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Abstract:

Wireless communication is crucial for the modern technology,
because it allows data to be sent seamlessly across a range of settings.
However, communication in underwater situations is particularly
difficult because of the physical characteristics of water, which greatly
reduce the efficiency of conventional radio frequency (RF) signals.
Therefore, underwater communication systems mainly rely on acoustic
signals, which behave differently from RF signals in air. The project
deals with a simulation and comparative study of underwater acoustic
communication and RF communication with audio signals as input. The
system was developed in Python and Flask and provides a web-based
interface for users to upload audio files and visualize the transmission of
signals over both communication channels.

The simulation models the real-world effects, such as noise,
attenuation, multipath propagation, and signal distortion. The Bit Error
Rate (BER) and Signal-to-Noise Ratio (SNR) are the performance
measurements used to assess communication efficiency. The system is
equipped with advanced signal processing techniques, such as Fast
Fourier Transform (FFT) and Frequency Shift Keying (FSK)
modulation, to analyze the frequency components and behavior of digital
transmission. The project provides users with clear understanding of
differences between Acoustic and RF communication systems,
especially with regard to reliability, efficiency, and environmental
constraints.
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The system is intended as an educational tool for engineering students and researchers to learn the principles of
wireless communication in a practical and interactive manner.
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1. INTRODUCTION

In today's world, wireless communication has
become one of the most crucial technologies,
enabling seamless communication and efficient
information transfer in numerous applications,
including mobile telephony, satellite communication,
Internet of Things (IoT), remote sensing, autonomous
vehicles, medical monitoring, and automation. Radio
Frequency (RF) communication is the most common
method of communication in the conventional
environment of air and open land because it can travel
at a very high speed over long distances with low
latency. Wi-Fi, Bluetooth, mobile phones, radar, and
satellite communication technologies are all based on
RF communication. However, RF communication is
not very efficient in underwater environments, where
water absorbs electromagnetic waves rapidly,
particularly at higher frequencies. The conductivity,
density, and salinity of water result in a significant
loss of RF signals, restricting their own effective
range to only a few meters in many of the cases. It
will become a significant problem for underwater
communication systems while used for underwater
exploration, environmental sensing, military
applications, offshore drilling, underwater robotics,
and earthquake prevention systems.

Underwater communication systems mainly rely
on acoustic waves that can propagate over longer
distances in water than RF to achieve longer
underwater = communication ranges. Acoustic
communication systems transmit data using sound
waves and commonly wused for submarine
communication, underwater sensor networks,
Autonomous Underwater Vehicles (AUVs), remotely
operated vehicles, oceanographic data collection, and
other applications. Although acoustic communication
has a longer range in water, sometimes it is hampered
by several technical issues, including narrow
bandwidth, low propagation speed, multipath fading,
doppler shift, background noise, signal scattering, and
increased latency and it becomes direct impact on data
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quality. Therefore, it is vital to understand the
characteristics of both RF and acoustic
communication channels to develop effective
underwater communication systems. This project
aimed to model and compare underwater acoustic
communication systems with traditional RF
communication systems using audio signals as main
input for data transmission. The system was
developed by the Python programming language
because the availability of various libraries for signal
processing, numerical and scientific computing, and
data visualization, and the Flask framework was used
to develop a web interface. This platform allows users
to upload audio signals and view their transmission
through RF and underwater acoustic channels under
various conditions. The simulation offers an
interactive platform for users to explore the
differences in signal before and after transmission,
thereby enabling them to experience the challenges of
practical communication systems. The project
includes practical channel distortions, such as
attenuation, noise, interference, multipath fading, and
distortion, to simulate real-world underwater and
wireless communication environments. To examine
the spectrum and different frequency components of
the signal, FFT was used to convert the signals from
the time to the frequency domain. Frequency-shift
keying (FSK) modulation is also applied to
demonstrates digital data encoding and transmission
over various channels.

