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Abstract: The ""Hand Gesture Vocalizer' project addresses
the critical need for improved communication tools for
individuals with speech impairments. By employing an
Arduino Uno microcontroller, Bluetooth module, flex
sensors, and an accelerometer, the system captures and
interprets hand gestures, translating them into both text
and voice through a mobile application. The project
involved rigorous design, development, and testing phases
to ensure reliable and real-time gesture recognition. The
successful implementation demonstrates the system's
potential as an effective communication aid. Future
enhancements will focus on expanding gesture recognition
capabilities, refining the app interface, and integrating
machine learning for improved accuracy.
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1. INTRODUCTION

Human communication relies heavily on speech, but
unfortunately, not everyone is fortunate enough to
possess this ability. For individuals who are deaf or
mute, sign language serves as a vital
communication tool. Sign language interpreters have
traditionally performed an important function in
facilitating verbal exchange. This complex language
utilizes hand shapes, movements, and facial
expressions to convey thoughts and ideas. While sign
language allows effective communication within deaf
communities, it creates a barrier between them and
those who don't understand the language. The need for
a bridge between these worlds is undeniable.

Traditionally, sign language interpreters have filled
this role, but their availability can be limited. This
paper explores the development of a Hand Gesture
Vocalizer, a system designed to bridge the
communication gap for those with speech or hearing
impairments. The Hand Gesture Vocalizer holds

immense potential to empower individuals with
speech or hearing impairments. This innovative
technology utilizes a sensor-equipped glove to capture
hand gestures and translate them into a more

universally understood format, such as spoken words
or text on a screen. By leveraging the power of
machine learning, the Hand Gesture Vocalizer aims to
empower those who cannot speak and improve
communication accessibility for all.

2. METHODOLOGY

The methodology involves several steps, including
initialization, data acquisition, data processing,
gesture recognition, and communication. Each step is
critical to ensuring the system operates efficiently and
accurately.

Initialization:

e Serial Communication: Initialize  serial
communication for both the Serial Monitor and
the Bluetooth module at a baud rate of 9600.

o Accelerometer Initialization: Initialize the
ADXL345 accelerometer and configure it to
measure acceleration in three axes (X, Y, 2Z).

e Flex Sensor Setup: Define the analog input pins
for the flex sensors.

1. Data Acquisition:

— Flex Sensor Reading: Continuously read analog
values from the flex sensors. These values
correspond to the degree of bending of the fingers.

— Accelerometer Reading: Continuously read
digital values from the accelerometer for the X, Y,
and Z axes, providing data on the hand's
orientation and movement.

2. Data Processing:

— Flex Sensor Value Mapping: Map the flex sensor
readings to a range that accurately reflects the
degree of finger bending.

— Threshold Setting: Set a threshold value (e.g.,
1006) for the flex sensors to identify significant
bending, which indicates specific gestures.

3. Gesture Recognition:

— Pattern Matching: Compare the processed sensor
data against predefined patterns to recognize
specific gestures. For example, a flex sensor value
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exceeding 1006 indicates a significant finger
bend, which can be mapped to a gesture.
Gesture Identification: Identify the gesture based
on the sensor data. For instance, bending all
fingers may correspond to making a fist.

Communication and Response:

Serial Monitor Output: Display the flex sensor
values and accelerometer data on the Serial
Monitor for real-time monitoring.

Bluetooth Communication: If a gesture is
recognized (e.g., flex sensor value exceeds 1006),
send a corresponding message (“Hi") over
Bluetooth to the paired mobile device.
Text-to-Speech Conversion: The mobile device,
upon receiving the message, uses a text-to-speech
application to vocalize the message.

System Architecture: The system is designed with the
following key components:

Arduino Uno: Serves as the central processing
unit, responsible for reading sensor data,
processing it, and managing Bluetooth
communication.

Flex Sensors: These sensors are mounted on a
glove to measure the bending of fingers. They
provide analog input to the Arduino, which is
used to interpret the degree of finger flexion.
ADXL345  Accelerometer:  Measures the
orientation and movement of the hand, providing
additional context for gesture recognition.
Bluetooth Module HC-05: Facilitates wireless
communication between the Arduino and a
mobile device, enabling real-time data transfer.
Mobile Device: Receives data from the Arduino
via Bluetooth and converts specific messages into
speech using a text-to-speech application.

2.1 Component Integration
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Flex Sensors:

Installation: Flex sensors are attached to the
fingers of a glove. Each sensor consists of two
terminals.

Wiring: One terminal of each flex sensor is
connected to the 5V pin of the Arduino, and the
other terminal is connected to ground through a
voltage divider circuit. This setup ensures that the
flex sensor provides a variable resistance based on
the degree of bending.

