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ABSTRACT

This paper explores the evolution of digital communication systems and the role of MATLAB-based
modeling in simulating advanced communication networks. The increasing demand for high-speed,
reliable, and efficient transmission networks necessitates the use of simulation tools like MATLAB to
analyze performance under various channel conditions. The integration of next-generation technologies
such as 5G, 6G, and digital twins is also examined. The study emphasizes the convergence of artificial
intelligence with communication design, improving system accuracy, security, and reliability.
Furthermore, advancements in secure edge intelligence, FPGA-based error correction, and energy-
efficient communication are explored.
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I. INTRODUCTION

The rapid evolution of digital communication systems has significantly transformed the landscape of modern
electronics and information exchange, particularly with the increasing demand for high-speed, reliable, and
efficient transmission networks. In this context, the design and simulation of advanced digital communication
systems using MATLAB-based models has emerged as a critical area of research, enabling engineers and
researchers to analyze system performance under diverse channel conditions before practical implementation.
MATLAB, with its powerful toolboxes such as Simulink, Communications Toolbox, and Signal Processing
Toolbox, provides a flexible and highly efficient environment for modeling modulation schemes, channel
coding techniques, error correction algorithms, and end-to-end communication architectures. It has been
widely observed that simulation-driven design methodologies reduce development time, improve system
accuracy, and support optimization of complex communication parameters in both wired and wireless
environments. Furthermore, the integration of MATLAB-based models in digital communication research has
facilitated the exploration of next-generation technologies such as 5G, 6G, digital twins, and Al-enabled
communication frameworks.

Recent advancements in communication engineering have highlighted the increasing importance of intelligent
and adaptive system design approaches. Varanasi et al. (2026) had examined the role of digital twin (DT)
technology in next-generation communication systems, emphasizing its capability for real-time simulation,
monitoring, and control. However, challenges such as interoperability, heterogeneous data integration, and
security vulnerabilities had been identified as major limitations in DT deployment. To address these issues, a
Secure Edge Intelligence Framework (SEIF) was proposed, integrating Trusted Execution Environments
(TEES), blockchain, and federated learning for enhanced system security and scalability. Similarly, Deka et
al. (2026) had reviewed model-driven deep learning techniques such as deep unfolding, which combined
domain-specific communication knowledge with neural network optimization, thereby improving signal
detection, beamforming, channel estimation, and physical layer security. These advancements demonstrated
the increasing convergence of artificial intelligence with communication system design, which is effectively
supported through MATLAB-based simulation environments for prototyping and performance evaluation.
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In addition to Al-driven communication models, hardware implementation and system-level simulation
have also gained considerable attention in modern research. Kumar et al. (2025) had investigated Turbo
coding algorithms implemented on FPGA platforms for improving error correction performance in digital
communication systems, particularly in safety-critical applications such as in-vehicle emergency
communication systems. Their findings indicated significant improvements in processing efficiency and
system reliability, demonstrating the importance of simulation-assisted hardware design. Likewise,
Chukwunweike et al. (2024) had emphasized the use of MATLAB in designing pipeline Analog-to-
Digital Converters (ADCs), highlighting its importance in achieving accuracy under low-voltage
constraints in modern semiconductor systems. Furthermore, An et al. (2026) had proposed a CBAM-
CGAN-based end-to-end communication framework to enhance channel modeling accuracy and reduce
bit error rate (BER) under various channel conditions, including AWGN, Rayleigh fading, and optical
fiber channels. These studies collectively underline the growing significance of simulation-based
methodologies in optimizing communication system design.