In addition, various communication performance
metrics, such as the Signal-to-Noise Ratio (SNR), Bit
Error Rate (BER), delay and signal strength, were
determined to compare the two communication
techniques. It educates students, engineers, and
researchers about the reasons why RF communication
is efficient in air but not underwater and why acoustic
communication is still the best choice despite its
drawbacks. The project offers a simulation platform
to learn and experiment with wireless communication
principles and their practical implementation. It also
promotes further research on hybrid underwater
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communication systems that may include acoustic,
optical, and low-frequency RF communication
technologies for smart oceans. Therefore, this project
provides a learning, experimentation, and
performance analysis platform for the emerging area
of underwater wireless communication.

2. LITERATURE SURVEY

John Heidemann, Wei Ye, Jack Wills (2006)
This paper is considered one of the foundational
studies in the field of underwater wireless
communication. The authors discussed the growing
importance of underwater sensor networks for
scientific, military, and commercial applications,
such as ocean monitoring, tsunami warning systems,
pollution detection, offshore exploration, and
submarine communication. They explained that
traditional  terrestrial ~wireless communication
methods cannot be directly applied underwater
because RF signals cannot propagate efficiently
through water. Therefore, acoustic communication is
the primary medium for underwater data
transmission. This paper analyzed major technical
challenges, such as limited bandwidth, long
propagation delay, node mobility caused by water
currents, signal fading, and high energy consumption.
It also emphasizes that underwater communication
systems require special routing protocols, power
management  strategies, and  synchronization
mechanisms. This work is highly relevant to the
present project because it highlights why underwater
acoustic communication behaves differently from RF
communication and why a comparative analysis is
necessary. This study provides strong theoretical
support for using simulation tools to evaluate
performance metrics such as delay, noise effect, and
signal attenuation.

2lan F. Akyildiz, Dario Pompili, Tommaso
Melodia (2005), this paper presented a detailed
overview of underwater acoustic sensor networks and
compared them with terrestrial wireless sensor
networks. The authors explained that underwater
communication depends mainly on acoustic waves
because sound can travel much farther in water than
in electromagnetic signals. However, this paper also
discusses the drawbacks of acoustic systems, such as
low data rate, high bit error probability, multipath
interference, variable channel conditions, and long
end-to-end delay. The authors proposed that advanced
signal processing and adaptive communication
protocols are required to improve the system
performance. They also examined the effects of
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environmental parameters such as like temperature,
salinity, depth, and pressure on signal propagation.
This study is directly connected to the present project
because the project simulates underwater acoustic
transmission by including channel noise, attenuation,
and distortion. The concepts of Signal-to-Noise Ratio
(SNR) and Bit Error Rate (BER) used in this project
are strongly supported by the findings of this research

paper.

Milica Stojanovic (2007), focused on improving
the data transmission speed of underwater acoustic
communication systems. Traditionally, acoustic
channels are slow and suffer from severe distortion,
which limits their practical use in real-time
applications. The author studied modern techniques
such as adaptive equalization, multicarrier
modulation, channel estimation, and error correction
methods to increase communication reliability and
speed. This paper highlights that underwater acoustic
communication channels are highly time-varying
owing to the movement of water, obstacles, and
reflections from the sea surface and seabed. These
factors cause signal fading and inter-symbol
interference (ISI). The author demonstrated that the
quality of underwater communication can be
significantly enhanced using proper signal processing
algorithms. This study is highly relevant to the present
project because it justifies the use of FFT analysis and
digital modulation techniques, such as FSK, to
evaluate communication quality. It also supports the
idea of comparing traditional RF systems with
underwater acoustic channels in noisy conditions.

“Theodore S. Rappaport (2002), this paper
provides comprehensive knowledge about Radio
Frequency (RF) communication systems used in
mobile networks, Wi-Fi, satellite links, and wireless
broadband systems. The author explains important
wireless concepts, such as path loss, fading,
modulation, bandwidth efficiency, antenna design,
and noise analysis. RF communication in air is
generally fast, efficient, and suitable for high-data-
rate applications. However, the paper also explains
that RF signals are strongly affected by environmental
barriers such as walls, terrain, weather, and water. In
underwater environments, RF signals experience
extreme attenuation and cannot support long-range
communication. This study is useful for the present
project because it forms the theoretical basis for
simulating RF communication performance and
comparing it  with  underwater  acoustic
communication. Parameters such as the SNR, channel
loss, and signal distortion used in this project were
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derived from standard RF communication principles
explained in this reference.

