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Abstract - In this research paper, the development of a Python-based integrated communication systems simulation platform, namely
Nebula X Communications Simulator, with hardware validation using NI Multisim is presented along with experimental simulation and
waveform analysis results. Communication systems form the backbone of modern wireless and wired technologies, enabling reliable
transmission of information through various analog and digital communication techniques. However, existing educational tools often
require multiple software platforms to study modulation, multiplexing, signal analysis, and communication system behavior
independently, thereby creating a need for an integrated, interactive, and user-friendly simulation environment. The present work focuses
on the design and development of a comprehensive communication systems simulator capable of generating customizable carrier, message,
and optional noise signals using multiple waveform types and user-defined parameters. The proposed platform incorporates three major
functional modules, namely Channeling, Communication Analysis, and Generation Communications, enabling users to perform analog
and digital modulation, synchronization, multiplexing, channel-effect simulation, waveform visualization, signal processing, filter analysis,
and comparative studies of communication technologies from 0G to 6G within a single software environment. The developed simulator
provides comprehensive analysis through an oscilloscope, Fast Fourier Transform (FFT), spectrum analyzer, waterfall plot, constellation
diagram, eye diagram, Bit Error Rate (BER), Symbol Error Rate (SER), and channel performance evaluation. The proposed platform
was further validated using NI Multisim to compare software-generated results with circuit-level communication simulations, thereby
bridging theoretical communication concepts with practical implementation. The developed communication systems simulator provides
an interactive educational and research-oriented platform that simplifies experimentation, enhances conceptual understanding, and
serves as a scalable foundation for future developments in communication systems engineering and signal processing applications.

Index Terms - Communication Systems, Python, NI Multisim, Signal Processing, Analog Modulation, Digital Modulation, Multiplexing,
FFT, BER, Communication Analysis, Educational Simulation.

I. INTRODUCTION
1.1 Background

Communication systems have become one of the most fundamental technologies in the modern world, enabling reliable transmission
and exchange of information across wired and wireless communication networks. From traditional telecommunication systems to
modern fifth-generation (5G) and emerging sixth-generation (6G) communication technologies, the continuous evolution of
communication systems has significantly transformed industries such as healthcare, education, transportation, defense,
manufacturing, and smart infrastructure. The rapid advancement of digital communication techniques, signal processing algorithms,
and wireless technologies has increased the need for engineers and researchers to understand complex communication principles
through practical experimentation and simulation.

Communication engineering involves numerous concepts including signal generation, analog and digital modulation,
synchronization, multiplexing, channel modeling, signal analysis, filtering, and error performance evaluation. These concepts are
often interconnected, making them challenging for students and researchers to visualize and understand using conventional
theoretical methods alone. Simulation-based learning has therefore become an essential component of engineering education by
providing interactive visualization, experimentation, and performance analysis without the need for expensive laboratory equipment
or complex hardware implementations.
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1.2 Problem Statement

Although several communication system simulation tools are available for educational and industrial applications, many existing
platforms primarily focus on specific aspects of communication engineering rather than providing an integrated environment for
comprehensive communication system analysis. Software packages such as NI Multisim are widely used for circuit-level design
and validation, while other simulation environments emphasize mathematical modeling or individual communication techniques.
As a result, students frequently need to switch between multiple software applications to study waveform generation, modulation
techniques, communication analysis, synchronization, multiplexing, and communication generations separately.

This fragmented approach increases the complexity of learning communication systems and limits the ability to observe the
interaction between different communication components within a unified environment. Therefore, there exists a need for an
integrated, user-friendly, and educational communication systems simulator capable of combining multiple communication
engineering concepts into a single software platform for simulation, visualization, experimentation, and performance analysis.

1.3 Objectives

The primary objective of this research is to design and develop Nebula X Communications Simulator, an integrated desktop-
based communication systems simulation platform using Python with validation through NI Multisim.

The specific objectives of this work are:
e To develop an interactive graphical user interface for communication system simulation.
e To generate customizable carrier, message, and optional noise signals using user-defined parameters.
e To implement analog modulation techniques including AM, FM, PM, GM (PWM), and QM (QAM).
e To implement digital modulation techniques including ASK, FSK, PSK, QPSK, and GMSK.
e To simulate synchronization techniques and multiplexing methods such as TDM, FDM, WDM, CDM, and OFDM.

e To perform comprehensive communication analysis using Oscilloscope, FFT, Spectrum Analyzer, Waterfall Plot,
Constellation Diagram, Eye Diagram, BER, SER, and filter analysis.

e To provide comparative educational analysis of communication technologies ranging from 0G to 6G.
e To validate software-generated communication models through NI Multisim circuit simulations.
1.4 Scope of the Work

The scope of the proposed work is limited to the development of an integrated educational communication systems simulator that
combines theoretical communication concepts with software-based simulation and hardware validation. The simulator enables users
to configure communication signals, perform analog and digital modulation, analyze signal characteristics, study synchronization
and multiplexing techniques, investigate channel effects, and compare multiple generations of communication technologies.

