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Abstract- It offers a groundbreaking non-surgical and
removable hearing solution through bone conduction
technology. This innovative device, called the SoundBite
hearing system, helps individuals with hearing loss by using
an intraoral device combined with a microphone on the
impaired ear. The system integrates a GSM modem, Arduino
controller, and audio amplifier to function effectively. The
GSM modem not only receives calls but also answers them
automatically through AT commands. The incoming audio is
converted into low-frequency vibrations, which are
transmitted through the teeth to the cochlea, avoiding the need
for invasive surgery. Unlike traditional bone conduction
hearing aids that require implantation, SoundBite is designed
to be user-friendly, fully removable, and completely non-
invasive.Traditional hearing aids generally focus on external
ear issues and often require surgical procedures for internal
ear problems, which can lead to additional risks. The
proposed device utilizes an Arduino-based digital processor to
convert sound signals into vibrations using a piezoelectric
actuator. These vibrations travel through the bone, delivering
sound directly to the cochlea. The device is designed for
convenience, fitting securely on the upper back teeth without
the need for any dental modifications.
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I. INTRODUCTION

Hearing loss is a widespread health issue that affects
millions of people globally, leading to difficulties in
communication, reduced social engagement, and a diminished
quality of life. Traditional hearing aids, while beneficial for
many, often focus only on amplifying external sounds and
primarily address outer ear issues. They may not effectively
assist individuals with inner ear damage, where the ability to
perceive sound direction and clarity in noisy environments is
compromised. Surgical options, such as cochlear implants and
implantable bone conduction devices, offer solutions for
severe hearing loss but involve high costs, surgical risks, and
potential complications. To provide a more accessible and
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non-invasive alternative, the proposed Intelligent and Smart
Hearing Aid using GSM and Microcontroller introduces a
novel approach based on the principle of bone conduction.
The innovative Sound Bite hearing system is designed as a
removable, intraoral device that works alongside a small
microphone on the impaired ear. This setup allows sound to
bypass damaged ear components by transmitting vibrations
directly through the teeth to the cochlea, enabling clear sound
perception. The system's hardware comprises a GSM modem,
Arduino microcontroller, and audio amplifier. It automatically
answers incoming calls using AT commands, converting audio
signals into low-frequency vibrations via a piezoelectric
actuator.

Low Frequency Hearing Loss Causes

Fig 1.CAUSE OF HEARING LOSS

Unlike traditional hearing aids requiring surgery,
Sound Bite offers a safe, simple, and non-invasive solution.
The device also features wireless capabilities, a rechargeable
battery, and a user-friendly design that fits comfortably on the
upper back teeth without altering the teeth structure. This
project aims to bridge the gap between complex surgical
devices and conventional hearing aids by providing a smart,
effective, and fully removable hearing solution. It not only
restores hearing through bone conduction but also enhances
the user's overall auditory experience in everyday
environments, demonstrating a significant advancement in
hearing assistance technology.

