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Abstract -- Non-verbal communication through hand gestures is
common among global speech- impaired individuals. Yet, the
challenge lies in effectively understanding and translating these
gestures. This is particularly crucial in eldercare and the
medical sector, where communication obstacles are significant.
India's substantial speech-impaired population faces added
complexities due to the intricacies of sign language. A solution
is vital to enable seamless conversations and bridge the
communication gap. Sign language, vital for the
hearingimpaired, becomes a barrier in interactions with the
uninitiated. Technology intervenes by converting sign language
gestures into audible speech, benefiting the speech-impaired
and holding potential in eldercare and medical contexts. In this
paper explores a revolutionary sign language-to-speech
conversion system. It investigates components such as Arduino
Uno, NodeMCU, flex sensors, DFmini player, speaker, and zero
PCB. This fusion detects intricate hand gestures via flex
sensors, processes data with Arduino Uno, and generates
speech through the DFmini player and speaker setup.
Combining innovation and empathy, this solution aims to
empower the speechimpaired while enhancing interactions for
the elderly and medical professionals. Future enhancements
could involve incorporating machine learning techniques to
improve gesture recognition accuracy, allowing the system to
adapt to individual variations. Integration with mobile apps
could provide real-time translation and customized settings.
Collaboration with linguists and medical experts would refine
the system's applicability and ensure cultural sensitivity.
Additionally, exploring wearable form factors for the
technology could enhance portability and ease of use, making it
more accessible in various situations.

Keywords: Flex sensor, Sign language, NodeMCU, DFmini
player, Smart glove.

I. INTRODUCTION

The progress of technology has resulted in wearable gadgets
and vision-based systems capable of translating sign
language movements into spoken or written language. By
leveraging  Bluetooth-enabled smartphones, these

into spoken output via Bluetooth-connected smartphones. It
strives to enhance communication accessibility for the deaf
and mute population, tackling the complexities of diverse

sign languages [2]. Flex sensors are essential for people with

innovations strive to break down communication barriers for the
deaf community, emphasizing user comfort and accessibility as
key priorities [1].This communication prototype integrates Flex
Sensors, an Accelerometer, and

ESP32to interpret sign language gestures, converting them angles
or radii of curved objects and enabling diverse applications
in various gadgets [3].

IL. METHODOLOGY

Paper addresses the challenge of non-verbal
communication among speech-impaired individuals by
creating a ground breaking sign language-to-speech
conversion system. Through the integration of components
such as Arduino Uno, NodeMCU, flex sensors, DF mini
player, speaker, and zero PCB, this paper aim’s to detect
and translate gestures into audible speech. Focusing on
innovation and empathy, the solution seeks to empower the
speech-impaired and improve interactions in eldercare and
medical contexts [4]. Future enhancements may involve
incorporating machine learning for better gesture
recognition, integrating with mobile apps for realtime
translation, and collaborating with linguists and medical
experts to ensure cultural sensitivity. Exploring wearable
form factors could further enhance portability and
usability, making communication more accessible across
different scenarios.

A. Components Required
S.no | Components Specification

1. Required Software

O Arduino -
software

.| Required Hardware

Table 1: Components Required physical

challenges, detecting movement through bending and adjusting resistance with adjustable resistors to produce
proportional results. These sensors, crafted from carbon and plastic, play a vital role in home automation,

measuring the
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2 : ATmega328P,

O Arduino UNO SRAM: 2 KB. EEPROM: 1
KB

O Flex Sensor 0.5watt to 1watt,
Bending life >1million

O Node Mcu Program memory: 4MB
Wi-fi-IEEE802.11 b/g/n

O DFmini player Power supply:3.3V/5V

0  Jumper wires -

0 SDcard -

O Glove -

0 LCD Display 16x2 LCD display

IIT DESIGN SPECIFICATIONS

A. Flex sensor

A flex sensor is a thin, flexible device designed to
detect bending or flexing in objects. It typically consists of
a polymer material with conductive elements applied in a
specific pattern. When bent, the resistance of the sensor
changes, allowing for measurement of the degree of
flexion. Flex sensors find applications in robotics, wearable
technology, medical devices, and input devices like gaming

controllers [5]. In smart gloves for sign language
translation, flex sensors detect finger movements,
providing  crucial data  for interpretation and

communication. They play a vital role in converting sign
language gestures into audible speech or other forms of
communication.