The proposed platform is intended primarily for educational, research, and demonstration purposes within the field of Electronics
and Communication Engineering. The present work does not focus on real-time communication hardware implementation, software-
defined radio (SDR), or deployment over commercial communication networks. Instead, it provides a flexible simulation
environment that allows users to understand communication system behavior through interactive experimentation and visualization.

1.5 Contributions of the Present Work
The major contributions of the proposed work are summarized as follows:

e Development of Nebula X Communications Simulator, an integrated desktop-based communication systems simulation
platform.

e Integration of signal generation, modulation, synchronization, multiplexing, communication analysis, and communication
generation studies into a single software environment.

e Development of three dedicated functional modules, namely Channeling, Communication Analysis, and Generation
Communications, to provide structured communication system experimentation.

IJERTV 1515080117 Page 2
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by : International Journal of Engineering Research & Technology (IJERT)
https://lwww.ijert.org/ | SSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 08, August - 2026

e Implementation of customizable waveform generation with multiple waveform types and user-defined communication
parameters.

e Integration of advanced communication analysis tools including FFT, Spectrum Analyzer, Waterfall Plot, Constellation
Diagram, Eye Diagram, BER, SER, and filter analysis.

e Validation of software-generated communication models using NI Multisim circuit simulations.

e Development of an interactive educational platform aimed at improving conceptual understanding, practical
experimentation, and visualization of communication engineering principles

Il. Literature Review
2.1 Communication Systems Simulation

Communication system simulation has become an essential approach for analyzing signal behavior, evaluating communication
techniques, and validating system performance before hardware implementation. Numerous researchers have contributed to the
advancement of simulation methodologies for modern communication systems.

Goldsmith [1] discussed the evolution of wireless communication systems and emphasized the significance of simulation in
designing, analyzing, and optimizing communication networks. The study highlighted that simulation enables engineers to evaluate
communication performance, reduce implementation cost, and improve overall system reliability before practical deployment.
However, the work primarily focused on wireless communication theory rather than educational simulation platforms.

Rappaport et al. [2] investigated communication technologies operating above 100 GHz for future sixth-generation (6G) wireless
networks. The authors demonstrated the importance of simulation in evaluating millimeter-wave and terahertz communication
systems, channel characteristics, and propagation models. Although the research provides valuable insights into future wireless
technologies, it mainly focuses on advanced communication research instead of integrated educational environments.

Agiwal, Roy, and Saxena [3] presented a comprehensive survey of fifth-generation (5G) wireless communication networks by
discussing network architecture, spectrum utilization, massive MIMO, and communication performance. Their work established
simulation as an important tool for validating communication technologies before practical implementation. Nevertheless, the study
concentrated primarily on wireless infrastructure rather than unified communication learning platforms.

Giordani et al. [5] explored the vision, use cases, and enabling technologies for future sixth-generation communication systems.
The authors emphasized that communication simulation plays a significant role in evaluating network performance, latency,
reliability, and spectrum efficiency during the development of next-generation communication technologies. However, the proposed
work mainly addressed theoretical communication concepts.

Tataria et al. [7] reviewed the requirements, challenges, and opportunities associated with future 6G wireless systems. Their
research highlighted simulation-driven analysis as an essential methodology for investigating advanced communication
architectures and evaluating emerging technologies. Although comprehensive, the study focused on future communication research
rather than educational communication software.

2.2 Existing Communication Simulation Platforms

A number of software applications are currently available for communication systems education and research. MATLAB and
Simulink provide extensive mathematical modeling and signal-processing capabilities, allowing users to simulate various analog
and digital communication techniques through block-based programming environments. NI Multisim offers powerful electronic
circuit simulation and verification, enabling communication circuits to be designed and tested before hardware implementation.
GNU Radio provides a software-defined radio framework for developing and experimenting with wireless communication systems,
whereas LabVIEW offers graphical programming tools suitable for measurement, instrumentation, and communication experiments.

Although these platforms are widely accepted in academia and industry, each primarily focuses on specific aspects of
communication engineering. Consequently, users often require multiple software applications to perform waveform generation,
circuit simulation, signal analysis, communication visualization, and educational experimentation.

