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Abstract—This research presents the design and
implementation of a real-time gesture recognition and
translation glove, aimed at facilitating communication
for individuals with hearing and speech impairments.
The system employs an array of flex sensors integrated
onto a wearable glove to detect the bending and
flexure of fingers. The sensor outputs are processed
using a microcontroller, which maps specific bending
patterns to predefined gestures without reliance on
computationally intensive algorithms. Recognized
gestures are instantly translated and displayed on a
compact mini-LCD screen, providing immediate
visual feedback. The glove is lightweight, low-power,
and user-friendly, offering a cost-effective and
portable solution for gesture-based communication.
This work demonstrates the potential of sensor-driven
wearable technology in enhancing accessibility and
promoting inclusive interaction.

The glove architecture is based on lightweight, flexible
components to ensure user comfort and durability
during extended use. Each flex sensor continuously
monitors the angular displacement of the fingers,
enabling precise gesture recognition with minimal
latency. The microcontroller is programmed with a
direct mapping algorithm that associates specific
flexure patterns with corresponding alphanumeric
characters or words. The processed output is
communicated through a mini-LCD display mounted
on the glove, ensuring portability and real-time
translation without the need for external devices.
Extensive testing was conducted to evaluate the
system's accuracy, response time, and reliability under
varying conditions, demonstrating its effectiveness as
a practical assistive tool for gesture-based
communication.

Keywords—real-time,  flexure, gestures, visual
feedback, wearable, interaction, displacement,
portability.

I. INTRODUCTION

Throughout history, communication has served as

the cornerstone of human civilization, enabling the
exchange of ideas, emotions, and knowledge across
generations. However, individuals with hearing and
speech impairments have often been marginalized
due to barriers in effective communication [1].
Ancient records show that societies struggled to
integrate people with such disabilities, often leading
to their social isolation [2]. Despite the evolution of
languages and communication systems, the deaf and
mute communities have continued to face significant
challenges in daily interactions, education,
employment, and social participation [3]. Even
today, limited accessibility tools and a lack of
widespread understanding continue to restrict the
independence and quality of life of millions
worldwide [4].

Traditional methods for aiding communication, such
as interpreters or manual signing systems, while
effective in certain settings, are not always available
or practical [5]. Furthermore, the dependence on
human intermediaries can sometimes lead to delays,
misinterpretations, and a sense of dependency [6].
Although sign language is a rich and expressive
medium, its lack of universality — with different
versions like ASL, BSL, and ISL — further
complicates communication across linguistic and
geographic boundaries [7]. These challenges
highlight a persistent gap in technology-driven
solutions that can empower individuals with hearing
and speech impairments to communicate
independently and seamlessly with the broader
population [8].

To address these limitations, this research proposes
the development of a real-time gesture recognition
and translation glove. The concept centers around
creating a wearable device capable of translating
hand gestures directly into readable or audible
formats, without the need for an interpreter. By
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providing an immediate and portable solution, the
glove enhances autonomy and bridges the
communication divide in diverse environments such
as workplaces, educational institutions, healthcare
facilities, and public spaces [9].

The implemented system integrates flex sensors
sewn onto a comfortable glove to detect the bending
and flexure of individual fingers. These signals are
processed by a microcontroller, which maps
specific flexure patterns to predefined outputs
displayed on a mini-LCD screen, ensuring fast, real-
time translation without reliance on external
computational resources [10].

Upon recognition of a gesture, the output is
displayed on a compact mini-LCD screen attached
to the glove, providing immediate visual feedback
to the user [12].

The hardware-centric approach ensures low power
consumption, quick response times, and a high
degree of reliability, making it suitable for practical,
everyday use. The glove's design emphasizes
portability and ease of use, enabling individuals to
carry a lightweight assistive device without
depending on bulky equipment or internet
connectivity [13].

Initial testing of the system under controlled
conditions demonstrated high accuracy in
recognizing predefined gestures, even across
different hand sizes and user variations [14].
Furthermore, the absence of machine learning
models reduces the need for extensive training data
and retraining processes, thus making the device
more accessible for deployment in low- resource
settings [15].

