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Annotation: Deaf and hard-of-hearing people
face difficulties in identifying the sources of ambient
sounds, which can expose them to daily risks and limit
their integration into society. This research aims to
develop a system based on artificial intelligence and
sensors to analyze sound directions and inform the
user via visual or vibrational signals. A prototype of
the system was designed and field-tested, and the
results achieved an accuracy of up to 85% in
identifying sound directions in different environments.
This project contributes to improving the quality of life

for the deaf community by enhancing their
environmental awareness and promoting their
independence.
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1. Introduction:

Hearing loss poses a significant challenge that impacts individuals' lives in terms of personal
safety and social interaction. The ability to locate the sources of sounds plays an essential role in
daily navigation, especially in urban environments filled with various sounds. Without this
ability, deaf individuals become more vulnerable to accidents and have difficulty responding to
ambient alarms. With the advancement of technology, new technologies have emerged that can
help this group overcome this challenge. This research aims to design and develop a technical
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system based on artificial intelligence and sensors to help deaf individuals accurately locate the
directions of sounds. The system relies on omnidirectional microphones that capture and process
sound to extract information about its direction. This information is transmitted to the user
through visual signals and vibrations, enabling them to understand their surroundings more
effectively. Through this project, we aim to improve the quality of life and enhance
independence for deaf individuals, allowing them greater security and the ability to interact with
their environment. The research also explores future possibilities for developing this system and
making it more accurate and effective for everyday use.

2. Project objectives:

1. Develop an innovative technical system that helps deaf and hard-of-hearing people identify
the direction of ambient sounds.

2. Use artificial intelligence and sensor technologies to accurately analyze and process audio
data.

3. Improve the personal safety of deaf individuals by enabling them to respond to important
sounds such as car sounds or alarms.

4. Enhance the independence of deaf individuals by providing an effective means of assistance
in their daily lives.

5. Test the effectiveness of the system in different environments and improve its performance to
become more accurate and reliable.

6. Integrate easy-to-understand user interfaces based on visual and vibration cues.

7. Explore the possibilities of developing the system in the future by incorporating augmented
reality technologies to enhance the user experience.

S

. Methodology and tools:

The system is designed using sensitive omnidirectional microphones connected to a central
processing unit (CPU) powered by artificial intelligence algorithms. The system is integrated
into a wearable device, providing the user with visual alerts via LED lights or vibrations via
smart bracelets. Project tools include:

4.1. Arduino Uno

The Arduino UNO is a microcontroller board that utilizes the ATmega328P chip. It features 14
digital input/output pins, of which 6 are capable of functioning as PWM outputs, along with 6
analog inputs. The board is equipped with a 16 MHz ceramic resonator, a USB interface, a
power jack, an ICSP header, and a reset button. It includes all necessary components to operate
the microcontroller; you can easily connect it to a computer via a USB cable or power it using an
AC-to-DC adapter or a battery to begin your projects. You can experiment with your UNO with
minimal risk, as the worst-case scenario involves replacing the chip for a small cost and starting
anew.

Fig (1); Arduino Uno.
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4.2. LCD Screen (16x2 display)

This type of electronic display module is utilized across a wide array of applications, including
various circuits and devices such as mobile phones, calculators, computers, and televisions.
These displays are particularly favored for their use of multi-segment light-emitting diodes and
seven-segment configurations. The primary advantages of this module include its low cost, ease
of programming, capability for animations, and the flexibility to display custom characters,
special symbols, and animations without restrictions.
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Fig (2): 16x2 display.
4.3. Sound Sensor Detect

A sound detector is an electronic device that detects changes in sound intensity and converts it
into an electrical signal. It relies on a small microphone to capture sound waves and convert
them into a measurable voltage. This signal is used to control devices or alert systems when a
certain sound level is exceeded. The sensor typically includes signal amplification and filtering
circuitry to ensure an accurate response. Its sensitivity can be adjusted using a variable resistor to
determine the desired sound level. It is used in numerous applications such as alarm systems and
smart automation. It can be connected to microcontrollers such as an Arduino to drive sound-
responsive devices. Some sensors have both digital and analog outputs for flexibility. It is best
placed in a quiet environment to ensure accurate reading of audio signals.

Fig (3): Sound Sensor Detect.

4.4. Jumper Wires

Connecting wires are used in electronics projects to connect various components. They are
divided into two main types: male-to-male and male-to-female. The male-to-male type has metal
pins on both ends and is used for directly connecting components such as Arduinos and
breadboards. The male-to-female type has a metal pin on one end and a female port on the other,
allowing the connection of sensors or modules with pins. These wires are available in various
lengths and colors for easy identification during wiring and are essential in practical experiments
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to ensure a secure and stable connection. It is best to choose the appropriate type according to the
need to ensure efficient connection.

Fig (4): male-male. Fig (5): female-male.
4.5. Breadboard

It is an electronic breadboard used to connect electrical components without the need for
soldering. It consists of a grid of small holes arranged in rows and columns, allowing wires and
components to be easily inserted. It contains horizontal power lines for voltage distribution and
vertical rows for connecting circuits. It is widely used in education and electronics experiments
for the ease of modifying circuits without damaging components. It works with microcontrollers
such as the Arduino to develop electronic projects. It is available in several sizes to suit a variety
of applications. It is an essential tool for both beginners and professionals in the field of
electronics.
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Fig (6): Breadboard.



