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Abstract: The Flex Sensor-Based Hand Gesture Detection System is designed to assist deaf and dumb individuals in
communicating their needs effectively with others This system provides a simple and efficient solution by converting hand
gestures into meaningful commands that can be understood by nearby people or caregivers. In this system, flex sensors are used
to detect the bending motion of the fingers. When a user performs a specific hand gesture, the flex sensors measure the change
in resistance caused by finger movement. These signals are then sent to an Arduino microcontroller, which acts as the main
processing unit of the system. The Arduino interprets the sensor data and identifies the corresponding gesture based on
predefined commands Once the gesture is recognized, the system generates both text and voice outputs. The LCD display shows
the message visually so that it can be read easily, while the voice module converts the detected gesture into a spoken message.
For example, gestures can represent needs such as water, food, medicine, emergency help, or general assistance. The generated
voice message is then played through a speaker, allowing nearby people, caregivers, or authorities to immediately understand the
user’s request. This helps ensure quick response and timely support. Overall, this system improves communication, enhances
independence, and provides a reliable assistive technology for deaf and dumb individuals in their daily lives.
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I. INTRODUCTION
Geographical limitations, high medical costs, and income inequalities have resulted in inadequate access to quality healthcare for a
large portion of the global population. These challenges often lead to improper or delayed treatment, particularly for patients
suffering from severe illnesses or physical disabilities. Among them, paralyzed individuals are at greater risk due to their inability to
communicate their needs effectively. Hence, there is a strong need for an efficient and continuous health monitoring system.
Conventional healthcare methods, which rely on periodic patient evaluation by medical professionals, are insufficient in detecting
sudden and critical changes in health conditions.
According to global health reports, a significant number of individuals require constant monitoring and assistance for their safety
and well-being. To address these challenges, an loT-based health monitoring system is proposed. The system integrates multiple
sensors, including an ADXL335 accelerometer for fall detection, a MAX30100 sensor for heart rate and SpO: monitoring, an LM35
temperature sensor, and flex sensors embedded in gloves to facilitate patient interaction. An ESP32 (ESP-WROOM-32)
microcontroller is used to process and transmit the collected data. These sensors continuously monitor vital parameters and transmit
real-time data to healthcare professionals, enabling early detection of abnormalities such as irregular heart rate, temperature
fluctuations, or sudden falls. Immediate alerts allow timely medical intervention, thereby reducing the risk of complications.
Additionally, the system enables patients to communicate basic needs like food, water, or assistance through simple finger
movements.
By leveraging Internet of Things (1oT) technology, the system ensures seamless communication between patients, caregivers, and
medical personnel. It enhances healthcare efficiency by enabling continuous monitoring and prompt response to emergencies.
Furthermore, it provides reassurance to families by keeping them informed about the patient’s health status in real time. Overall, this
system reduces emergency incidents, lowers hospital admissions, and minimizes the burden on caregivers, contributing to a more
effective, reliable, and sustainable healthcare model .Communication between deaf and dumb individuals and others is often
difficult due to the lack of an effective interaction system. To address this issue, a flex sensor—based hand gesture detection system
is proposed. Flex sensors attached to the fingers detect bending movements and convert them into electrical signals representing
specific gestures.
An Arduino microcontroller processes these signals to identify predefined gestures and interpret the user’s needs accurately. The
recognized commands are displayed as text on an LCD screen for visual understanding.
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Additionally, a voice module converts the text into speech, which is played through a speaker to communicate messages such as
food, water, medicine, or emergency assistance .This system acts as an effective communication bridge, enabling deaf and dumb
individuals to express their needs easily and receive timely help from caregivers and others.

