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Abstract— Human-computer interface technologies aid
speech- and hearing-impaired individuals to communicate.
Body language is a great means to translate non-verbal gestures
into language in real-time. In this wearable smart glove
architecture, hand movements are converted to voice messages
by the use of flex sensor-based motion detection. The resistive
flex sensors on each finger detect the bending of the fingers in
gestures. An Arduino microcontroller identifies specified
patterns of gestures based on calibrated thresholding and
mapping logic on analog data. The processed data of the gesture
is transmitted to a mobile interface through HC-05 Bluetooth.
The app has a text-to-speech engine that converts gesture labels
into voice, and allows verbal communication to be smooth.
Priorities are given to low-cost integration of hardware, low-
latency wireless transmission, and real-time response in assistive
communication. The modular construction allows users to
create vocabulary of gestures that best fits their needs,
increasing the flexibility in various contexts of use. An efficient
voice synthesis architecture and a valid gesture differentiation
offers non-verbal users an efficient alternative communication
system in their everyday interaction.

“Keywords— Smart glove, flex sensors, gesture recognition,

Arduino, Bluetooth communication, human-computer
interaction, assistive technology, text-to-speech synthesis.”

ISSN 2319-5991

WWW.ijerst.org

I. INTRODUCTION

Wearable sensing technologies are better in human
computer interaction, making it more natural and intuitive.
One of the most notable uses of this advancement is gestural-
based assistive communication of speech and hearing-
impaired individuals. New intelligent wearable devices are
able to decode hand signals into decipherable electronic
messages that can be used in real time to communicate [1].

Wearable glove gesture recognition systems have gained
popularity based on their mobility, usability and versatility.
Flex and strain-based sensors are common sensors used in
gloves to monitor the movement of the fingers and the position
of the hand. Such sensor-based systems have the potential of
translating complex sign patterns into digital form organized
to interact with computational devices [2]. Such techniques
are useful in filling communication gaps in everyday
situations when interpretation of signs is not possible [3].

The modern assistive communication systems are based
on advanced sensors and in-built processing, which enhances
identification precision and response time. Smart glove
systems have the ability to detect dynamic hand movements
and convert them into English; thus, they can be used to
communicate in real-time [4]. Gesture detectors are more
precise and sensitive due to to material-based detectors and
conductive network designs [5].
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It has been demonstrated in numerous studies that the
wearable devices can enhance accessibility of the speech
impaired through constant research and development [6].
Applications of gesture detection are no longer confined to
communication but can now be used in virtual worlds and
interactive control systems using machine learning-assisted
processing with wearable gloves [7]. Strong recognition
models have the ability to enhance generalization among users
and settings [8].

Gloves-based architectures of sensor-based
communication systems have demonstrated promising
outcomes of converting physical movements to digital outputs,
by using the real-time gesture detection [9]. An effective
multilingual wearable gesture recognition system has been
developed successfully to support language specific sign
recognition systems to enhance accessibility to diverse user
communities [10]. The overall glove-based communication
technology evaluations demonstrate their growing importance
to the assistive human-machine interaction [11].

This project is an effort to design a cheap wearable
communication gadget capable of translating given hand
gestures into speech in real-time. Sensing Flex-based devices
record finger movements, the technology interprets gesture
signals, and sends it wirelessly to a mobile interface to create
voice. Its significant contribution lies in an effective, portable
and user-friendly communication alternative that enhances
accessibility and independence of non-verbal users and is easy
to develop and operate.

Il. RELATED WORK

Wearable assistive communication devices, which decode
hand gestures into language in real time have attracted interest.
Smart gloves that have been recently developed have
cognitive processing frameworks which give smooth gesture-
to-text or gesture-to-voice translation to speech and hearing
impaired individuals [12]. Such approaches underscore the
emergence of the real time interpretability and system
responsiveness in assistive technology.

Gloves-based solutions of conversion have been widely
researched in order to enhance interpersonal communication.
Research indicates that sensor-integrated gloves can translate
sign language gestures into verbal feedback, making it more
accessible daily [13]. These systems are equipped with sensor
devices that are embedded to record minute finger movements
and convert them into an understandable communication
signal.

The accuracy and strength of gesture detection in wearable
devices is enhanced with inductive sensing. The sensor
combinations enhance stability of the hand motion tracking
and would be suitable in the continuous gesture recognition
[14]. Multi-glove systems are designed to offer two-way
communication and enhanced interaction to people with
speech impairments [15].