2.4 Research Gap

Bjdrnson and Sanguinetti [9] investigated advanced signal-processing techniques for improving the performance of fifth-generation
wireless communication systems. Their work demonstrated the effectiveness of simulation for evaluating communication algorithms
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and optimizing network performance. However, the study primarily focused on signal-processing methodologies instead of
integrated educational simulation environments.

Foukas et al. [11] presented a comprehensive study on network slicing for fifth-generation communication networks. The research
emphasized simulation-based evaluation of resource allocation, virtualization, and communication efficiency. Despite its significant
contribution to network research, the work concentrated on specialized networking concepts rather than communication education.

Chen, Shi, and Zhao [14] explored the integration of artificial intelligence within next-generation communication networks. Their
research highlighted the use of simulation techniques for evaluating Al-assisted communication systems and intelligent network
optimization. Nevertheless, the study primarily focused on intelligent networking applications without providing an educational
communication simulation platform.

Zaidi et al. [15] proposed waveform and numerology techniques for supporting diverse fifth-generation communication services.
The authors demonstrated simulation-based performance evaluation of waveform configurations under different communication
scenarios. However, the research remained limited to waveform optimization and did not integrate multiple communication
engineering concepts within a unified software environment.

From the reviewed literature, it can be observed that existing studies primarily focus on specific communication domains such as
wireless networking, signal processing, waveform design, artificial intelligence, or network optimization. Similarly, current
simulation software generally specializes in mathematical modeling, circuit simulation, or software-defined radio implementation.
Very few educational platforms combine signal generation, analog and digital modulation, synchronization, multiplexing,
communication analysis, channel-effect visualization, comparative studies from 0G to 6G, and hardware validation within a single
interactive graphical environment. This research therefore addresses the need for an integrated communication simulator capable of
providing a unified learning and experimentation platform for undergraduate engineering education and research.

2.5 Proposed Solution

To address the identified research gap, the present work proposes Nebula X Communications Simulator, an integrated desktop
application developed using Python and validated through NI Multisim. The proposed platform combines signal generation,
communication system simulation, waveform visualization, modulation, synchronization, multiplexing, channel-effect simulation,
communication analysis, and comparative studies of communication technologies from 0G to 6G within a single software
environment.

Unlike conventional communication software that primarily focuses on isolated concepts, Nebula X provides three dedicated
modules: Channeling, Communication Analysis, and Generation Communications, allowing users to study communication
systems through an interactive and unified workflow. The modular architecture improves educational accessibility while providing
comprehensive visualization and analysis suitable for undergraduate engineering education and research-oriented experimentation.

I11. Proposed System
3.1 System Overview

The proposed Nebula X Communications Simulator is an integrated desktop-based communication systems simulation platform
developed using Python with hardware validation through NI Multisim. The primary objective of the proposed system is to provide
a unified software environment for studying, simulating, visualizing, and analyzing various communication engineering concepts
through an intuitive graphical user interface. The simulator enables users to configure customizable carrier, message, and optional
noise signals using multiple waveform types and user-defined parameters. Unlike conventional communication software that focuses
on isolated concepts, Nebula X combines signal generation, modulation, synchronization, multiplexing, communication analysis,
and communication generation studies within a single application, thereby providing a comprehensive educational and research-
oriented platform for Electronics and Communication Engineering.
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Fig 3.1.1. Block Diagram of Nebula X Communications Simulator describing the working of each module
3.2 System Architecture

The proposed simulator follows a modular software architecture consisting of interconnected functional components designed to
perform different communication engineering tasks. The signal generation module acts as the core of the simulator by generating
customizable communication signals that are subsequently processed by the selected functional module. The overall architecture is
divided into three major modules, namely Channeling, Communication Analysis, and Generation Communications. Each
module performs specialized communication system operations while maintaining common signal parameters, allowing seamless
interaction between different stages of simulation. The modular architecture also improves software scalability and allows additional
communication techniques to be incorporated into future versions without significantly modifying the existing framework.

I Communication System Simulator
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Welcome to
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Laboratory modules loading
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Fig 3.2.1. Loading Screen of the Nebula X Comms Simulator
3.3 Signal Generation Module

The signal generation module provides users with complete control over the characteristics of carrier, message, and optional noise
signals. Users can define parameters such as frequency, voltage, sampling rate, and waveform type according to the desired
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communication scenario. The simulator supports multiple waveform types including sinusoidal, cosine, triangular, rectangular,
sawtooth, direct current (DC), and digital waveforms, thereby allowing flexible experimentation under different communication
conditions. These generated signals serve as the primary inputs for modulation, communication analysis, synchronization,
multiplexing, and communication generation studies performed within the simulator.