Il. LITERATURE REVIEW
Several researchers have developed hand gesture recognition systems to assist communication and human—computer interaction. A
flex sensor—based hand gesture recognition system was proposed by R. Xiong et al. [1] to help deaf and dumb individuals
communicate their needs effectively. In this system, flex sensors are attached to a glove to detect finger bending and hand
movements. The signals from the sensors are processed using an Arduino microcontroller to identify predefined gestures. Once a
gesture is detected, the corresponding message is displayed on an LCD screen and converted into speech using a voice module. This
system improves communication by providing both visual and audio outputs. However, the accuracy of gesture recognition may
decrease if the sensors are not properly calibrated or if the user performs inconsistent hand movements.
A real-time hand gesture recognition system for intuitive human—computer interaction was developed by Priyadarshan Dhabe et al.
[2]. The system uses Media Pipe and Open CV to detect hand landmarks from webcam input and interpret gestures for applications
such as virtual mouse control, magic canvas drawing, and media player control. This approach provides a contactless interface for
interacting with computers. However, the system performance may decrease under poor lighting conditions or complex backgrounds.
Another study by Parth Narendra Gaikwad and Arju Mukherjee [3] focused on developing a robust real-time hand gesture
recognition system for drone navigation in military applications. The system captures hand gesture images and processes them using
computer vision techniques. A Residual Neural Network model (ResNet20v2) is used to classify gestures and convert them into
drone navigation commands. The system achieved a high gesture recognition accuracy of 99.73%, improving operational efficiency.
However, the system requires high computational resources and may be affected by environmental factors such as lighting
variations.
Similarly, Abinith N and Arun Karthick M [4] proposed a hand gesture-based vehicle control system using a two-stage
Convolutional Neural Network. In this system, hand images are captured using a camera and processed to detect palm regions and
finger landmarks. Based on the recognized gesture, commands such as forward, backward, left, right, and stop are generated for
vehicle control. The system achieved an accuracy of 95.28%, providing an intuitive and contactless control method. However,
variations in hand gestures, camera position, and lighting conditions may affect system performance.
Another real-time hand sign and gesture recognition system was developed by Priyal Raj et al. [5] using Convolutional Neural
Networks. The system captures video frames, detects hand regions, extracts gesture features such as orientation, centroid, finger
state, and thumb position, and classifies gestures using a CNN model. The proposed system achieved a high recognition accuracy of
approximately 99.89% and operates without additional hardware, making it cost-effective. However, the system performance may
decrease in poor lighting conditions or complex backgrounds that affect hand detection accuracy.
Overall, these studies demonstrate that hand gesture recognition systems can significantly improve human—computer interaction and
assistive communication for people with hearing and speech impairments. However, challenges such as lighting conditions, gesture
variations, and computational requirements still affect the reliability and efficiency of existing systems.

1. PROPOSED METHODOLOGY
The proposed system shown in \Fig. 1 is designed to assist deaf and dumb individuals in communicating their needs using hand
gestures. The system detects finger movements using flex sensors and converts them into meaningful text and voice messages. The
overall methodology of the system is divided into four major stages: gesture acquisition, signal processing, gesture recognition, and
message output.
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FIG 1. PROPOSED SYSTEM BLACK DIAGRAM

A. Gesture Acquisition

In the first stage, flex sensors are attached to the fingers of a glove worn by the user. Flex sensors are resistive sensors whose
resistance changes when they bend. When the user performs a hand gesture, the bending of the fingers causes a change in the
resistance of the sensors. These resistance variations generate analog voltage signals that represent different finger positions and
hand gestures.The flex sensors are connected to an Arduino microcontroller, which reads the analog signals produced by each sensor.
The sensor values are continuously monitored to capture the bending pattern of the fingers.

B. Signal Processing

The analog signals obtained from the flex sensors are processed by the Arduino microcontroller. The Arduino converts the analog
signals into digital values using its Analog-to-Digital Converter (ADC).Each gesture corresponds to a specific range of sensor
values. Therefore, predefined threshold values are programmed into the Arduino to identify different finger bending patterns. The
microcontroller continuously compares the incoming sensor readings with these threshold values to detect valid gestures.

C. Gesture Recognition

Once the sensor signals are processed, the system identifies the gesture based on the combination of finger bending patterns. Each
recognized gesture is mapped to a specific predefined command.

e  Gesture 1 — Need Water,

e  Gesture 2 — Need Food,

e  Gesture 3 — Need Medicine

e Gesture 4 — Need Help ,

e Gesture 5 — Emergency

The Arduino processes the sensor readings and determines which gesture pattern matches the stored command patterns. After
successful recognition, the corresponding message is generated by the system.

D. Message Output
After gesture recognition, the system provides both visual and audio communication outputs. An LCD display shows the
corresponding text message such as “Need Water,” “Need Food,” or “Emergency Help.”
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This allows nearby individuals to easily understand the user’s request. In addition to the visual output, a voice module and speaker
are used to generate an audible message. The Arduino sends a signal to the voice module, which plays a pre-recorded voice message
through the speaker. This enables caregivers or nearby people to quickly respond to the user’s needs.

E. Flex sensor

Fig. 2. Flex sensor
A flex sensor is used to detect the bending motion of fingers. When a deaf or dumb person bends their fingers, the resistance of the
flex sensor changes according to the angle of the bend. These variations are used to identify specific hand gestures. The sensor
converts the physical movement of the hand into electrical signals, which are then sent to the microcontroller for processing.