Sign language recognition systems have been vastly
enhanced by machine intelligence-based approaches. Smart
frameworks that are based on learning are more likely to
understand the intricate gesture patterns in various
environments [16]. Smart glove systems are based on hybrid
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deep learning architecture to enhance feature extraction and
classification to enhance gesture interpretation [17].

Sensor-driven communication aids with improvements in
better hardware integration and signal processing. In practice,
real-time responsiveness and effective sensor input-to-
linguistic output translation are the priorities of these systems
[18]. Wearable technologies can be innovative to enhance
portability and interaction with the system by hearing-
impaired people [19].

Al-based assistive communication systems have
intelligent gesture interpretation frameworks that are able to
convert sign language to voice or text more accurately and
contextually [20]. The tactile sensing technique that uses
textile to collect multi-channel inputs has been proven to
enhance the reliability and accuracy of the system in complex
gestures scenarios [21].

Recent multimodal fusion models take into consideration
flex and inertial measurements to enhance real-world
recognition accuracy and stability. These techniques enhance
usability and interoperability across users and environments
and are suitable to scalable assistive communication systems
[22].

The existing literature demonstrates that sensor-based
gesture detection systems have evolved to intelligent wearable
systems with machine learning, multimodal sensing, and real-
time-processing capabilities. Better flexibility of the system,
simplicity of computation and comfort to the user over the
long term are issues. The advances have given a good
foundation in the creation of assistive communication fast,
low cost, and real time gesture-to-speech translation systems.

I11. MATERIALS AND METHODS

The proposed wearable assistive communication system
involves using smart gloves to encode predefined hand
gestures into speech. Each finger has flex sensors which detect
the bending motions and identify gesture patterns with
minimal hardware complexity [23]. A microcontroller unit is
embedded, which reads the location of fingers, and translates
them to gesture commands in real time. The use of a Bluetooth
connection module will enable the movement of data between
a wearable device and a mobile interface without restricting
user movements [24]. An app on a smartphone sends gestures
into voice through text-to-speech translation to enable non-
verbal users to communicate. The design emphasizes on low
cost implementation, portability and ease of use in everyday
communication. The system helps in customized gesture
definitions whereby gesture-to-speech is customized to suit
users. In real time processing, the latency of gesture input-to-
speech is minimized and thus the efficiency of interaction
increased. The model offers a reliable and easy to use
communication solution to speech- and hearing-impaired
individuals to enhance independence [25].
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Fig.1 Block Diagram

The block diagram of a gesture-recognition or monitoring
device embedded is illustrated in Fig. 1. The Flex sensors are
three mechanical bending or motion sensors and are read out
by an Arduino Uno microcontroller. The system is controlled
by a controlled power source to stabilize it. The data is
processed and shown on an LCD which can be monitored
locally in real-time and transmitted wirelessly through
Bluetooth to a remote receiver or smartphone interface.

A) Flex Sensor-Based Gesture Acquisition System:

The gesture acquisition subsystem is a system to record
the real-time hand movement using flex sensors in every
finger of the glove. These kinds of sensors have variable
resistance, whereby as the finger bends the resistance varies
accordingly. A voltage divider circuit translates variations in
resistance to analog voltage signals of the flex sensor, which
can be measured. Finger tracking in real-time is obtained by
sampling these signals using analog input ports on a
microcontroller.

Baseline straight and bent finger positions are calibrated
to achieve a higher signal dependability. This is a good
differentiation of fine finger movements. Averaging and
threshold filtering of measurements helps to stabilize the
measurements against misclassification due to minor
variations. The glove is crafted out of lightweight and flexible
material, which ensures comfort and freedom of movement
when it is in constant use.

Multi-dimensional gesture representation has sensor
channels of fingers. The system creates unique gesture
signatures of single and combined-finger gestures. The key
input in processing is the signatures. The low battery
consumption and mobility of the acquisition system is
advantageous to wearable assistive applications. Flex sensors
are able to measure human hand dynamics in a cost-effective
and scalable way, without image or vision systems.

B) Embedded Processing and Gesture Interpretation Unit:

The built in processor processes sensor data and translates
hand movements into commands. Flex sensors provide
analog data to a microcontroller, the processors. These inputs
are converted to digital values onboard with the help of an
analog-to-digital conversion to perform gesture pattern
computing in real-time.