3.4 Channeling Module

The Channeling module represents the primary communication processing component of Nebula X. This module enables users to
perform analog and digital modulation using configurable communication parameters while simultaneously supporting
synchronization techniques, multiplexing methods, and channel-effect simulation. The analog communication section includes
Amplitude Modulation (AM), Frequency Modulation (FM), Phase Modulation (PM), General Modulation (GM-PWM), and
Quadrature Modulation (QM-QAM), whereas the digital communication section includes Amplitude Shift Keying (ASK),
Frequency Shift Keying (FSK), Phase Shift Keying (PSK), Quadrature Phase Shift Keying (QPSK), and Gaussian Minimum Shift
Keying (GMSK). The module further supports synchronization through sinusoidal, triangular, and rectangular trigger signals,
multiple multiplexing technigues including TDM, FDM, WDM, CDM, and OFDM, as well as configurable channel effects such as
attenuation, propagation delay, interference, Doppler shift, and multipath fading.

Channeling

Fig 3.4.1. Communication Channeling Module in the Simulator
3.5 Communication Analysis Module

The Communication Analysis module provides comprehensive visualization and performance evaluation of communication
signals generated within the simulator. The module allows users to observe both time-domain and frequency-domain characteristics
through multiple engineering analysis tools including an oscilloscope, Fast Fourier Transform (FFT), spectrum analyzer, waterfall
plot, constellation diagram, eye diagram, Bit Error Rate (BER), Symbol Error Rate (SER), channel analysis, and filter analysis.
These analytical tools assist users in understanding communication system behavior under different signal configurations and
channel conditions while providing a practical learning environment for communication engineering concepts.
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Fig 3.5.1. Communication Analysis Module in the Simulator
3.6 Generation Communications Module

The Generation Communications module is designed to provide an educational comparison of communication technologies
ranging from 0G to 6G. Users can study the characteristics of different communication generations using identical signal parameters
while observing variations in communication techniques, bandwidth utilization, data transmission capabilities, latency, operating
frequencies, and technological advancements.

The module enables users to understand the evolution of communication systems through interactive experimentation and
comparative analysis, thereby improving conceptual understanding of modern wireless communication technologies.

Generation Communications

4 technical reference, linked to a representative live simulation

Fig 3.6.1 Generation Communication Module in the Simulator

3.7 NI Multisim Integration

To enhance the practical significance of the proposed simulator, communication concepts implemented within Nebula X are
validated through NI Multisim circuit simulations. Circuit-level implementations of modulation techniques, synchronization
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systems, and multiplexing methods are compared with software-generated simulation results to establish consistency between
theoretical communication principles and hardware-oriented circuit behavior. The integration of Python-based simulation with NI
Multisim verification provides a comprehensive educational framework that bridges software simulation with practical
communication engineering applications.
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Fig 3.7.1. NI Multisim Hardware Circuit Diagram for the Nebula X Communication Simulator
3.8 System Workflow

The operational workflow of the proposed simulator begins with the configuration of carrier, message, and optional noise signal
parameters through the graphical user interface. The generated signals are subsequently processed by one of the three primary
modules based on user selection. The selected module performs the required communication operations, after which the generated
results are visualized using various signal analysis tools and graphical representations. Finally, the obtained results can be exported
in multiple formats including graphical images, reports, and data files for documentation and further analysis. This workflow enables
a complete communication system simulation cycle within a single integrated software environment, thereby improving usability,
accessibility, and educational effectiveness.

IV.SYSTEM METHODOLOGY
4.1 Analog Modulation Design

This section explains the design and mathematical modelling of analog modulation techniques implemented in the proposed
communication system. Analog modulation involves varying a continuous carrier wave according to the characteristics of the
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information signal. The three fundamental analog modulation techniques considered are Amplitude Modulation (AM), Frequency
Modulation (FM), and Phase Modulation (PM). Additionally, Pulse Width Modulation (PWM), considered as General Modulation
(GM) in this system, is analyzed for pulse-based signal transmission.

4.1.1 Amplitude Modulation (AM)

Amplitude Modulation is a technique where the amplitude of a high-frequency carrier signal is varied according to the instantaneous
amplitude of the message signal, while the frequency and phase of the carrier remain constant. AM is one of the earliest and simplest
modulation techniques used in broadcasting and analog communication systems.