Simon Haykin (2001), this paper presents the
fundamental principles of analog and digital
communication systems including modulation,
demodulation, filtering, noise reduction, coding, and
spectral analysis. The author explained how digital
modulation methods, such as Frequency Shift Keying
(FSK), Amplitude Shift Keying (ASK), and Phase
Shift Keying (PSK), are used for reliable data
transmission. It also discusses the Fourier Transform
techniques for analyzing signals in the frequency
domain. These concepts were directly applied in the
current project, where FFT was used to study the
signal frequency components and FSK modulation
was used to simulate digital communication through
RF and underwater acoustic channels. The literature
supports the use of Python-based signal-processing
tools for practical communication analysis. This is

especially  valuable for understanding how
transmitted signals degrade owing to noise and how
communication quality can be  measured
scientifically.

3. EXISTING SYSTEM

Current communication systems in real-world
applications fall into two primary categories: land-
based Radio Frequency (RF) communication and
traditional underwater acoustic communication. RF
systems are extensively utilized across terrestrial and
airborne settings, powering technologies such as
cellular networks, Wi-Fi connections, Bluetooth
connectivity, satellite communications, and remote
sensing equipment. These technologies enable fast
data transmission, minimal delays, and dependable
connections through the air. Nevertheless, RF
systems  experience  significant  performance
degradation when deployed underwater because of
the rapid absorption of electromagnetic waves by
water, particularly in the medium-to high-frequency
ranges. This limitation renders RF communication
impractical for extended underwater transmission
distances. Underwater environments address this
challenge by primarily relying on acoustic
communication technologies. These systems employ
sound waves for information transmission through
water and have widespread applications in submarine
operations, underwater robotics, marine surveillance
networks, oceanographic sensing equipment, and
military uses. Sound waves propagate more
effectively through water than RF signals,
establishing acoustic communication as the preferred
method for underwater data transmission. Current
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underwater acoustic systems achieve greater
transmission ranges than underwater RF signals;
however, they encounter numerous technical
challenges, including limited bandwidth, reduced
transmission rates, extended latency periods, and
signal degradation and disruption from surface and
seafloor reflections. Most conventional systems
concentrate  exclusively on actual hardware
implementation & specialized equipment, resulting in
expensive solutions that present learning barriers for
students and newcomers. Few educational resources
exist that enable users to conduct practical
comparisons between RF and underwater acoustic
communication using identical input signals. Current
systems also lack accessible web-based simulation
platforms where users can upload audio files,
examine transmission characteristics, and assess
performance using metrics such as the Signal-to-
Noise Ratio (SNR) and Bit Error Rate (BER). This
creates a demand for an interactive comparison
simulation platform that can illustrate both
communication approaches in an accessible and
practical format.

3.1. LIMITATIONS OF EXISTING SYSTEM

3.1.1. Poor RF Performance Underwater

Traditional RF communication systems cannot
operate efficiently underwater because
electromagnetic waves experience severe attenuation
in water, resulting in extremely short communication
range.

3.1.2. Low Data Rate in Acoustic Communication

Existing underwater acoustic systems generally
provide slower data transmission compared to RF
systems used in air, limiting real-time multimedia
communication.

3.1.3. High Propagation Delay

Sound waves travel much slower than radio waves,

causing noticeable delay in underwater acoustic

communication systems.

3.1.4. Multipath and Signal Distortion
Reflections from underwater surfaces, obstacles, and

seabed create multipath propagation, which leads to
signal fading and distortion.
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3.1.5. High Noise Interference

Marine life activity, ship engines, waves, and
environmental disturbances introduce significant noise
into underwater channels.