Moreover, the role of digital twin technology, energy-efficient communication systems, and secure
network architectures has further expanded the scope of MATLAB-based communication modeling. Lei
et al. (2023) had demonstrated the application of digital twin technology in power system communication,
enabling remote monitoring, training, and fault detection through web-based platforms. Similarly, Faruk
and Savory (2023) had explored measurement-informed models for optical fiber communication systems,
highlighting the use of hybrid modeling approaches for developing accurate digital twins of
communication networks. Esho et al. (2024) had examined energy-efficient satellite communication
system designs, emphasizing the importance of reducing power consumption while maintaining high-
quality signal transmission. Additionally, Dansarie (2024) had identified critical security vulnerabilities
in special-purpose digital wireless communication systems, including lack of encryption, authentication
issues, and protocol weaknesses, which further reinforced the need for secure and robust simulation
frameworks. Collectively, these studies demonstrate that MATLAB-based modeling serves as a
foundational tool for analyzing, simulating, and optimizing advanced digital communication systems,
enabling researchers to address both theoretical and practical challenges in next-generation
communication technologies.

I1. RESEARCH BACKGROUND

Varanasi et al. (2026) had examined the emerging role of digital twins (DTs) in next-generation
communication systems, where they were considered essential for enabling real-time simulation and
control. It had been observed that the development of DTs across cross-domain ecosystems was hindered
by significant challenges related to interoperability, security, and trust, which were further intensified by
heterogeneous data model requirements and conflicting policy frameworks. The paper had presented an
analytical review of the DT standards landscape and had identified major gaps in security architecture and
federated intelligence. To address these limitations, the authors had proposed a novel Secure Edge
Intelligence Framework (SEIF), which had integrated Trusted Execution Environments (TEES),
blockchain, and federated learning to enhance secure and scalable DT deployment. Furthermore, a
stratified roadmap for cross-domain standardization had been outlined, and several urgent research
directions had been suggested to support the effective realization of secure, interoperable, and scalable
DT systems in future 6G communication environments.

Deka et al. (2026) reviewed the growing demand for next-generation wireless communication systems
driven by the rapid increase in device connectivity, which had required higher data rates, greater capacity,
low latency, and high throughput for 10T applications. The authors explained that conventional data-
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driven machine learning models had often been constrained by their dependence on large datasets and
limited interpretability. To address these limitations, they highlighted the significance of model-driven
deep learning approaches, particularly deep unfolding, which had integrated domain knowledge with
neural learning frameworks. It was reported that deep unfolding transformed conventional iterative
algorithms into deep neural network layers, thereby preserving algorithmic structure while enabling end-
to-end optimization. The study further examined its applications in signal detection, channel estimation,
beamforming, decoding, ISAC, power allocation, and physical-layer security, emphasizing their relevance
to emerging 6G systems. The review also discussed existing challenges and suggested future
improvements for broader applicability in wireless communication scenarios.

Eiling et al. (2026) had examined the limitations of conventional real-time power system simulation
hardware, noting that such platforms were often highly specialized, proprietary, costly, inflexible, and
lacked interoperability, thereby restricting innovation, extensibility, and accessibility for researchers and
small organizations. The authors had addressed this gap by presenting an open-source communication
system designed to support real-time simulations in co-simulation and hardware-in-the-loop
environments, where simulation tools, measurement devices, and power system hardware needed to be
interconnected through real-time capable communication channels. It had been reported that the proposed
system enabled convenient reconfiguration without physical rewiring, even when components were
geographically distributed. The system had been integrated with the open-source simulation software
DPsim, and its applicability had been demonstrated through latency benchmarking, co-simulation, and
power hardware-in-the-loop simulation. The findings had indicated that the system achieved a time step
of 5 us, exhibiting performance comparable to commercial real-time simulators. Furthermore, the use of
established standards had ensured interoperability with multiple protocols and data formats.