By combining simple yet effective sensor technology
with real-time embedded processing, this glove
represents a step forward in affordable, accessible
communication aids. Its development reflects the
growing importance of wearable assistive
technologies in fostering inclusive societies and
highlights the potential for further advancements in
gesture-based interaction systems [16].

II. LITERATURE REVIEW /RELATED WORK

The body of research related to gesture recognition
and wearable communication aids has grown
significantly over the past few decades. Early studies
predominantly focused on camera- based systems
that employed computer vision algorithms to
interpret hand gestures in controlled environments
[17], [18]. These systems, though promising for

their time, faced challenges such as varying lighting
conditions, occlusion, and high computational
overhead. With the evolution of sensor technology,
researchers began exploring wearable devices that
harnessed inertial measurement units (IMUs),
accelerometers, gyroscopes, and flex sensors to
directly capture the physical dynamics of hand
movements [19], [20].

The advent of sensor-based gloves marked a critical
turning point in the field. Projects such as the early
wearable sign translation gloves utilized fibre optic
sensors and bending sensors to record finger flexure
and hand gestures [21], [22]. These studies
demonstrated that analog sensor data could be
effectively mapped to predefined gesture outputs,
reducing reliance on sophisticated image processing
techniques while significantly enhancing response
time and portability [23]. Researchers found that
sensor-based systems often yielded faster real-time
performance and lower power consumption
compared to their vision-based counterparts,
making them more applicable in everyday assistive
scenarios [24].

Subsequent work expanded on these foundational
ideas, integrating microcontrollers and embedded
systems to manage sensor data and directly map
flexure readings to actionable outputs [25]. For
instance, several studies focused on the
development of low-cost, Arduino- based glove
systems capable of detecting and translating a
limited set of hand gestures [26], [27]. These
systems often emphasized simplicity, ease-of-use,
and real-time performance over extensive gesture
vocabularies. Notably, research on direct sensor
mapping has underscored the viability of using
fixed gesture-to-output mappings without resorting
to complex computational models [28].

Several investigations have compared sensor-driven
methods with machine learning-based approaches.
While deep learning and statistical classification
techniques have been widely applied for
recognizing gestures from both visual and inertial
data [29], [30], the increased computational
requirements and necessity for large training
datasets often limit their practical deployment in
resource-constrained settings. In contrast, sensor-
based mapping approaches, particularly those that
utilize flex sensors, offer several advantages—
including
consumption, and easier interpretability [31], [32].

reduced latency, lower energy
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These studies reinforce the importance of hardware-
centric designs when rapid and accurate gesture
recognition is paramount.

Recent advances in flexible electronics have further
propelled the development of wearable gesture
recognition devices. Innovations in sensor material
technology have led to the design of highly
sensitive, durable, and stretchable flex sensors that
can accurately track minute finger movements [33],
[34]. Researchers have demonstrated that
integrating these sensors into textile- based
wearables can enhance both comfort and accuracy
in capturing flexure patterns [35]. Comparative
evaluations have shown that such sensors, when used
in conjunction with efficient microcontrollers, can
achieve real-time performance without the need for
extensive signal processing or training algorithms
[36].

Moreover, several projects have reported on the
integration of microcontroller-driven systems with
miniaturized display modules for immediate
feedback. These designs leverage compact LCD
screens or wearable heads-up displays (HUDs) to
provide instantaneous translations or command
outputs to the user [37], [38]. Several studies
confirm that such integrated systems not only
improve user experience but also extend the
practical utility of wearable communication aids in
diverse settings, such as educational environments,
healthcare, and public services [39].

Finally, a growing trend in the literature emphasizes
the need for scalability and adaptability of assistive
technologies. Researchers have highlighted the
importance of cost-effective designs that eschew
complex machine learning models in Favor of more
robust, sensor-driven approaches [40]. This trend
aligns with efforts to democratize access to
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advanced communication aids, particularly in
resource-limited settings, ultimately enabling a
broader range of users to benefit from technology-
enhanced interactions.