Il. PROBLEM FORMULATION

Hearing loss, particularly sensorineural hearing loss
affecting the inner ear, presents significant challenges to
individuals, impacting their ability to communicate effectively
and leading to social isolation and reduced quality of life.
Conventional hearing aids often amplify external sounds but
may not effectively address inner ear problems, where the
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brain struggles to process sound signals accurately. Such
devices can be inadequate in noisy environments, making it
difficult for users to determine sound direction and clarity.
Furthermore, existing solutions for severe hearing loss, such
as cochlear implants and implantable bone conduction
devices, oftenrequire invasive surgical procedures. These
surgeries come with high costs, potential risks, and recovery
time, limiting their accessibility and acceptance among
users.Current non-surgical hearing aids are also not without
limitations. They primarily address outer ear issues and may
not fully support individuals with complex hearing
impairments. Many traditional devices require complex
setups, are uncomfortable to wear, or necessitate permanent
alterations, such as dental adjustments in bone conduction
systems. Moreover, they might lack advanced features like
automatic call reception, seamless integration with
communication technologies, or effective sound transmission
methods. The proposed Intelligent and Smart Hearing Aid
using GSM and Microcontroller introduces an innovative
approach to address these challenges. The SoundBite hearing
system utilizes bone conduction technology to bypass
damaged ear components and directly stimulate the cochlea
through vibrations transmitted via the teeth. The system
integrates a GSM modem, Arduino microcontroller, and audio
amplifier to process sound signals efficiently. The device is
designed to receive incoming calls, convert audio signals into
low-frequency vibrations using a piezoelectric actuator, and
transmit them through bone conduction, offering a safe, non-
invasive alternative to traditional hearing aids.This project
aims to develop a user-friendly, fully removable device that
enhances the auditory experience without requiring surgery or
dental modifications. By leveraging AT commands for
automatic call answering and incorporating wireless
capabilities, the system promises to provide an accessible,
cost-effective, and comfortable hearing solution. The primary
goal is to deliver a safe, effective, and innovative hearing aid
that improves the quality of life for individuals with hearing
impairments by offering a non-surgical yet technologically
advanced option.

I1l. RELATED WORK

A. Sharma & R. Gupta (2023) [1] Design of
Microcontroller-Based Hearing Aid with GSM Functionality.
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& L. Zhang (2022) [3] Smart Hearing Aid Systems Utilizing
Arduino and GSM Modules. J. Kim & H. Lee (2022) [4]
Development of a Removable Hearing Aid Using Bone
Conduction. S. Gupta & N. Verma (2022) [5] GSM-Enabled
Hearing Aids with Automatic Call Handling. F. Martinez &
M. Hernandez (2022) [6] Piezoelectric Actuator Application
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in Hearing Aid Devices. N. Singh & R. Thakur (2021) [7] A
Novel Approach to Non-Surgical Hearing Aids Using
Arduino. G. Chen & Y. Liu (2021) [8] SoundBite Hearing
System: A GSM-Based Bone Conduction Device. L. Brown &
C. White (2021) [9] Microcontroller-Based Hearing Solutions
with GSM Integration. P. Sharma, R. Nair & V. Kapoor
(2021) [10] Wireless Communication in Hearing Aids using
GSM Technology. E. Lopez & S. Garcia (2021) [11]
Enhancing Hearing Aid Functionality through Bone
Conduction. R. Kumar & S. Mehta (2021) [12] Development
of an Intelligent Hearing Aid with GSM and Microcontroller.
A. S. Humeira& B. N. Ramesh (2020) [13] Non-Invasive
Hearing Aid Design Using Embedded Systems. D. Patel & H.
Singh (2020) [14] GSM-Based Smart Hearing Aids with Bone
Conduction. K. Yamada & H. Tanaka (2020) [15] Evaluation
of Bone Conduction in Non-Surgical Hearing Devices.

IVV. DESIGN AND DEVELOPMENT

The system for developing the Intelligent and Smart
Hearing Aid using GSM and Microcontroller is a multi-stage
process incorporating hardware design, software development,
integration, and testing. The approach begins with identifying
the specific needs of individuals with hearing impairments,
particularly those who can benefit from bone conduction
technology. The design phase involves creating a detailed
block diagram and selecting suitable components such as the
Arduino microcontroller, GSM modem, audio amplifier, and
piezoelectric actuator. The system is designed to capture
sound, convert it into vibrations, and deliver these vibrations
through the bone conduction pathway to the cochlea. The
GSM module integration allows the device to handle incoming
calls automatically, enhancing its utility as both a hearing aid
and a communication device. Prototyping involves building a
functional model, followed by iterative testing and refinement
to improve performance, safety, and user comfort. Each
development stage is accompanied by thorough
documentation and evaluation to ensure compliance with
medical device standards.