An et al. (2026) investigated the limitations of generation accuracy and training instability associated with
conditional generative adversarial network (CGAN)-based methods and proposed an enhanced end-to-end
(E2E) communication system to address these challenges. The study reported that the proposed framework
integrated channel modeling through a convolutional block attention module (CBAM) and leveraged the
adaptive data generation capabilities of CGANs along with CBAM’s capacity to extract multidimensional
spatial and channel-dependent features, enabling a more accurate representation of unknown communication
channels. To alleviate the training instability typically observed in CGANs, a maximum mean discrepancy
(MMD) loss term was incorporated into the generator’s objective function, which reportedly improved
convergence behavior. Experimental evaluations were conducted across various channel conditions, including
additive white Gaussian noise (AWGN), Rayleigh fading, frequency-selective multipath, and optical fiber
channels, and the results indicated that the proposed model outperformed existing GAN-based approaches,
particularly by reducing the bit error rate (BER), with up to 2 dB improvement observed at high signal-to-
noise ratio (SNR) regimes, demonstrating the method’s robustness and potential for enhancing communication
system performance.

Kumar et al. (2025, May) investigated the role of error correction techniques in enhancing data integrity and
transmission accuracy within sophisticated digital communication systems. They emphasized the significance
of the Turbo algorithm, particularly for in-vehicle emergency systems such as the emergency call (eCall)
system, due to its superior error correction capabilities. The study reported the design and implementation of
a Turbo encoder for forward error correction on a Zyng UltraScale+ FPGA using Xilinx Vivado. Their
methodology was validated through both simulation and hardware synthesis, which demonstrated a reduction
of approximately 60% in overall processing time and a 75% improvement in logic utilization efficiency when
employing a parallel computation approach. The findings suggested that the Turbo algorithm could
substantially enhance the reliability and speed of critical data transmission systems.
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Chukwunweike et al. (2024) investigated the integration of MATLAB in the design and analysis of
pipeline Analog-to-Digital Converters (ADCs) to address complexities in next-generation communication
systems. The study reviewed existing literature to identify prevailing trends and challenges in high-speed
ADC designs. It highlighted that proficiency in MATLAB and its toolboxes, including Simulink and
Signal Processing, was considered essential for advanced modeling and analysis of ADCs. The research
noted that a major challenge involved maintaining accuracy amid decreasing supply voltages in modern
semiconductor technologies. Additionally, the study discussed the incorporation of high-voltage analog
components and proposed strategies to enhance accuracy using low-voltage transistors. It was concluded
that the combined application of MATLAB and pipeline ADC architectures significantly contributed to
advancing ADC design, offering innovative solutions for the demands of next-generation communication
systems.

Esho et al. (2024) conducted a comprehensive review on satellite communication systems, emphasizing
their crucial role in enabling global connectivity while highlighting the challenges posed by high energy
consumption on sustainability and operational costs. The study began by outlining the fundamentals of
energy efficiency in satellite communications, including key metrics and parameters, and subsequently
analyzed energy use across various subsystems. Strategies for improving energy efficiency in
transmission protocols, modulation schemes, power management, and control were examined, alongside
case studies illustrating successful implementations. The review also explored emerging technologies and
trends with potential to enhance energy efficiency and discussed regulatory and environmental
considerations, underscoring the need to align design practices with policies while mitigating
environmental impacts. The authors ultimately stressed that prioritizing energy efficiency in satellite
communication design could reduce operational costs, lessen environmental burden, and support
sustainable global connectivity.

Dansarie (2024) examined the development of special-purpose digital wireless communication standards
created for applications where general-purpose systems, such as mobile telephony, failed to meet user
requirements. The study highlighted that, given these systems often supported critical infrastructures,
security issues could produce significant consequences. To assess the scope of research on security
concerns in these specialized standards, a systematic literature review was conducted, employing
snowballing to ensure comprehensive coverage. The review identified publications addressing security
issues in radio communication systems across civil transportation, public safety and security, and
telephony and satellite communications. Findings were summarized and analyzed, revealing five
recurring themes: lack of encryption, lack of authentication, broken encryption, protocol vulnerabilities,
and implementation vulnerabilities. Research tools and methods across technology domains were
systematized, indicating that software-defined radio and open-source software had facilitated
investigations into these standards, though their application remained inconsistent. The study concluded
by outlining numerous open research directions, emphasizing the need for more holistic approaches
extending beyond technical flaw identification in individual standards.