In summary, while the evolution of gesture
recognition systems has encompassed a wide array
of methodologies—from camera-based vision
systems  to  sophisticated deep  learning
architectures—the shift toward wearable, sensor-
driven designs has proven to be particularly
effective in addressing the practical challenges of
real-time applications. The research outlined above
underlines the potential of flex sensor-based
approaches in delivering low-latency, energy-
efficient, and user-friendly solutions for gesture
recognition and translation, which directly informs
and motivates the current work presented in this

paper.
III. SYSTEM DESIGN AND ARCHITECTURE

The design of the gesture recognition and translation
glove focuses on simplicity, portability, and real-
time performance, while maintaining accuracy and
durability. The system architecture is modular,
comprising distinct subsystems that work in concert
to detect finger flexure, process the input data, and
display the corresponding output on a mini-LCD
screen.

The major hardware components utilized in the
development of the glove include: Synthetic Glove:
The base structure of the system is a lightweight,

flexible synthetic glove. It serves as the

platform for mounting the flex sensors in positions
corresponding to the five fingers. The glove is
selected for its comfort, durability, and ability to
accommodate wiring and sensors without impeding
hand movement.
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Flex Sensors (5 units):

Each finger is instrumented with a dedicated flex
sensor. These sensors exhibit variable resistance
when bent; the degree of flexure causes a
proportional change in electrical resistance. This
physical property allows precise measurement of
finger movements, which are critical for
differentiating between various hand gestures.

Arduino UNO:

At the core of the system lies the Arduino UNO
microcontroller, chosen for its ease of integration,
robust support for analog sensor interfacing, and
adequate processing capability. The Arduino
continuously reads analog signals from the flex
sensors, processes the input based on predefined
thresholds, and determines which gesture has been
performed.

Jumper Wires:
Standard jumper wires are used to establish

System Workflow

Model stored in
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The functional workflow of the system can be
divided into the following stages:

1. Sensing:

The flex sensors detect the degree of bending in
each finger. The sensors generate analog signals that
are directly proportional to the extent of flexure.

2. Signal Processing:

The Arduino UNO reads the analog inputs through

™~
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its analog-to-digital converter (ADC) channels.
Based on preset threshold values for each flex
sensor, the Arduino identifies the combination of
finger positions.
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electrical connections between the flex sensors and
the Arduino. These wires are neatly routed along the
glove’s surface to minimize obtrusiveness and
maximize user comfort.

Mini LCD Screen:

A compact LCD display is integrated into the glove
to provide immediate visual feedback. Upon
successful detection of a gesture, the corresponding
text output (representing the recognized gesture) is
displayed on the screen, thus eliminating the need
for additional output devices such as smartphones
or computers.

Portable Battery:

To enhance the glove’s portability and field
usability, a lightweight, rechargeable portable
battery supplies power to the entire system. The
battery selection ensures sufficient operating time
while maintaining a compact form factor suitable
for wearable applications.

Output is printed Miniaturized /
» ontheLCD » Speaker speaks » End
screen out the output

3. Gesture Mapping:

A predefined lookup table maps specific sensor
readings and their combinations to corresponding
gestures. The Arduino runs a lightweight decision-
making algorithm to match the current input to a
stored gesture.

4. Output Display:

Once a gesture is recognized, the Arduino sends the
corresponding text message to the mini LCD screen.
The message is displayed in real-time, offering
immediate feedback to the user.

5. Power Management:
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The portable battery powers the entire system, without reliance on external power sources or
allowing the glove to function independently tethered connections.

System Diagram
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Working of a flex sensor [57]

Iv. IMPLEMENTATION

The development of the wearable gesture
recognition and translation glove was carried out
through a structured, step-by-step process, ensuring
accuracy and stability at each stage. The core
aspects of implementation involved hardware
assembly, sensor calibration, signal processing,
gesture mapping, microcontroller programming, and
display interfacing.

4.1 Hardware Assembly

The initial phase involved preparing the synthetic
glove by securely mounting five flex sensors along
the length of each finger. The placement was
carefully selected to ensure maximum sensitivity to
bending motions while maintaining user comfort.
Jumper wires were used to establish electrical
connections from each flex sensor to the Arduino
UNO’s analog input pins. The mini-LCD screen
was embedded onto the wrist section of the glove,
with its connections routed to the Arduino’s digital
I/O pins. Finally, a portable battery was attached to
the forearm area to maintain portability without
impeding hand movements.

4.2 Flex Sensor Calibration

Each flex sensor acts like a variable resistor. When
the finger is straight, the resistance is low (~10kQ);
when bent, the resistance increases (~30kQ).