3.1.6. Expensive Hardware Setup

Most existing communication testing systems require
specialized sensors, hydrophones, antennas, and
underwater devices, increasing implementation cost.

3.1.7. Limited Educational Tools

There are very few user-friendly software platforms for
students to study and compare RF and underwater
communication practically.

3.1.8. Lack of Comparative Analysis

Many systems focus only on a single communication
method rather than comparing both RF and acoustic
channels under similar conditions.

3.1.9. Complex Operation

Traditional communication analysis tools often require
advanced technical knowledge, making them difficult
for beginners and students to use.

3.1.10. Insufficient Visualization Features

Existing systems often do not provide clear graphical
analysis such as waveform comparison, FFT spectrum
analysis, BER charts & SNR evaluation in an
interactive manner.

4. PROPOSED SYSTEM

This system is a tool that helps us see how well
underwater acoustic communication works compared
to Frequency communication methods. We use audio
input signals to test this. Using Python and the Flask
framework, it has a web interface where users can
upload audio files. When you upload a file the system
sends the signal through two paths: an underwater
acoustic channel and Radio Frequency channel. This
way users can see how the signals behave in
environment. It includes problems like signals getting
background noise and interference. These problems
affect each type of signal differently so we can see
what would happen in a real-world situation. After the

© 2026 The . Published by

ISSN: 3108-1754 (Online) ‘ .
Volume 02 Issue 05 May-2026 | Impact Factor: 3.5 Xupmet¥

signal is sent the system looks at the signal and the
signal that was received. It checks to see how well the
signal was sent and which path worked better.

The system uses techniques to make this process
more accurate. FFT is used for transform signals from
time to frequency domain. This helps us look at the
signal in detail. We also use something called
Frequency Shift Keying to see how digital
information is sent through each type of signal. It
calculates BER and SNR. These metrics help users
see which type of communication works better in
situations. This system is mostly for students,
engineers and researchers. It helps them learn about
communication without having to buy expensive
equipment. The system uses graphs and charts to help
users understand how underwater acoustic and Radio
Frequency communication work. It shows us the bad
things about each type of communication. The system
is an easy way to test how well communication
systems work. The system is a tool, for people who
want to learn about underwater acoustic
communication and Radio Frequency
communication.

5. ADVANTAGES OF PROPOSED SYSTEM

Comparative Communication Analysis — Enables
direct comparison between underwater acoustic and
RF communication using the same signal.

Web-Based User Interface — Provides an interactive
and easy-to-use platform developed with Flask for
signal testing.

Realistic Channel Modeling — Simulates real-world
effects like attenuation, noise, distortion, and
multipath propagation.

Cost-Effective System — Eliminates the need for
expensive underwater or RF hardware.

Educational Tool — Enhances understanding of
wireless ~ communication  through  practical
experimentation.

Advanced Signal Processing — Utilizes techniques
like Fast Fourier Transform and Frequency Shift
Keying for analysis.

Performance Evaluation Metrics — Calculates key
parameters such as SNR, BER, and signal loss for
comparison.
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Graphical Data Visualization - Displays
waveforms, spectra, and comparison graphs for better
insight.

User-Friendly Design — Accessible to beginners,
students, and researchers without requiring advanced
expertise.

Scalable  Architecture —  Supports future
enhancements like optical communication, Al
filtering, and real-time integration.

6. ALGORITHM

Step 1: Start the System — Initialize Python
environment and launch the Flask server with
required libraries.

Step 2: Upload Input Audio File — Allow user to
upload an audio file and extract its key parameters.

Step 3: Preprocess Input Signal — Normalize and
clean the signal, then convert it into digital sample
format.

Step 4: Generate Communication Channel —
Create underwater acoustic and RF channels with
different characteristics.

Step 5: Apply Modulation Technique — Encode the
signal using Frequency Shift Keying or similar
techniques.

Step 6: Simulate RF Communication Channel —
Transmit signal through RF channel with low
attenuation, noise, and minimal distortion.