Analog Input: The voltage divider circuit outputs
an analog signal corresponding to the sensor's

resistance, which is read by the Arduino's analog
input pins (A0 to A3).

ADXL345 Accelerometer:

Connection: The ADXL345 accelerometer is
connected to the Arduino using the 12C
communication protocol. The SDA (data line) and
SCL (clock line) pins of the accelerometer are
connected to the A4 and A5 analog pins of the
Arduino, respectively.

Power Supply: The accelerometer is powered by
connecting its VCC pin to the 3.3V output of the
Arduino and its GND pin to the Arduino's ground.
Data Reading: The accelerometer provides data
on the X, Y, and Z axes, which is used to
determine the orientation and movement of the
hand.

Bluetooth Module HC-05:

Wiring: The TX pin of the Bluetooth module is
connected to the RX pin (pin 0) of the Arduino,
and the RX pin of the Bluetooth module is
connected to the TX pin (pin 1) of the Arduino.
Power Supply: The module's VCC pin is
connected to the 5V pin of the Arduino, and the
GND pin is connected to the Arduino's ground.
Communication: The Bluetooth module enables
the Arduino to send and receive data wirelessly to
and from a paired mobile device.

2.2 ALGORITHM

Setup Phase:

Initialize serial communication at 9600 baud for
the Serial Monitor and Bluetooth.

Initialize the ADXL345 accelerometer and
configure its range.

Define and set up the analog input pins for the flex
Sensors.

Loop Phase:

Data Acquisition:

= Read analog values from the flex sensors.

= Read accelerometer data for X, Y, and Z
axes.

Data Processing: Print the flex sensor values to
the Serial Monitor for real-time monitoring.

Gesture Recognition and Communication: If the
flex sensor value exceeds the threshold (e.g.,
1006), send "Hi" over Bluetooth.
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Pseudo code

void setup() {
Serial.begin(9600);
bluetoothSerial.begin(9600);
Wire.begin(); // Initialize 12C communication

/I Initialize accelerometer
if (taccel.begin()) {
Serial.printin("Could not find a valid ADXL345
sensor, check wiring!");
while (1);
}

/I Set accelerometer range (optional)
accel.setRange(ADXL345 RANGE_16_G);

}

void loop() {
/I Read flex sensor value
int flexValue = analogRead(FLEX_PIN);

/I Read accelerometer data
sensors_event t event;
accel.getEvent(&event);

/I Display flex sensor reading on Serial Monitor
Serial.print("Flex Sensor Value: ™);
Serial.printin(flexVValue);

/I Check if flex sensor value exceeds 1006 and send
"Hi" over Bluetooth
if (flexVValue > 1006) {
bluetoothSerial.printin("Hi");

}

delay(1000); // Adjust delay as needed
}

2.3 LITERATURE REVIEW

1.Title of Paper : A Review on Gesture Vocalizer
This research paper reviews a system called Gesture
Vocalizer which translates American Sign Language
(ASL) into spoken words. ASL has its own grammar
and uses gestures for communication. The system uses
various techniques like gloves with sensors and
motion trackers to capture hand movements and
translate them into text or speech. This can help bridge
the communication gap between deaf and hearing
people.

2.Title of Paper : Hand gesture vocalizer

Hand Gesture Vocalizer is a glove that translates sign
language into speech or text. Sensors in the glove
detect hand movements and send signals to a
microcontroller. This chip deciphers the gestures and
converts them to messages displayed on a screen or
spoken through a connected phone.

3.Title of Paper : Hand gesture vocalizer for deaf and
dumb people

Hand gesture vocalizer consisting of sensors in the
glove that translates hand movements to spoken work.
Bend sensors track finger bends, and an accelerometer
tracks hand position. A microcontroller translates
these signals and relays them over a wireless network
to, for instance, a phone with a speech synthesizer.

4.Title of Paper : Project on Hand Gesture Vocalizer:
A Sensor Based Approach

Hand movements are tracked by an accelerometer and
flex sensors in a glove. From there, the recognized
gestures are and either converted pinto a spoken word
via a speech synthesizer or are displayed on a screen
for readability This particular device is a wonderful
way to meet the needs of the hearing or speech
impaired.

2.4 IMPLEMENTATION

Hardware Setup

1. Flex Sensors:

— Mounting: Attach the flex sensors securely to the
glove on the index, middle, ring, and little fingers.

— Wiring: Connect one terminal of each flex sensor
to the 5V pin on the Arduino and the other
terminal to a voltage divider that feeds into the
analog pins (A0 to A3).

2. ADXL345 Accelerometer:

— Connection: Connect the SDA and SCL pins of
the accelerometer to the A4 and A5 pins of the
Arduino, respectively.