The mathematical representation of an AM signal is:
s(t) = Ac[1 + pm(t)] cos(2m f.t)

Where,

- Ac - Carrier Amplitude

- p-Modulation Index

- m(t) - Message Signal

- Fc - Carrier Frequency
4.1.2 Frequency Modulation (FM)

Frequency Modulation is a technique where the instantaneous frequency of the carrier signal changes according to the amplitude of
the message signal, while the carrier amplitude remains constant. FM provides improved noise immunity compared to AM and is
widely used in audio broadcasting and wireless communication.

The mathematical representation of FM is:
s(t) = Accos(2n fot + 2mky f m(t)dt)

Where,
- Kf - Frequency Sensitivity Constant
- Fc - Carrier Frequency

4.1.3 Phase Modulation (PM)

Phase Modulation varies the phase angle of the carrier signal according to the instantaneous amplitude of the message signal. PM
is closely related to FM and forms the foundation of many modern digital modulation techniques.

The PM equation is:
s(t) = A.cos(2n fct + kym(t))

Where,
- Kp - Phase Sensitivity Constant
- m(t) - Message Signal

4.1.4 General Modulation (GM)( I.e Pulse Width Modulation (PWM))

Pulse Width Modulation represents information by changing the width of pulses while maintaining constant amplitude and
frequency. PWM is widely used in power electronics, control systems, and digital communication interfaces.

The PWM signal can be represented as:
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T
Where,
- D -Duty Cycle

- T(on) - Pulse ON Duration
- T - Total Time period
4.2 Digital Modulation Design

Digital modulation techniques represent information using discrete binary symbols. Unlike analog modulation, digital modulation
changes specific characteristics of the carrier according to binary input data.

The implemented digital modulation schemes include ASK, FSK, PSK, GMSK, and QPSK.
4.2.1 Amplitude Shift Keying (ASK)

ASK transmits digital information by changing the amplitude of the carrier signal according to binary input data. A binary "1" is
represented by a carrier wave, while a binary "0" is represented by the absence or reduction of the carrier amplitude.

Equation:
s(t) = Ab(t) cos(2m f.t)

Where:
e b(t) = Binary input sequence
4.2.2 Frequency Shift Keying (FSK)

FSK represents binary information by switching between two different carrier frequencies. Binary states correspond to different
frequency values.

Equation:

s(t) = Accos(2mfit), b(t) =1

s(t) = A.cos(2mfot), b(t) =0

4.2.3 Phase Shift Keying (PSK)
PSK changes the phase of the carrier according to the digital input. Binary PSK typically uses two phase states separated by 180°.

Equation:

s(t) = Accos(2mfot + )

where:
Theta = 0* or 180*
4.2.4 Gaussian Minimum Shift Keying (GMSK)

GMSK is a continuous-phase modulation technique where the data signal is filtered using a Gaussian filter before frequency
modulation. It is known for efficient spectrum usage and was used in GSM communication.

Equation:
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s(t) = A.cos(2n f.t + wh Z anq(t — nT))

Where:
e h = Modulation index
e ((t) = Gaussian pulse response
4.2.5 Quadrature Phase Shift Keying (QPSK)

QPSK transmits two bits per symbol by using four different phase states. It improves bandwidth efficiency compared to traditional
PSK.

Equation:

s(t) = I(t) cos(2m fot) — Q(t) sin(2m f.t)

Where:

e I(t) = In-phase component

e Q(t) = Quadrature component
4.3 Synchronization Circuit Design

Synchronization ensures that the transmitter and receiver operate with matching timing references. The proposed system analyzes
four synchronization waveforms:

4.3.1 Sinusoidal Synchronization
A sinusoidal waveform provides smooth periodic timing references and is commonly used in analog communication systems.
4.3.2 Triangular Synchronization

A triangular waveform provides linear voltage variation and is commonly used in PWM generation and comparator-based timing
circuits.

4.3.3 Square Wave Synchronization

Square waves provide sharp transitions and are widely used as clock signals in digital systems.

4.3.4 Straight-Line/Ramp Synchronization

Ramp signals provide a continuously increasing voltage reference and are commonly used in timing and comparison circuits.
4.4 Multiplexing Architecture

Multiplexing combines multiple signals into a single communication channel to improve transmission efficiency.

4.4.1 Time Division Multiplexing (TDM)

TDM assigns different time slots to different signals. Each input signal is transmitted sequentially through the same channel.
4.4.2 Frequency Division Multiplexing (FDM)

FDM separates signals by assigning different frequency bands to each communication channel.

4.4.3 Code Division Multiplexing (CDM)

CDM allows multiple users to transmit simultaneously using unique spreading codes.