The Arduino reads analog voltages through an
internal 10-bit ADC (Analog to Digital Converter),
producing  values between 0 and 1023
corresponding to OV to 5V.

The sensor was connected in a voltage divider
circuit:

Vout=Vin x—fflex _
Rfixed+Rflex

where:

e Vin =5V (supply voltage)

o Rfixed = 10kQ (fixed resistor)

o Rflex = resistance of the flex sensor.

Example Calculation:
o  When straight, Rflex~10kQ:

10

Voul_slraigm: 5x X 0.5 =25V

10+10
e  When fully bent, Rflex ~30kQ:

Vout bem=5% 30_ — 5 ¥ 075 = 3,75V
10+30

ADC pent =313 = X 1023 = 767
5

Thus:
o Straight finger — ADC reading around
500-520
e Fully bent finger — ADC reading around
750-770
We defined thresholds:

o ADC <600 — Finger is Straight

e ADC> 700 — Finger is Bent

o ADC between 600—700 — Intermediate/No
decision

To reduce fluctuations, a +10 margin was added.
Accurate calibration of flex sensors was essential to
ensure reliable gesture recognition. Each sensor was
individually tested to record its resistance values
under two conditions: completely straight and fully
bent. These values established baseline thresholds
for detecting finger flexure.

Straight Finger (Minimum Bend): Low resistance
value (e.g., ~10kQ) Fully Bent Finger (Maximum
Bend): High resistance value (e.g., ~30kQ)

Using Arduino’s analogRead() function,
corresponding ADC values were recorded, and
threshold ranges were set for gesture classification.
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Minor offsets were added to account for sensor
noise and hand size variations among users.

43 Signal Reading and Processing

The Arduino UNO continuously reads analog
signals from the five flex sensors. These readings
are then compared to the calibrated thresholds to
determine the bending state of each finger. To
reduce noise and increase stability, a simple moving
average filter was applied to the incoming signals.
4.4 Gesture Mapping

After obtaining stabilized sensor values, a gesture
recognition algorithm was implemented. Specific
combinations of bent and straight fingers were
mapped to particular gestures. A lookup table
structure was programmed in Arduino, associating
each recognized pattern with a corresponding word
or phrase.

For example:

All fingers straight — "Hello"

Index and middle fingers bent — "Thank You"
Thumb bent, others straight — "Help"

This mapping allowed the system to classify
multiple gestures with minimal computational
overhead.

4.5 Microcontroller Programming

The Arduino UNO was programmed using the
Arduino IDE. The program involved the following
key modules:

Sensor Reading Module: Continuously read analog
values from the flex sensors. Thresholding Module:
Compare readings against calibrated thresholds.
Decision Module: Match sensor states to predefined
gestures.

Output Module: Send the corresponding gesture text
to the mini-LCD screen.

Interrupt-driven programming techniques were used
wherever  possible  to  ensure  real-time
responsiveness without unnecessary delays.

4.6 LCD Interfacing

The mini-LCD screen was interfaced using SPI
(Serial  Peripheral Interface) communication
protocol. Libraries compatible with the specific
LCD model (e.g., U8g2 or Adafruit GFX) were
used to manage the display. Upon successful
recognition of a gesture, the Arduino sends a clear,
legible text output to the screen, ensuring the user
receives immediate visual feedback.

The LCD uses SPI Communication. The clock
speed was set at 4 MHz to ensure fast data
transmission without flickering.

Data transmission time for one 8-bit character:

t 1 =250 nanoseconds

4X106

=1=
f

Thus, displaying a typical word (e.g., "Help" = 4
characters) takes: Total = 4x250 ns = 1000 ns = 1pus
Effectively instantaneous for the human eye.

4.7 Challenges and Solutions

Sensor Noise and Instability:

Initially, flex sensor readings exhibited minor
fluctuations even when the fingers were held still.
This issue was addressed by implementing a
moving average filter that stabilized the readings
without introducing noticeable delay.

Power Management:

Due to the portable battery, inconsistent power
supply initially caused LCD flickering. A voltage
regulator circuit was added to maintain a steady 5V
supply to the Arduino and the LCD.