www.ijsart.com



IJSART - Volume 11 Issue 3 - MARCH 2025

Input Audio Mic to Recelve | Audio filter
ignal i — &
L voice
Audio Amplifier
GsMModem K—> UMT {—)
| Converter A fina
Controller
Power Unit D
girey ) Vo}ce to
Cochlea | Vibration Soundbite v Frequency
Strip ‘ Sensor ¥ converter

Fig 2. BLOCK DIAGRAM
V. METHODOLOGY

The intelligent hearing aid system incorporates a
variety of advanced components to deliver an effective and
user-friendly experience. At its core is an Arduino
microcontroller, which manages the processing of audio
signals and coordinates system functions. The SIMB800A GSM
module is a key component that enables the device to receive
phone calls directly. Integrated with the GSM module is an
automatic call receiver feature, which utilizes AT commands
to automatically answer incoming calls without requiring user
intervention. The audio processing section includes an audio
amplifier that boosts sound signals for clear output. A
piezoelectric actuator converts these electrical signals into
low-frequency vibrations, transmitting sound to the cochlea
through bone conduction. The device also features a
microphone for capturing external sounds, allowing the
hearing aid to amplify ambient audio as well as phone call
audio. To support its wireless and portable nature, the system
is powered by a rechargeable battery, offering long-lasting
performance. Additionally, an optional speaker can be
included to provide standard audio output when needed. These
components are seamlessly integrated to create a non-invasive,
efficient, and fully automated hearing aid that enhances both
hearing and communication.

1. ARDUINO IDE

Arduino is a tool for making computers that can
sense and control more of the physical world than your
desktop computer. It's an open-source physical computing
platform based on a simple microcontroller board, and a
development environment for writing software for the board.
Arduino can be used to develop interactive objects, taking
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inputs from a variety of switches or sensors, and controlling a
variety of lights, motors, and other physical outputs. Arduino
projects can be stand-alone, or they can be communicate with
software running on your computer. The boards can be
assembled by hand or purchased preassembled; the open-
source IDE can be downloaded for free. The Arduino
programming language is an implementation of Wiring, a
similar physical computing platform, which is based on the
Processing multimedia programming environment. The
Arduino Uno is a microcontroller board based on the
ATmega328.1t has 14 digital input/output pins (of which 6 can
be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic
resonator, a USB connection, a power jack, an ICSP header,
and a reset button. It contains everything needed to support the
microcontroller; simply connect it to a computer with a USB
cable or power it with a AC-to-DC adapter or battery to get
started. The Uno differs from all preceding boards in that it
does not use the FTDI USB-to-serial driver chip. Instead, it
features the Atmegal6U2 (Atmega8U2 up to version R2)
programmed as a USB-to-serial converter.

Fig 3. ARDUINO IDE

2. PROGRAMMING LANGUAGE

The Arduino programming language is an
implementation of Wiring, a similar physical computing
platform, which is based on the Processing multimedia
programming environment. The Arduino programming
language is a simplified version of C/C++.
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Fig 4. PROGRAMME
3. GSM MODULE

Global system for mobile communication (GSM) is a
globally accepted standard for digital cellular communication.
GSM is the name of a standardization group established in
1982 to create a common European mobile telephone standard
that would formulate specifications for a pan-European mobile
cellular radio system operating at 900 MHz. In addition to the
standard AT commands, GSM modems support an extended
set of AT commands. These extended AT commands are
defined in the GSM standards. With the extended AT
commands, you can do things like: Reading, writing and
deleting SMS messages, Sending SMS messages, Monitoring
the signal strength, Monitoring the charging status and charge
level of the battery, Reading, writing and searching phone
book entries.