F. Arduino Controller

Fig. 3. Arduino Controller

The Arduino Uno microcontroller serves as the central processing unit of the system, continuously reading analogy signals from the
flex sensors attached to the user’s fingers. By analyzing changes in sensor resistance, the Arduino interprets different hand gestures
and converts them into meaningful commands. It processes the gesture patterns using programmed logic and simultaneously
controls the connected peripherals, including the LCD display and the voice module. The voice module provides real-time audio
feedback by converting recognized gestures into pre-recorded messages such as “Need Water,” “Need Food,” “Emergency Help,” or
“Need Medicine,” which are played through a speaker to alert nearby caregivers or family members. This combination of visual
output on the LCD and audible feedback ensures that the system provides an effective, reliable, and user-friendly communication
platform for deaf and dumb individuals.

G. \oice module

Fig . 4. Voice module
Voice module converts recognized gesture commands from the Arduino into audible speech signals. When a gesture is identified,
the Arduino sends a corresponding command to the voice module, which generates a pre-recorded voice message. This enables deaf
and dumb individuals to communicate their needs effectively through audio feedback. Working in conjunction with a speaker, the
module delivers clear and immediate voice messages, complementing the visual output provided by the LCD display to ensure both
audio and visual communication.
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H. LCD Display

Fig. 5. LCD Display

The 16x2 LCD display provides a visual representation of the recognized hand gestures by showing the corresponding messages as
text. This allows caregivers or nearby individuals to read the user’s needs even in situations where audio feedback may not be
audible. The display shows gesture-based messages, indicates system status, and provides visual confirmation of the recognized
commands, complementing the voice module to create an effective audio-visual communication interface for deaf and dumb
individuals.

I.  Speaker

Fig.6. Speaker

The speaker is connected to the voice module to broadcast the generated voice messages. When a gesture such as water, food, help,
medicine, or emergency is detected, the speaker announces the message so that nearby caregivers or authority persons can respond
quickly.

J.  Gesture Interpretation Process

The gesture interpretation process begins with the detection of finger bending using flex sensors attached to the user’s fingers. The
flex sensors measure changes in resistance as the fingers bend, and these analog signals are converted into digital values by the
Arduino controller. The system then matches the detected gesture patterns with a set of predefined commands. Once a gesture is
recognized, the system generates both text and voice outputs through the LCD display and the voice module, enabling effective and
real-time communication of the user’s needs.

V. RESULT AND DISCUSSION
The flex sensor—based hand gesture detection system was successfully developed and tested for assisting deaf and dumb individuals
in communication. The system accurately captures finger movements using flex sensors and converts them into electrical signals,
which are effectively processed by the Arduino microcontroller to recognize predefined gestures.
The results show that the system reliably identifies gestures corresponding to basic needs such as water, food, medicine, help, and
emergency situations. The recognized commands are clearly displayed on a 16x2 LCD screen and simultaneously converted into
voice output through a speaker, ensuring both visual and auditory communication.
The system demonstrated fast response time, high accuracy in gesture recognition, and efficient real-time performance. It effectively
reduces communication barriers and enables users to express their needs independently. Overall, the results confirm that the system
is areliable, user-friendly, and practical solution for improving communication and support for deaf and dumb individuals.

Sensor Output Request
Flex Sensor 1 Need Water
Flex Sensor 2 Need Food
Flex Sensor 3 Medicine
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Flex Sensor 4 Help
Flex Sensor 5 Emergency
The hardware implementation of the proposed system is shown in Fig. 7
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Fig.7. Harware Implementation of prototypic Hand Talk Assistive Tecoloy For Physically Challenged.

V. CONCLUSTION

The proposed system employs flex sensor—based hand gesture detection to assist deaf and dumb individuals by converting their
hand movements into meaningful communication. Finger bending movements are captured using flex sensors attached to a specially
designed glove, which detect variations in resistance corresponding to the degree of finger flexion. These signals are then
transmitted to an Arduino microcontroller, which acts as the central processing unit of the system. The microcontroller continuously
monitors the sensor data and applies programmed algorithms to recognize specific hand gestures. Each detected gesture is mapped
to a predefined command representing essential needs, such as requesting water, food, medicine, help, or indicating an emergency
situation. This mapping allows individuals with speech and hearing impairments to communicate their requirements efficiently and
intuitively with the people around them .To enhance user interaction and accessibility, the system provides both visual and auditory
feedback. The recognized gesture is displayed on a 16x2 LCD screen, allowing nearby individuals to read the message even in noisy
environments or when audio is not feasible. Simultaneously, the voice module converts the gesture command into a pre-recorded
speech output, which is played through an integrated speaker. This ensures that caregivers, family members, or authorities can
immediately understand the user’s request, facilitating timely assistance. The combination of visual and audio outputs strengthens
communication reliability, reduces misunderstandings, and promotes independence for the user. Overall, the system provides an
effective, user-friendly, and real-time communication platform that bridges the interaction gap for deaf and dumb individuals,
demonstrating the practical integration of sensor technology and embedded system design in assistive applications.
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