Step 7: Simulate Underwater Acoustic Channel —
Transmit signal through acoustic channel with delay,
attenuation, multipath, and noise effects.

Step 8: Perform Signal Analysis — Analyze signals
in frequency domain using Fast Fourier Transform.

Step 9: Calculate Performance Metrics — Compute
SNR, BER, delay, signal strength, and distortion.

Step 10: Compare Results — Evaluate RF and
acoustic channel performance based on calculated
metrics.

Step 11: Display Output — Present waveforms,
spectra, and comparison charts on the web interface.
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7. SYSTEM ARCHITECTURE
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Figure 1: Simulation Architecture

The architecture diagram represents the
workflow of the proposed system for comparative
analysis of underwater acoustic communication and
Radio Frequency (RF) communication using audio
signals. When the user interacts with the system
through a web browser, the process begins with the
User Module. In this stage, the user uploads an audio
file that acts as the input signal and requests the
system to perform simulation and performance
analysis. This module is important because it provides
a simple and interactive environment for users
without requiring any advanced technical knowledge.
Users can also view processed outputs, comparison
graphs, and final results through the same interface.

The uploaded input is transferred to the Web
Interface Module, which is developed by using Flask.
This module acts as the connection between the user
and the backend processing system. It receives the
uploaded file, manages user requests, controls system
parameters, and sends data to internal modules for
processing. Flask enables fast execution, dynamic
web page rendering, and smooth communication
between frontend and backend components. This
module ensures through a browser-based platform
and the entire system operates efficiently. After
receiving the file, the signal moves to the Audio Input
Processing Module. In this stage, the uploaded audio
file is read and converted into a digital signal format
suitable for analysis. Important properties such as
sampling rate, amplitude, duration, and waveform
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structure are extracted. The signal is normalized so
that its amplitude remains within a standard range. If
unwanted noise or silence exists in the audio, filtering
techniques are applied to improve signal quality or
remove noise.

This pre-processing stage is essential because
accurate communication simulation depends on a
clean and properly formatted input signal. The
processed signal is then passed to the Modulation
Module. Communication systems cannot directly
transmit raw data efficiently, so modulation
techniques are used to encode the signal onto carrier
frequencies. In this project, where digital bits are
represented by different frequencies by using FSK.
This module converts the input audio/data into a
transmittable signal format suitable for both RF and
underwater acoustic channels. Modulation is a critical
step because it demonstrates practical digital
communication methods used in real-time wireless
systems. Once modulation is completed, the signal is
divided into two separate paths for comparison. The
first path enters the RF Communication Channel
Module. This module simulates wireless transmission
through air using radio frequency principles. It
introduces realistic conditions such as low
attenuation, minor environmental noise, and fast
propagation speed. Since RF signals travel rapidly in
air, this channel generally provides faster and clearer
transmission. The resulting output is stored as the RF
received signal for later comparison. This part of the
architecture helps wusers understand why RF
communication is widely used in terrestrial systems
such as mobile networks, Wi-Fi, and satellite links.
Now, the second path enters the Underwater Acoustic
Channel (UAC) Module, which simulates
communication through water using sound waves.

Since RF signals are ineffective underwater,
acoustic waves are used instead. This UAC module
introduces practical underwater effects such as high
attenuation, slow propagation speed, multipath
propagation caused by reflections from the water
surface, marine environmental noise, fading, signal
delay, etc. These effects can reduce communication
efficiency compared to RF systems. The output
generated from this module is stored as the acoustic
received signal. This stage clearly demonstrates the
challenges involved in underwater communication
systems. Both received signals are then sent to the
Signal Analysis Module. In this module, advanced
Digital Signal Processing methods are used to study
the characteristics of transmitted and received signals.
FFT transforms a signal from time domain to
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frequency domain, making it possible to see which
frequencies are present in a signal.