4.4.4 Wavelength Division Multiplexing (WDM)

WDM is an optical communication technique where multiple signals are transmitted using different wavelengths of light through
the same fiber.
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4.4.5 Time-Frequency Division Multiplexing (TFDM) - Proposed Concept

Time-Frequency Division Multiplexing (TFDM) is a hypothetical and exploratory multiplexing concept proposed in this research
as a possible extension of existing communication techniques. The concept originated from observing that Time Division
Multiplexing (TDM) and Frequency Division Multiplexing (FDM) independently allocate communication resources in different
domains. While TDM separates multiple signals using distinct time slots, FDM enables simultaneous transmission by assigning
separate frequency bands. This research explores the possibility of combining these two well-established principles into a unified
conceptual framework capable of utilizing both temporal and spectral resource allocation simultaneously. The proposed architecture
is intended solely for theoretical investigation and educational simulation within the Nebula X Communications Simulator and
should not be interpreted as an established or standardized communication protocol.

The proposed conceptual relationship is represented by the following expression.
TFDM = TDM + FDM
Where,
Time Allocation + Frequency Allocation = Time-Frequency Allocation
or conceptually,
Multiple Input Signals — Frequency Assignment — Time Slot Scheduling — TFDM Multiplexed Output

The proposed concept suggests that each communication signal is first allocated an individual frequency band and is then organized
into dedicated transmission time slots before multiplexing. This representation serves as a conceptual model rather than a
mathematically validated communication architecture.

The proposed TFDM concept may offer several potential advantages if investigated further through theoretical analysis and
experimental validation:

- Simultaneous utilization of both time-domain and frequency-domain multiplexing principles.
- Improved organization of multiple communication channels through combined temporal and spectral allocation.
- Potential reduction of channel interference by separating signals in both frequency and time domains.
- Enhanced scalability for communication systems supporting multiple users or services.
- Conceptual framework for studying hybrid multiplexing techniques in communication engineering education.
V. RESULTS & ANALYSIS
5.1 Analog Results
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Fig 5.1.1. 4 Waveforms each under analog waveforms from top to bottom respectively, Amplitude Modulation, Frequency
Modulation, Phase Modulation, and General Modulation(Pulse Width Modulation).

The analog waveform simulation successfully demonstrated the simultaneous generation and observation of four fundamental
modulation techniques within a single NI Multisim environment. The Amplitude Modulation (AM) waveform was represented in
red, showing variations in the carrier amplitude corresponding to the message signal. The Frequency Modulation (FM) waveform,
displayed in blue, exhibited changes in carrier frequency while maintaining a constant amplitude. The Phase Modulation (PM)
waveform, shown in yellow, illustrated phase shifts in the carrier signal proportional to the input message. The General
Modulation, implemented using Pulse Width Modulation (PWM) and represented in green, demonstrated variations in pulse
width while maintaining constant pulse amplitude. The successful simultaneous visualization of all four modulation techniques
confirms the effectiveness of the proposed communication system in generating, analysing, and comparing multiple analog
modulation schemes within a unified simulation framework.

5.2 Digital Results
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Fig 5.2.1. 4 Waveforms and one Pulse related to Digital Modulation results respectively off, A.S.K, F.S.K, P.S.K, G.M.S.K
and Q.P.S.K

The digital waveform simulation successfully demonstrated the generation and simultaneous analysis of five fundamental digital
modulation techniques within the NI Multisim environment. The simulated waveforms included Amplitude Shift Keying (ASK),
Frequency Shift Keying (FSK), Phase Shift Keying (PSK), Gaussian Minimum Shift Keying (GMSK), and Quadrature Phase Shift
Keying (QPSK). Each modulation scheme exhibited its characteristic method of encoding binary information by varying the
amplitude, frequency, phase, or a combination of these carrier signal parameters. The simulation verified the correct implementation
of each digital modulation technique and enabled a direct comparison of their waveform characteristics, spectral efficiency, and
signal behavior. The successful observation of these modulation schemes within a unified simulation platform demonstrates the
capability of the proposed communication system to analyze multiple digital communication methods used in modern wireless and
data transmission technologies.

5.3 Synchronization Results
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Fig 5.3.1. 3 Waveforms showcasing after synchronization waveform outputs of 3 types of waves, from top to bottom

respectively, Synched Triangular Wave, Synched Rectangular Wave, and Synched Sinusoidal Wave.

The synchronization circuit was successfully simulated to generate and observe three different reference waveforms used
for timing and trigger control in the communication system. The output shown in the oscilloscope display represents the
waveforms obtained after synchronization. The purple waveform corresponds to the synchronized triangular wave, which
is linear in rising and falling edges and is commonly used in modulation and PWM generation. The orange waveform
corresponds to the synchronized rectangular (square) wave, which provides sharp transitions and is widely used as a clock
or gating signal in digital circuits. The brown waveform corresponds to the synchronized sinusoidal wave, which offers
smooth and continuous oscillations and is typically used in analog systems and carrier signal generation. The synchronization
ensures that all waveforms are stable, periodic, and aligned in frequency, making them suitable for accurate timing,
modulation, and multiplexing operations in the proposed communication system.