444 American Journal of Botany and Bioengineering Volume: 2 | Number: 3 (2025) Mar

5. Project Layout

In Figure (7), the components were connected to the Arduino board, using 4 sound detection
Sensors.

fritzing

Fig (7): Connecting components.
6. Implementation Methods

In this project, a system was designed to assist the deaf in determining the direction of sound,
aiming to enhance their awareness of surrounding events that they cannot hear. Four sound
sensors are distributed in four directions (front, back, left, and right) to measure the sound level
coming from each direction. These values are read and analyzed using an Arduino to determine
the direction of the strongest sound. Based on this analysis, an LCD screen displays the
identified direction, providing a visual notification that helps deaf individuals recognize the
source of the sound.

Fig (8): Operating Methods.
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7. Program Code

It is operated by programming the Arduino via C++. The sensors are operated according to the
mechanism followed in the code.

#include <Wire.h>

#include <LiquidCrystal_12C.h>
LiquidCrystal_12C Icd(0x27, 16, 2);

int micFrontPin = 2;

int micBackPin = 3;

int micLeftPin = 4;

int micRightPin = 5;

void setup() {

Serial.begin(9600);
pinMode(micFrontPin,INPUT);
pinMode(micBackPin,INPUT);
pinMode(micLeftPin,INPUT);
pinMode(micRightPin,INPUT);

Icd.init();

Icd.backlight();

Icd.setCursor(0, 0);

Icd.print("Sound Direction!");

delay(500);

Icd.clear();

Icd.setCursor(0, 0);

Icd.print("Sound Direction!");

delay(500);

Icd.clear();

}

void loop() {

int micFrontValue = digitalRead(micFrontPin);
int micBackValue = digitalRead(micBackPin);
int micLeftValue = digitalRead(micLeftPin);
int micRightValue = digitalRead(micRightPin);
String direction;

if (micFrontValue ==1) {

Icd.clear();

direction = "Front";

} else if (micBackValue == 1) {
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Icd.clear();

direction = "Back";

} else if (micLeftValue ==1) {
Icd.clear();

direction = "Left";

} else if (micRightValue == 1) {
Icd.clear();

direction = "Right";

}
Icd.setCursor(0, 1);

lcd.print("Direction: ");
Icd.print(direction);

}

8. Results and Conclusion

The developed system demonstrated a high level of accuracy in assisting deaf individuals in
determining the direction of surrounding sounds. The experimental results showed that the
system could identify the correct direction with an accuracy of up to 85% in different
environments, proving its reliability in real-world applications. The system's use of four
directional sound sensors significantly improved sound localization accuracy. Additionally,
integrating visual and vibrational alerts effectively conveyed directional information to users in
an intuitive manner.

One of the key findings of the research is that the system performs optimally in controlled
environments with minimal background noise. However, in noisy environments, a slight
decrease in accuracy was observed due to overlapping sound waves. Future improvements could
include advanced noise filtering algorithms and machine learning techniques to enhance system
performance further.

The system's user interface, which consists of an LCD display and vibration feedback, ensures
ease of use for individuals with hearing impairments. User feedback indicated that the device is
practical and enhances their safety and independence in daily life.

In conclusion, this project presents a promising solution for assisting the deaf in increasing their
awareness of surrounding sounds. Future enhancements should focus on miniaturization,
improving power efficiency, and integrating wireless communication. Furthermore,
incorporating mobile applications could expand the system's functionality and accessibility. This
research contributes to the field of assistive technology by providing a practical and effective
tool that significantly improves the quality of life for the deaf community.

9. Future Work

To enhance the effectiveness and usability of the proposed system, several improvements and
developments can be considered for future work:

1. Incorporation of Machine Learning — Implementing artificial intelligence algorithms to
improve sound source identification and adapt to various acoustic environments.

2. Noise Reduction Techniques — Enhancing the system's performance in noisy environments
by integrating advanced filtering algorithms to distinguish relevant sounds from background
noise.
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3. Wireless Communication — Developing a wireless version of the system that connects to
smartphones or smartwatches via Bluetooth or Wi-Fi for real-time alerts and notifications.

4. Miniaturization and Wearable Integration — Reducing the size of the hardware components
and designing the system as a compact, lightweight wearable device, such as a smart bracelet
or an in-ear module.

5. Extended Battery Life — Optimizing power consumption and incorporating energy-efficient
components to extend battery life for long-term usability.

6. Mobile Application Support — Creating a dedicated mobile application to provide additional
functionalities, such as real-time sound mapping, customized alerts, and integration with
smart home devices.

7. Augmented Reality (AR) Features — Exploring AR-based visualization to provide more
immersive and intuitive feedback for users through smart glasses or heads-up displays.

8. Multi-Sensor Fusion — Combining additional sensors, such as accelerometers and GPS, to
improve contextual awareness and enhance user safety in outdoor environments.

9. User Experience Optimization — Conducting further user studies to refine the system’s
interface, ensuring it is user-friendly and accessible for a diverse range of individuals with
hearing impairments.

10. Scalability and Market Deployment — Evaluating the potential for large-scale production and
commercialization to make the system widely available to the deaf community.

By implementing these advancements, the system can become more efficient, reliable, and user-
friendly, further improving the quality of life for deaf individuals and enhancing their ability to
navigate their surroundings safely and independently.
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