Lei et al. (2023) examined the application of digital twin technology in power systems, emphasizing its
significance for ensuring a sustainable electricity supply across industrial, commercial, and domestic
sectors. The study highlighted the potential of digital twins as interactive and visual tools for training
students and operators in power system operations. The authors described the development of a web-
based communication system of power systems (CSPS) utilizing digital twin technologies, which
provided a virtual replica of the communication processes and enabled remote monitoring and control of
the physical system. The article detailed the design and implementation of this digital twin CSPS and

IJESTI 6 (3) https://doi.org/10.31426/ijesti.2026.6.3.6160 428


http://www.ijesti.com/

Vol 6, Issue 3, March 2026 www.ijesti.com E-ISSN: 2582-9734
International Journal of Engineering, Science, Technology and Innovation (IJESTI)

discussed its functionalities and practical applications. Furthermore, the effectiveness of the proposed
system was demonstrated through a case study involving optical fiber line fault detection, which simulated
a realistic scenario and incorporated remote control-based interactions and visualization to validate the
system’s operational capabilities.

Faruk and Savory (2023) investigated the advancements in digital coherent transceivers, noting that
these devices had evolved to a stage where they could monitor the physical state of optical networks and
generate data suitable for constructing measurement-informed physical layer models. They reviewed the
measurement capabilities of coherent transceivers and subsequently examined various modeling
approaches, including physics-based models, data-driven models, and hybrid models that combined
elements of both. After evaluating these measurement techniques and modeling methodologies, they
highlighted the key features and considerations involved in developing digital twins for optical fiber
communication systems based on measurement-informed models, emphasizing the potential of such
approaches to enhance network understanding and predictive capabilities.

Cai and Su (2022) examined the integration of digital technology in visual communication design, noting
that China’s social and economic advancements had simultaneously elevated research, development, and
application in science and technology. They argued that combining digital technology with visual
communication design addressed diversified design needs and enhanced innovation in design outputs.
The study highlighted how the effective utilization and continuous innovation of digital tools made visual
information more intuitive and image-driven, providing audiences with fresh and unique visual
experiences. The authors analyzed the advantages of applying digital technology from multiple
perspectives, including artistic expression, spatial tools, and technological integration, emphasizing its
critical role in expanding advanced design theory. They further discussed strategies for innovative
application, focusing on artistry, diversification, and the interplay of science and technology. The research
was suggested to offer valuable references for advancing modern visual communication design practices.

I11. KEY FINDINGS FROM STUDY

Author(s) & Objective Methodology Key Findings Relevance to
Year Study
Varanasi et al. | Secure digital twin | Analytical review | Proposed Enhances  secure
(2026) deployment in|+ SEIF | blockchain, TEEs, | simulation-based

communication framework federated learning | communication
systems for secure DTs modeling
Deka et al. | Deep unfolding in | Model-driven Improved  signal | Supports Al-based
(2026) wireless systems deep learning | detection, MATLAB
review beamforming, communication
channel estimation | simulation
Eiling et al. | Real-time Open-source co- | Achieved 5 ps | Useful for real-time
(2026) simulation simulation latency, high | MATLAB system
communication platform interoperability simulation
systems
An et al. (2026) | End-to-end CBAM-CGAN + | Reduced BER, | Enhances
communication MMD loss improved channel | MATLAB-based
system modeling accuracy | channel simulation
improvement accuracy
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Kumar et al. | FPGA Turbo | Hardware 60% faster | Supports error
(2025) encoder design implementation + | processing,  75% | correction
simulation efficiency modeling in
improvement MATLAB
Chukwunweike | ADC design using | Simulation-based | Improved accuracy | Strengthens
et al. (2024) MATLAB ADC modeling under low voltage | MATLAB signal
conditions processing
modeling
Esho et al. | Energy-efficient Systematic Optimized power | Relevant for
(2024) satellite review usage in | sustainable
communication communication communication
systems modeling
Dansarie (2024) | Security issues in | Systematic Identified Highlights security
digital literature review | encryption and | needs in simulation
communication protocol models
vulnerabilities
Lei et al. (2023) | Digital twin | Web-based DT | Enabled remote | Supports
communication platform monitoring and | MATLAB-based
systems fault detection DT communication
modeling
Faruk & Savory | Optical fiber digital | Measurement- Improved Enhances
(2023) twin models informed hybrid | predictive network | MATLAB optical
models performance communication
simulation
Cai & Su (2022) | Digital Analytical study | Improved Supports
communication in visualization  and | visualization-based