Fig 5. GSM MODULE WITH ANTENNA

4. OUTPUT DESIGN
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Fig 6. DESIGN OF HEARING AID WITH AUTOMATIC
CALL RECIEVER

VI. RESULT AND DISCUSSION

The Intelligent and Smart Hearing Aid using GSM
and Microcontroller demonstrated promising  results,
showcasing its effectiveness as a non-surgical, bone
conduction-based hearing solution. The device successfully
captured audio signals, processed them through the Arduino
microcontroller, and converted them into low-frequency
vibrations using the piezoelectric actuator. These vibrations,
transmitted through the teeth to the cochlea, provided clear
and audible sound to individuals with hearing impairments.
The device's ability to automatically handle incoming phone
calls via the GSM module added a valuable communication
feature, setting it apart from traditional hearing aids.The
system's performance was evaluated across multiple
parameters, including sound clarity, vibration efficiency, call
handling, and overall usability. During testing, the device
consistently maintained high audio fidelity, with minimal
distortion in both normal and noisy environments. The
piezoelectric actuator produced vibrations within a safe and
effective frequency range, ensuring comfort and avoiding any
adverse sensations. The GSM modem, integrated through the
UART converter, managed call operations efficiently,
providing seamless communication through the hearing aid.
The automatic call answering feature, driven by AT
commands, functioned reliably, reducing the need for manual
intervention. The power unit supported the system's
components well, contributing to a satisfactory battery life,
allowing extended usage without frequent
recharging.Feedback from test users indicated that the device
was comfortable to wear and provided significant
improvement in hearing capabilities. The device’s design,
which allowed it to fit on the upper back teeth without
modifying the dental structure, was particularly well-received.
Users highlighted the convenience of the wireless design and
the ease of switching between hearing aid and phone call
modes. The sound quality during phone calls was clear, with
the microphone effectively capturing voice input even in

www.ijsart.com



IJSART - Volume 11 Issue 3 - MARCH 2025

challenging environments. The bone conduction mechanism
provided a natural sound experience, with vibrations perceived
as normal hearing rather than as mechanical feedback. When
compared to conventional hearing aids, the proposed device
offered several advantages. Traditional hearing aids often
amplify external sounds, which can be problematic in noisy
settings. In contrast, the bone conduction method used in this
system directly stimulates the cochlea, reducing background
noise interference. The non-surgical design eliminates risks
associated with implantable hearing aids, such as infection or
surgical complications. Additionally, the GSM-enabled
functionality expands the device’s utility, making it not only a
hearing aid but also a practical communication tool. The
device’s rechargeable battery and low power consumption
further enhanced its appeal, offering both economic and
practical benefits to users. Despite its strengths, the project
encountered some challenges. The size of the components,
including the Arduino controller and GSM module, required
careful integration to maintain a compact and comfortable
form factor. Ensuring consistent signal processing in varying
sound environments was another challenge, necessitating
advanced filtering algorithms in the microcontroller. During
testing, there were instances where strong external vibrations
slightly affected the sound quality, suggesting the need for
better isolation of the piezoelectric actuator. Additionally,
while the GSM module performed well, maintaining signal
strength in low-network areas could be improved with
advanced antenna design.

VII. CONCLUSION

Overall, the results indicate that the Intelligent and
Smart Hearing Aid using GSM and Microcontroller is a viable
and innovative solution for individuals with hearing
impairments. The combination of bone conduction
technology, microcontroller-based processing, and GSM
communication creates a multi-functional device that meets
both hearing and communication needs. The project not only
achieved its primary goal of providing a non-invasive hearing
aid but also introduced features that could transform how
hearing aids function, offering both medical and technological
benefits. The project opens the door to several future
enhancements. Implementing advanced digital signal
processing (DSP) techniques could improve audio clarity
further,  particularly  in  high-noise  environments.
Miniaturization of components through the use of custom
PCBs and smaller microcontrollers could enhance the device’s
comfort and aesthetics. The integration of Bluetooth
technology could allow for wireless audio streaming,
enhancing functionality for listening to media and interacting
with smart devices. Another potential improvement is the
inclusion of adaptive algorithms that could automatically
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adjust vibration intensity based on ambient noise levels,
providing a more personalized and dynamic hearing
experience.
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