After transmission, users can observe
frequency shifts, spectrum distortion, bandwidth
usage, and signal energy distribution through FFT
analysis. This module plays a major role in
technically analyzing how communication channels
affect the original signal. Next, the outputs move to
the Performance Evaluation Module, where important
communication parameters such as Signal-to-Noise
Ratio (SNR), Bit Error Rate (BER), propagation
delay, signal strength, and distortion percentage are
calculated and measured separately for RF and
acoustic channels. These parameters provide a
numerical basis for evaluating channel quality. High
SNR and low BER indicates better communication
performance. But higher delay and distortion indicate
weaker performance. This module converts raw
simulation results into measurable engineering
values. After evaluation, the data is passed to the
Comparative Analysis Module for comparing the
results obtained from RF communication and
underwater acoustic communication side by side. It
identifies which channel provides better efficiency,
reliability, and quality under selected environmental
conditions. Typically, RF communication performs
better in air, not better in underwater. This
comparison helps students and researchers understand
the strengths and weaknesses of each communication
medium. Finally, the system sends the outputs to the
Visualization and Report Module to presents the
results in graphical and user-friendly formats such as
waveform displays, FFT spectrum graphs, BER
charts, SNR comparison plots, and performance
tables. Visualization makes users to interpret results
quickly and easier to wunderstand complex
communication.

Overall, the architecture integrates web
technology, signal processing, communication
theory, and comparative analysis into a single
efficient platform for learning underwater and its
wireless communication systems.

8. SYSTEM REQUIREMENTS

8.1. HARDWARE REQUIREMENTS
e Processor —Core i3
e Hard Disk — 160 GB
e Memory — 1GB RAM

e  Monitor
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8.2. SOFTWARE REQUIREMENTS
e  Windows 7 or higher
e Python
¢ Pycharm IDE

9. SOFTWARE DESCRIPTION

PyCharm

PyCharm is a powerful Integrated Development
Environment designed for efficient coding,
debugging, and project management, making it ideal
for developing complex applications, while Python is
widely used due to its simple syntax, cross-platform
support, and extensive libraries that enable signal
processing, data visualization, and web development;
together, PyCharm and Python provide a fast,
organized, and reliable environment for building
simulation-based systems, including those using
frameworks like Flask for interactive interfaces.

10. CONCLUSION

On the comparative analysis of underwater
acoustic communication and Radio Frequency (RF)
communication successfully demonstrates the
behavior, performance, and limitations under
different environmental conditions of two important
wireless communication technologies. System was
developed using Python and Flask to provide an
interactive web-based platform where users can
upload audio file signals and observe how they are
transmitted through RF and underwater acoustic
channels. This helps the users to wunderstand
theoretical communication concepts through real-
time simulation and visualization. The project clearly
shows that RF communication performs efficiently in
air due to high transmission speed, low delay, and
better signal quality. However, RF signals are highly
ineffective in underwater because electromagnetic
waves experience severe attenuation in water.

ISSN: 3108-1754 (Online)
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On the other hand, underwater acoustic
communication is suitable for marine environments
because sound waves can travel longer distances in
water. Nevertheless, acoustic communication suffers
from low bandwidth, slower propagation speed,
multipath fading, signal distortion, and environmental
noise. Through performance metrics such as Signal-
to-Noise Ratio (SNR), Bit Error Rate (BER), delay,
and spectrum analysis, the system effectively
compares both communication methods and
highlights their strengths and weaknesses. The
integration of advanced DSP techniques such as FFT
and FSK, further enhances the educational and
technical value of the project.

The graphical outputs, waveform analysis,
and comparative charts make the system highly useful
for students, researchers, and engineers. Overall, the
project serves as an efficient low-cost simulation
platform for studying wireless communication
principles, underwater transmission challenges, and
channel performance analysis. For user-friendly
manner, it bridges the gap between practical
implementation and academic theory.

11. RESULT
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Advanced Communication

The resulting images shows developing an
Advanced Communication Simulator for analysis of
RF and Acoustic communication. The system
conducted an Acoustic SNR analysis, RF
communication simulation, BER evaluation, FFT
spectral analysis. At-last, it shows a clear graphical
comparison of two signals, audio outputs, BER/FFT
visualizations.
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