Fig 1:Flex sensor
B. Arduino Uno Board

Arduino Uno boards are integral to the functionality of

smart gloves, facilitating gesture recognition and data
processing. Through the utilization of of flex sensors these
gloves can accurately detect and interpret hand movements.
The Arduino Uno's adaptability enables seamless integration
with additional components such as Bluetooth modules,
enabling  wireless communication capabilities. By
programming the Uno, users can customize gesture
recognition algorithms to meet specific requirements. Its
compact size makes it well-suited for wearable technology
like smart gloves, ensuring ease of use and portability.
Ultimately, Arduino Uno boards empower smart gloves to
improve human-machine interaction through intuitive hand
gestures.

Fig 2: Arduino Uno Board

B. Node Mcu

Smart gloves leverage NodeMCU, a versatile I[oT
development board renowned for its compact size and
Wi-Fi connectivity. By integrating NodeMCU, these
gloves become capable of wirelessly transmitting data,
facilitating functionalities such as hand movement
tracking using sensors like accelerometers and
gyroscopes [6]. This data can either be processed
onboard or relayed to a cloud server for further analysis.
NodeMCU's GPIO pins enable seamless connection to
various sensors and actuators, enhancing the glove's
adaptability for diverse applications. Moreover, its
compatibility with the Arduino IDE simplifies the
programming process, allowing for easy customization
to suit specific needs and preferences.

Fig3: Node MCU

D. DF Mini Player

The DFMini MP3 Player, produced by DF Robot, is a
compact audio playback module suited for DIY projects. It
supports MP3 and WAV file formats from a microSD card.
With onboard buttons, users can control playback, volume,
and track selection conveniently. Additionally, it offers serial
communication for seamless integration with
microcontrollerbased projects like Arduino or Raspberry Pi.
Widely used for sound effects, audio guides, and music
players, its small size, low power consumption, and ease of
use make it popular among all [7].
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Fig 4: DF Mini Player
E. Speaker

The speakers utilized insmart gloves for voice output
aretypicallycompact and lightweight, fitting seamlessly
within the glove's structure. Despite their small size, they
deliver clear and audible sound output, ensuring effective
communication. These micro-sized speakers are designed
to minimize bulkiness while maintaining sound quality.
They often feature Bluetooth connectivity for wireless
communication with the glove's control unit or other
devices. In the smart glove context, these speakers play a
vital role in converting translated text or synthesized
speech into spoken words, enhancing userinteraction.
Overall, they contribute to a  streamlined
andefficientcommunication experience forindividuals
withphysical challenges.

Fig 5: Speaker

F. Connecting Wires

A jumper wire, also called a jumper or DuPont wire, is
essentially an electrical wire that comes with a connector or
pin at each end (or may be 'tinned' without any connector).
Typically, it is used for interconnecting the parts of arduino
board or test circuit, internally or with other components or
machinery, without the need for soldering. It may be used for
various applications, including prototyping and testing
purposes.

Fig 6: Connecting Wires
G. SD Card

An SD card, or Secure Digital card, is a compact storage
device widely used in electronic gadgets like cameras,
smartphones, and laptops. It offers portable storage for
various data types such as photos, videos, music, and
documents. Utilizing flash memory technology, SD cards
provide reliable data storage, enabling users to read, write,
and erase data multiple times. Known for their versatility,
SD cards come in different sizes and capacities to suit
various device requirements.

Fig 7: SD Card

H. LCD Display

A 16x2 LCD display is a type of screen commonly found in
electronic devices. It has 16 columns and 2 rows, enabling it
to show up to 16 characters per line across 2 lines. These
displays are popular in projects like digital clocks,
thermometers, and various DIY electronics due to their
simplicity and affordability. They usually connect to
microcontrollers or other control circuits to display text or
basic graphics.
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We utilize Free TTS to convert text into audible voice notes,
saving them onto an SD card. The DF Mini Player, housing the
SD card, plays specific voice notes corresponding to changes in
the resistance of the flex sensor..

B. ARDUINO UNO BOARD CONNECTIONS:

The Arduino Uno board acts as the central processing unit for
handling input data and generating relative output signals. It is
connected to both the DF Mini Player for voice notes and the
NodeMCU for wireless connectivity. The NodeMCU facilitates
tasks such as saving data to the cloud and periodic messaging
over the internet.