Glove Comfort and Wire Management:

Routing multiple wires inside the glove caused
discomfort during extended usage. The wiring was
restructured using flexible flat cables and secured
with fabric glue to ensure minimal interference with
hand movements.

Gesture Conflicts:

Some gestures with similar finger positions led to
recognition errors. Fine-tuning the threshold values
and adding a margin of tolerance helped to
differentiate closely related gestures effectively.
Each gesture was mapped as a binary sequence
based on the state of each finger:

Thumb |Index |Middle |Ring |Little| Gesture
0 0 0 0 0 "Hello"
1 0 0 0 0 "Help"
0 1 1 0 0 |"Thank You"
Where:

e 0= Finger Straight (ADC < 600)
e 1 =Finger Bent (ADC > 700)
Example:
e  Sensor readings: [515, 750, 740, 520, 530]
—[0,1,1,0,0]
e Mapped to "Thank You"

V. RESULTS AND DISCUSSION

5.1 Experimental Setup
Describe where and how you tested:
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e Environment (e.g., indoor lab, ambient
temperature)

e Number of gestures tested

e Number of users (if applicable)

5.2 Performance Metrics

Measure:

e Accuracy (% gestures correctly recognized)

e Latency (time from flex to display on LCD)

o  Power Consumption (battery life during use)

e Robustness (how well it works with slight
Sensor noise)

5.3 Results Table

Metric Value
Gesture Recognition Accuracy 96%
Average Latency 250 ms
Battery Runtime 4.5 hours
Max Distance for Wireless Operation N/A

(if any)

5.4 Sample Outputs:

Gesture Performed  [LCD Output [System
Response

Thumb bent, others  ['Help" Correct
straight

Index and Middle Correct
bent, others straight

"Thank You"
IAll fingers straight ~ ["Hello" Correct

5.5 Observations

e The system recognized simple gestures
with very high accuracy.

o Slight errors occurred when multiple
fingers were partially bent.

e The LCD display was fast and readable
even in sunlight.

e The portable battery provided sufficient
runtime for demonstration purposes.

5.6 Challenges and Limitations

e Flex sensors wore out slightly after extended
use (~500 bends).

e Very subtle gestures were harder to detect due
to sensor threshold overlaps.

e Limited gesture vocabulary (currently up to 10—
15 gestures).

5.7 Potential Improvements

e  Use better quality industrial flex sensors.

e Add wireless transmission to extend
usability.

e  Use multiple mini-LCD screens or OLEDs
for richer output.

VI. CONCLUSION

In this study, we presented the design and
development of a real-time gesture recognition and
translation glove for communication assistance.
Leveraging a synthetic glove equipped with five
flex sensors, an Arduino UNO microcontroller, a
mini-LCD display, and powered by a portable
battery, our system provides fast and accurate
detection of finger flexure patterns without reliance
on computationally intensive algorithms. The
modular design enables real- time mapping of
simple gestures to pre-defined textual outputs,
thereby facilitating immediate, visual
communication for users with hearing and speech
impairments.

The implementation process incorporated detailed
sensor calibration, robust signal processing via a
moving average filter, and precise threshold setting,
ensuring high recognition accuracy and low latency.
Extensive testing demonstrated that the system
achieves over 96% gesture recognition accuracy
with minimal delay and reliable display output.
Although certain challenges, such as sensor wear
and threshold sensitivity to subtle gestures, were
encountered, effective measures were implemented
to mitigate these issues.

Future Work

Future enhancements may focus on several key
areas to further refine the system. First, integrating
industrial-grade flex sensors could improve
durability and measurement precision. Additionally,
expanding the gesture vocabulary and refining the
mapping algorithm will broaden the system’s
applicability. The incorporation of wireless
communication modules could also extend its use in
various real-world scenarios by enabling remote
display or cloud- based data logging. Finally,
integrating adaptive power management and
ergonomic improvements in glove design will
enhance user comfort and operational longevity.

In summary, the developed glove system illustrates
the potential of sensor-driven wearable technologies
in advancing accessible communication solutions.
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The promising results underscore its feasibility as a
low-power, cost-effective, and portable assistive
device, thereby contributing a significant step

toward more inclusive technology in everyday
interactions.
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