ISSN 2319-5991

WWW.ijerst.org

Each of the motions is characterized by specific threshold
ranges of the degrees of finger bending. The conditional logic
is used to compare sensor data with calibration limits to the
microcontroller. This comparison assists the system to
recognize patterns of gestures such as single-finger gesture
and combination of gestures. This predictive mapping using
rules ensures fast and predictable gesture recognition and no-
processing overhead.

Before the categorization of gestures, a temporal
validation is done to take into account as many readings as
possible to enhance stability. Quick hand movements and
sensor noise are false triggers minimized. The incorporated
technology is optimized to have a low latency, which
guarantees a fast input and output of gestures.

There are many definitions of gestures that are processed
in memory-efficient algorithms on limited microcontroller
resources. The expandable processing unit enables expansion
of the processing unit with no hardware modification. The
sensor data are translated in the main intelligence layer into
the structured communication signals that are transmitted
wirelessly.

C) Wireless Communication and Data Transmission Module:

The wireless communication module will have a
Bluetooth-based serial communication interface, which will
be used to transmit the information between the wearable
device and a mobile application. The HC-05 module has
serial connection mode that establishes a solid wireless
connection with the connected devices. This removes
physical interconnection, enhances end user mobility and
flexibility of the system.

The integrated processor unit transmits the Bluetooth
device the command string after a gesture has been detected
by the UART. This info is transmitted to the corresponding
mobile device in a short range by the module. Data packets
are small in size to be transferred easily and have reduced
latency.

The system is based on the simplest error handling and
verification of transmissions to guarantee reliability of
communication. The speed and stability are balanced by
optimized baud rate. Power-efficient operation is
accomplished by not transmitting overhead when changing
the gestures continuously, and only communicating when
communicating a gesture change.

The wireless module is necessary to interact hardware-
software in real-time. It transmits data of gestures to the
application layer instantly. This stage aligns system elements
and enables mobile and untethered operations by linking
actual gesture detection and computerized speech synthesis.

D) Mobile Application and Speech Synthesis Interface:

The software in a mobile transforms the gesture
information into voice. It reads defined gesture command
strings of Bluetooth data streams. The program will start a
text-to-speech engine after a valid gesture signal and will start
talking.
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The speech synthesis module translates textual commands
to audio in a natural form with the assistance of system
libraries. Instruction of every gesture is translated into a
sentence to speak clearly. Its application interface is not
heavyweight or cumbersome and it is responsive to enable
smooth operation with standard mobile devices without much
computing power.

The simple Ul of the application displays the recognized
movements and their outputs in real time to increase its
usability. This provides the visual confirmation to the users
and enhances transparency of the system. With the
architecture, it is trivial to add dynamically motions and
sentences without altering the underlying system logic.

The program also aligns the data and speech output to
prevent the audio triggers. Assistive communication pipeline
comprises of wireless communication and speech synthesis.
This module translates physical movements into verbal
communication and thus communication in the real world
among non-verbal individuals becomes easier.

E) Components Used:

The assistive communication will comprise embedded
hardware, sensor components, wireless communication
modules, and mobile software interfaces. All of these
components are necessary to gather hand motions, sensor
data, and transmit data and generate speech. The components
are selected based on their cheapness, portability, power-
saving, and microcontroller. Flex sensors read the bending of
the fingers, and are read by a microcontroller. A Bluetooth
component is a wireless hardware-mobile applications
connection. Text-to-speech is transformed to speech using
mobile devices. Circuit stability is guaranteed by supporting
resistors, power supplies and cables. Their efficient and small
gesture-to-speech conversion technology helps the non-
verbal users to communicate.

Flex Sensors: The primary input devices of the finger
movement are flex sensors. They have variable resistance,
which varies with the sensor bending angle. The sensor on
each glove captures the movements of the fingers and
converts the deformation of the fingers into electrical signals.
These signals have different patterns of gestures. Flex sensors
are easy to carry, flexible, and wearable sensors that are ideal
in continuous motion detection. They can be easily
incorporated in the microcontroller systems using voltage
divider circuits as they have simple structures. Calibration is
required to appropriately plot the variation of resistance with
bending angles. A number of flex sensors record the complex
multi-finger hand movements.

Arduino Microcontroller Unit: Arduino
microcontroller is used to process the system. It converts the
analog values of flex sensor analog signals to digital values
with its in-built analog-to-digital converter. The
microcontroller has programmed circuitry that detects pattern
of gestures depending on predetermined thresholds. It is fast
in deciphering hand gestures. Arduino is selected due to its
flexibility, minimal power consumption and ease of
programming. Serial communication transmits processed
data of gestures to the Bluetooth module. Microcontrollers
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decide what to do with sensor inputs and what to send out via
communications.