communication
modeling

design systems design innovation

IV. CONCLUSION

The reviewed literature collectively highlights that the design and simulation of advanced digital
communication systems using MATLAB-based models has become a fundamental approach for
addressing the increasing complexity of modern communication networks. It has been observed that
MATLAB provides a highly versatile environment for simulating modulation techniques, channel
behavior, error correction mechanisms, and system-level communication architectures, enabling
researchers to evaluate performance under diverse real-world conditions. Studies such as Varanasi et al.
(2026) and Lei et al. (2023) have emphasized the growing role of digital twins in enabling real-time
communication system simulation and monitoring, while Deka et al. (2026) and An et al. (2026) have
demonstrated the integration of artificial intelligence techniques to improve signal processing efficiency
and channel modeling accuracy. Furthermore, hardware-oriented research by Kumar et al. (2025) and
signal processing advancements highlighted by Chukwunweike et al. (2024) have shown that MATLAB-
based simulation frameworks effectively bridge the gap between theoretical communication models and
practical hardware implementation. In addition, emerging concerns related to energy efficiency (Esho et
al., 2024) and system security (Dansarie, 2024) have reinforced the necessity of developing robust,
optimized, and secure communication architectures. Overall, it has been concluded that MATLAB-based
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modeling plays a critical role in accelerating innovation in digital communication systems by enabling
rapid prototyping, performance optimization, and validation of next-generation technologies such as 5G,
6G, digital twins, and Al-enabled networks.

V. FUTURE SCOPE

Development of advanced MATLAB-based simulation frameworks integrated with artificial
intelligence (Al) and machine learning (ML) techniques for adaptive and self-optimizing digital
communication systems.

Exploration of 5G and 6G communication system modeling in MATLAB, focusing on ultra-low
latency, high bandwidth, and massive device connectivity scenarios.

Integration of digital twin technology with MATLAB simulations to enable real-time monitoring,
prediction, and optimization of communication networks.

Advancement of deep learning-based channel estimation, signal detection, and noise reduction
techniques for improved communication accuracy and reliability.

Implementation of hybrid modeling approaches combining physics-based and data-driven
methods for enhanced system performance analysis.

Development of MATLAB-based simulation models for optical fiber, satellite, and millimeter-
wave (mmWave) communication systems.

Improvement in error correction coding techniques such as LDPC, Turbo codes, and polar codes
through simulation-based optimization.

Enhancement of security mechanisms in digital communication systems using cryptography,
blockchain, and secure signal transmission modeling.

Design of energy-efficient communication systems focusing on green communication and
sustainable network architectures.

Integration of Internet of Things (l1oT) and edge computing frameworks within MATLAB for
smart and connected communication environments.

Development of real-time hardware-in-the-loop (HIL) simulation systems for testing
communication protocols and devices.

Expansion of cognitive radio and software-defined radio (SDR) simulation models for dynamic
spectrum management.

Application of reinforcement learning techniques for adaptive modulation, coding, and resource
allocation in communication systems.

Improvement of FPGA and MATLAB co-simulation platforms for faster prototyping and
hardware validation.

Exploration of quantum communication system modeling for next-generation secure data
transmission.

Advancement of vehicular communication systems (V2V, V2I) simulation for autonomous
transportation networks.

Standardization of MATLAB-based communication toolboxes for cross-domain interoperability
and industrial applications.
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