VI. ADVANTAGES OF THE PROPOSED SYSTEM

The proposed integrated communication system offers several advantages by combining multiple analog and digital communication
techniques into a single simulation platform. Unlike conventional demonstrations that focus on individual modulation schemes, this
system provides a unified environment for studying, comparing, and analyzing various communication methods simultaneously.
The implementation of synchronization circuits and multiplexing architectures further enhances the practical understanding of

modern communication systems while maintaining simplicity and ease of implementation.

The major advantages of the proposed system are as follows:
e Integrates multiple analog and digital modulation techniques within a single communication framework.
e Demonstrates synchronization and multiplexing concepts using a unified simulation environment.

e Enables simultaneous observation and comparison of different waveform characteristics.

e Provides an economical and risk-free alternative to hardware-based experimentation through NI Multisim simulation.

e Serves as an effective educational tool for students studying analog and digital communication systems.

e The modular design allows easy expansion to include additional modulation techniques and communication protocols.

e Improves understanding of carrier signals, synchronization methods, and multiplexing architectures through real-time

waveform analysis.
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e Forms a strong foundation for future implementation using embedded systems, FPGA platforms, or Software Defined
Radio (SDR).

VII. LIMITATIONS

Although the proposed communication system successfully demonstrates the operation of multiple communication techniques,
certain limitations remain due to the scope of the project. The work has been carried out entirely within the NI Multisim simulation
environment and therefore does not account for several practical factors encountered in real-world communication systems.

The primary limitations of the proposed system include:
e The system is limited to simulation and has not been validated using physical hardware.
e Environmental effects such as channel noise, attenuation, interference, and signal fading are not considered.
e Real-time wireless communication and long-distance transmission have not been implemented.
e The communication channel is assumed to operate under ideal conditions.

e Hardware performance factors such as component tolerances, propagation delays, and power consumption have not been
analyzed.

e The proposed Time-Frequency Division Multiplexing (TFDM) architecture is presented as a conceptual approach and
requires further experimental validation.

Despite these limitations, the simulation successfully demonstrates the theoretical operation and behavior of the implemented
communication techniques.

VIIl. FUTURE SCOPE

The proposed communication system provides a flexible foundation for future research and development. Several enhancements
can be incorporated to improve functionality, accuracy, and practical applicability. Future work may focus on extending the
simulation into real-world communication platforms while integrating intelligent technologies for automated signal analysis.

Potential future developments include:

e Hardware implementation using FPGA, Arduino, Raspberry Pi, or other embedded platforms.

Integration with Python or MATLAB for real-time waveform visualization, mathematical analysis, and automated
reporting.

e Development of an Artificial Intelligence (Al)-based communication analyzer capable of identifying and classifying
modulation techniques automatically.

e Implementation using Software Defined Radio (SDR) for real-time transmission and reception of communication signals.

e Expansion to include advanced modulation techniques such as OFDM, 16-QAM, 64-QAM, and higher-order modulation
schemes used in modern communication systems.

e Investigation and practical implementation of the proposed Time-Frequency Division Multiplexing (TFDM) architecture.
e Extension of the communication framework towards emerging 5G and future 6G communication technologies.

e Integration of Internet of Things (IoT) communication modules for smart monitoring and remote communication
applications.

These enhancements would significantly increase the practical value of the proposed communication system while providing
opportunities for future academic and industrial research.

IX. CONCLUSION

This project successfully designed and simulated an integrated communication system using NI Multisim by implementing a wide
range of analog and digital communication techniques within a single platform. The proposed system demonstrated the successful
generation and analysis of Analog Modulation (AM), Frequency Modulation (FM), Phase Modulation (PM), General Modulation
using Pulse Width Modulation (PWM), Amplitude Shift Keying (ASK), Frequency Shift Keying (FSK), Phase Shift Keying (PSK),
Gaussian Minimum Shift Keying (GMSK), and Quadrature Phase Shift Keying (QPSK). In addition, synchronization circuits using
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sinusoidal, triangular, and rectangular waveforms, along with multiple multiplexing architectures including Time Division
Multiplexing (TDM), Frequency Division Multiplexing (FDM), Code Division Multiplexing (CDM), Wavelength Division
Multiplexing (WDM), and the conceptual Time-Frequency Division Multiplexing (TFDM), were successfully studied and analyzed.