HC-05 Bluetooth Module and Mobile Application: The
HC-05 Bluetooth module is used to allow the wearable glove
system and mobile device to communicate wirelessly. It
transmits the gesture information to the smart phone through
the UART serial interface with the microcontroller. The
miniaturized module has a high level of short-range
communication. The mobile app utilizes text-to-speech
engine in order to convert gesture data into voice. It presents
known instructions and has an easy user interface. This
assistive communication device is portable and user friendly
as the speech output can be done in real time through
Bluetooth and mobile processing.

IV. EXPERIMENTAL RESULTS

His technology identified and conveyed movements of hands
to the output of meaningful communication in real time. The
hardware prototype demonstrated a successful capacity of
flex sensors to measure finger movements using bending
angles to digital data. These signals were immediately sent to
the mobile device via Bluetooth by the microcontroller. A
given set of gestures allowed the mobile interface to show
textual results and form spoken responses.

The system was able to detect both single- and multi-finger
movements even with the normal operating conditions. The
response to gesture input and speech output was not very
delayed which meant that it was real time. The wireless
module was able to keep in contact at the range of operation
and data transfer was possible.

These findings indicate that the system is capable of creating
context-driven commands such as alarms and control actions,
and more than just basic communication. Location and
intensity of bending hand resulted in small deviations in
sensor readings, but threshold-dependent calibration reduced
misclassification.

Gesture recognitions and voice conversion of the system
demonstrated that it was an appropriate non-verbal assisted
communication solution. The modular design enables the
addition of gestures and improvements of functions in the
future.

Table.1 Gesture Recognition and System Response Performance

Gesture Input | System Output | Response Type | Accuracy
(Finger Command Observation
Pattern)

Thumb  bent | Need Water Speech Output | High
only

Index  finger | Need Food Speech Output | High
bent

Middle finger | Need Tablets Speech Output | High
bent

Ring finger | Washroom Speech Output | High
bent Request
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Multiple Emergency Speech + Text | Moderate  to
fingers Alert High
combination

Table 1 presents the accuracy of gesture detection based on
finger movement patterns, and system responses.

s

Fig.2 Hardware Prototype

Fig. 2 demonstrates the hardware prototype to provide real-
time sensor information to a mobile terminal over Bluetooth.

Fig.3 System Output Interface

Fig. 3 presents an example of a mobile application, which
automatically reveals text messages in response to flex sensor
motions.

Fig.4 Real-time Command Generation

Fig. 4 demonstrates real-time command creation, i.e. finger
bends are used to trigger the command to create some
cellphone alerts such as Turn on light.

V. CONCLUSION

A combined wearable sensor and embedded processing
architecture were used to real-time convert hand motions into
speech. The glove, which was made of flex sensor, received
finger bending data and converted the data to analog signals
which a microcontroller interpreted to identify the type of
gesture. Using Bluetooth, the wearable was able to
communicate wirelessly with a mobile interface and it did not
restrict the mobility of the user. The end users were able to
understand the outcome since text-to-voice synthesis was
able to translate and convert mapped gesture commands into
speech. The adopted method proved to be stable in gesture
differentiation in a controlled situation, and responding
reliably to individual and combined finger movements. The
technology provides a cheap and portable communication
device to the speech and hearing-impaired individuals to
reduce their reliance on others. Gesture sets can be
reconfigured with ease in healthcare assistance, education,
and personal communication as they are modular.
Performance has demonstrated that flex sensor data
collection, embedded processing and mobile based voice
synthesis offer an effective and scalable assistive
communication system. Accuracy may be compromised by
minor sensor calibration and long-term use, suggesting that
robustness and adaptability should be enhanced to use in real-
world application environments.

The accuracy of the detection can be enhanced in the
future by incorporating machine learning and deep learning
models that learn the gesture patterns of the user. The noise
resistance and gesture differentiation of complex movements
can be enhanced by adding IMUs or EMG sensors. By
extending the system to support dynamic gestures and
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ongoing interpreting of sign language, it would greatly
enhance the practicality in real life communication situations.
Wearable devices can be made to be more comfortable to
wear during extended periods of use by power optimization
and hardware reduction. The integration of edge-Al and
cloud processing can support real-time learning of gesture
libraries and upgrades remotely. Adaptive user customisation
and multilingual voice synthesis can make it more accessible
to user groups and domains of application.
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