C.WIRING UP THE COMPONENTS:

In the culminating phases of assembly, meticulous attention to
detail is paramount, particularly in the realm of wire and cable
management. Employing advanced fastening methodologies
ensures not only a visually appealing workspace but also
IV. BLOCK DIAGRAM FOR SMART GLOVE mitigates potential hazards arising from loose or tangled wires[8].
The extension of wires to accommodate the intricate demands of
The smart gloves system integrates an Arduino Uno, DFMini  the circuit design is executed with meticulous precision, adhering
Player, and Node MCU for diverse functionality. The  rigorously to established standards for connectivity and
Arduino Uno acts as the central control unit, managing  performance optimization. Each wire originating from pivotal
sensor input and gesture recognition. The DF Mini Player = components such as the Flex sensor, NodeMcu, and DF Mini
enables hands-free recording and playback of voice notes.  player is methodically routed and delicately connected to their
With the addition of the Node MCU, wireless connectivity — respective Arduino pins, a process emblematic of our
and IoT integration are achieved. This system offers  commitment to precision engineering. As the final threads of
gesturecontrolled interactions, voice note functionality, and  connectivity are woven, a palpable sense of achievement heralds
wireless communication, suitable for various applications. the culmination of the Smart Glove's developmental odyssey,
emblematic of our unwavering dedication to excellence. It is
imperative to adhere to stringent protocols for the
disposal of outdated Arduino code  and
hardware/software connections, safeguarding the integrity of the
workspace and perpetuating an environment conducive to
innovation. Following the meticulous disposal procedures, a
battery of comprehensive tests is conducted, serving as the litmus
test for the glove's functionality and operational robustness. This
meticulous validation process underscores our unwavering
commitment to delivering solutions of unparalleled quality and
reliability, ensuring that the Smart Glove stands as a beacon of
technological innovation in the ever-evolving landscape of
assistive technologies.

Fig 8: LCD Display

GEgiﬁsEs DI;EEAY INTERNET |—»{ TELEGRAM
FLEX ARDUINO ST
SENSORS — UNO —»] NODEMCU }—» PLAYER SPEAKER
POWER
SUPPLY

Fig 9: Block Diagram for Smart Glove

V. PROCEDURE FOR SMART GLOVE
A. DF MINI PLAYER CONNECTION SETUP:
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Fig 10: Circuit Diagram of smart Glove

Flex value 1 < 130 =1 need food

Flex Value 2 < 130 = I need water

Flex Value 3 <200 =1 amiill

Flex Value 4 < 130 =1 need medicine
Flex Value 5 <200 =1 need a phone call

Fat25K) .

45° Bend (62.5KQ)

90° Bend (100KQ)

Fig 11:Resistance varies with Bending sensors

VI. WORKING

The Smart Glove functions by incorporating several
components to aid communication for individuals with
speech impairments. Within the glove are flex sensors that
detect hand movements, translating them into electrical
signals. These signals are then processed by an Arduino Uno
board, the system's central processor, which identifies the
corresponding gestures based on predefined criteria.
Subsequently, the Arduino Uno triggers the DF Mini Player,
which contains an SD card storing voice notes generated
through Free TTS software. These voice notes correspond to
specific gestures and are played back audibly, facilitating
communication. Additionally, the Smart Glove features a
NodeMCU for wireless connectivity, enabling tasks like
cloud data storage and internet messaging[9]. Overall, the
Smart Glove's integration of sensor technology,
microcontroller processing, and audio output enables
speechimpaired individuals to communicate -effectively
through hand gestures translated into audible speech.

VII. RESULTS

Fig 12:Hardware Implementation

“d Telegram + System * now R A
e BOT STARTED
i need food +
Reply Mark as read B

Silent notifications

a Android System

1 device is connected to your mobile. .
Mobile data used: 698 kB

Fig 13:Popup messages

B iamil
ineed food +
ineed a phone call
iamill y
i need medicine
i need medicine
BOT STARTED
ineed food +
ineed medicine
ineed medicine
i need water

ineed water

Fig 14:Telegram messages
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If the resistance of the first finger flex sensor is below
130, the speaker will output the message "I need food,"
and a corresponding message will be sent through
Telegram. Similarly, if the resistance of the second
finger flex sensor is less than 130, the speaker will
convey the message "I need water,” and the
information will be transmitted through Telegram. In
the case of the third finger flex sensor, if the resistance
falls below 200, the speaker will articulate the message
"I need to go out," and this request will be sent through
Telegram. If the fourth finger flex sensor records a
resistance below 200, the speaker will relay the
message "I amill”,and the corresponding information
will be communicated through Telegram. Lastly, if the
resistance of the fifth finger flex sensor is less than
130, the speaker will pronounce the message "I need
medicine," and the relevant message will be transmitted
through Telegram.
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