The simulation results verified the theoretical principles of communication engineering and demonstrated the ability to observe and
compare multiple modulation and multiplexing techniques simultaneously. The project provides an effective educational platform
for understanding communication system fundamentals while serving as a basis for future development into hardware-based
implementations, intelligent communication analysis, and next-generation wireless communication technologies. Overall, the
proposed system successfully meets the project objectives and demonstrates the effectiveness of NI Multisim as a comprehensive
simulation tool for communication system design and analysis.

X. REFERENCES

[1] A. Goldsmith, “Wireless communications: Past, present, and future,” IEEE Journal on Selected Areas in Communications, vol. 38, no. 11, pp. 24732486,
Nov. 2020.

[2] T.S. Rappaport et al., “Wireless Communications and Applications Above 100 GHz: Opportunities and Challenges for 6G,” IEEE Access, vol. 7, pp. 78729—
78757, 2019.

[3] M. Agiwal, A. Roy, and N. Saxena, “Next Generation 5G Wireless Networks: A Comprehensive Survey,” IEEE Communications Surveys & Tutorials, vol.
18, no. 3, pp. 1617-1655, 2016.

[4] S.Mumtaz, J. Rodriguez, and L. Dai, “Guest Editorial: Towards 6G Networks,” IEEE Network, vol. 34, no. 3, pp. 4-5, 2020.

[5] M. Giordani et al., “Toward 6G Networks: Use Cases and Technologies,” IEEE Communications Magazine, vol. 58, no. 3, pp. 55-61, Mar. 2020.

[6] Y. Yuan et al., “Potential Key Technologies for 6G Mobile Communications,” Science China Information Sciences, vol. 63, no. 8, 2020.

[7] H. Tataria et al., “6G Wireless Systems: Vision, Requirements, Challenges, Insights, and Opportunities,” Proceedings of the IEEE, vol. 109, no. 7, pp. 1166—
1199, Jul. 2021.

[8] J.G. Andrews et al., “What Will 5G Be?” IEEE Journal on Selected Areas in Communications, vol. 32, no. 6, pp. 1065-1082, Jun. 2014.

[9] E.Bjornson and L. Sanguinetti, “Making 5G Competitive Through New Signal Processing Techniques,” IEEE Signal Processing Magazine, vol. 37, no. 3, pp.
38-47, May 2020.

[10] Z. Xiao, X. Shen, Y. Zeng, D. Niyato, et al., “A Survey on Millimeter-Wave Communications for 5G,” IEEE Communications Surveys & Tutorials, vol. 20,
no. 3, pp. 1616-1653, 2018.

[11] X. Foukas, G. Patounas, A. Elmokashfi, and M. K. Marina, “Network Slicing in 5G: Survey and Challenges,” IEEE Communications Magazine, vol. 55, no.
5, pp. 94-100, May 2017.

[12] M. Nekovee, “A Survey of Cognitive Radio Access to TV White Spaces,” International Journal of Digital Multimedia Broadcasting, vol. 2010, Article ID
236568, 2010.

[13] H. Zhang, N. Liu, X. Chu, K. Long, A. Aghvami, and V. Leung, “Network Slicing Based 5G and Future Mobile Networks,” IEEE Wireless Communications,
vol. 24, no. 5, pp. 88-95, Oct. 2017.

[14] S. Chen, Y. Shi, and J. Zhao, “Artificial Intelligence Assisted Next-Generation Communication Networks,” IEEE Network, vol. 35, no. 5, pp. 36-43, Sep.—
Oct. 2021.

[15] A. A.Zaidi et al., “Waveform and Numerology to Support 5G Services and Requirements,” IEEE Communications Magazine, vol. 54, no. 11, pp. 90-98, Nov.
2016.

[16] S. Haykin, Communication Systems, 5th ed. Hoboken, NJ, USA: John Wiley & Sons, 2009.

[17] B.P. Lathi and Z. Ding, Modern Digital and Analog Communication Systems, 4th ed. New York, NY, USA: Oxford University Press, 2010.

[18] J. G. Proakis and M. Salehi, Digital Communications, 5th ed. New York, NY, USA: McGraw-Hill Education, 2008.

[19] T.S. Rappaport, Wireless Communications: Principles and Practice, 2nd ed. Upper Saddle River, NJ, USA: Prentice Hall, 2002.

[20] W. Tomasi, Electronic Communications Systems: Fundamentals Through Advanced, 5th ed. Upper Saddle River, NJ, USA: Pearson Education, 2004.

IJERTV 1515080117 Page 17
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