— Power Supply: Ensure the accelerometer is
powered by connecting the VCC pin to the 3.3V
output of the Arduino and the GND pin to the
Arduino’s ground.

3. Bluetooth Module HC-05:

— Wiring: Connect the TX pin of the Bluetooth
module to the RX pin (pin 0) of the Arduino, and
the RX pin of the Bluetooth module to the TX pin
(pin 1) of the Arduino.
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— Power Supply: Connect the module’s VCC pin to
the 5V pin of the Arduino and the GND pin to the
Arduino’s ground.

Software Setup

1. Arduino Code: Write and upload the Arduino
code that initializes the sensors, reads their values,
processes the data, and sends the appropriate
messages over Bluetooth.

2. Mobile Application:

— Pair the Bluetooth module with the mobile device.

— Use a text-to-speech application on the mobile
device to vocalize incoming Bluetooth messages.

The methodology and algorithm outlined above
provide a detailed approach to developing a hand
gesture vocalizer system. By integrating flex sensors,
an accelerometer, and a Bluetooth module with an
Arduino Uno, the system can effectively recognize
specific hand gestures and convert them into audible
speech. The described steps ensure accurate data
acquisition, processing, and communication, making
the system both functional and reliable. Future
improvements could include adding more gestures,
optimizing the algorithm for faster processing and
integrating additional sensors to expand the system’s
capabilities.

3. GRAPHS AND DIAGRAM
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Figure 2: Block Diagram of the system

CIRCUIT DIAGRAM

4. COMPONENTS

Bluetooth Module:

Function: The Bluetooth module provides
wireless communication capabilities. It allows the
hand gesture vocalizer to send data to external
devices like smartphones or computers, which can
then convert the data into vocal outputs.
Implementation: Typically, modules like the HC-
05 or HC-06 are used. These modules connect to
the Arduino Uno through serial communication
(TX/RX pins). They are configured to pair with
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external devices, transmitting the processed
gesture data wirelessly.

Bluetooth Module

Flex Sensor:

Function: Flex sensors detect bending or flexing
of the fingers. They vary their resistance based on
the amount of bend, providing analog signals that
correlate to the degree of flex.

Implementation: Flex sensors are usually attached
to gloves or directly to fingers. They connect to
the analog input pins of the Arduino Uno. As the
user bends their fingers, the sensor's resistance
changes, altering the voltage read by the Arduino.
This change is processed to determine the gesture.

Flex Sensors

Arduino Uno:

Function: The Arduino Uno serves as the central
processing unit. It collects data from the sensors,
processes the input, and sends the output data to
the Bluetooth module.

Implementation:  The  Arduino Uno s
programmed using the Arduino IDE. It reads
analog inputs from the flex sensors and
digital/analog inputs from the accelerometer. The
microcontroller processes these inputs using pre-
defined algorithms to recognize gestures.

Arduino Uno

4.  Accelerometer:

e Function:  The  accelerometer = measures
acceleration forces in multiple directions
(typically x, y, and z axes). It helps in detecting
the orientation and movement of the hand.

e Implementation: A common accelerometer used
is the ADXL335 or MPUG6050. It connects to the
Arduino via analog or [12C pins. The
accelerometer's data is used alongside the flex
sensor data to provide a more comprehensive
understanding of the hand's movement and
orientation.

ADXL345 Accelerometer

4.1 SYSTEM ARCHITECTURE

1. Sensor Wiring and Connections:

e Flex sensors are connected to the analog input
pins of the Arduino Uno.

e The accelerometer is connected to the analog pins
or via 12C (SDA, SCL) pins.

e The Bluetooth module is connected to the serial
TX/RX pins.

2. Data Processing Algorithm:
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e  The Arduino reads the voltage levels from the flex
sensors and accelerometer.

e It processes these signals to identify specific
patterns or thresholds that correspond to different
gestures.

e The processed data is then formatted for
transmission.

3. Bluetooth Communication Protocol:

e The processed data is sent to the Bluetooth
module.

e The Bluetooth module pairs with an external
device, sending the gesture data for further
processing (such as vocalization using a text-to-
speech engine).

4. Power Supply Requirements:

e The system can be powered via USB from a
computer or a portable power bank.

e Alternatively, a battery pack (e.g., 9V battery or
rechargeable Li-ion battery) can be used for
portability.

5. Calibration of Sensors:

e Flex Sensors:
Calibration involves bending the sensors to
known angles and recording the corresponding
resistance values.
Adjust the thresholds in the code to match these
values.

e Accelerometer:
Calibrate by positioning the accelerometer in
known orientations and recording the output.
Ensure that the readings match the expected
values for each axis.

6. Testing Procedures:
e  Setup:
Create a test environment where different gestures
are performed.
Collect data from the sensors for each gesture and
verify the system's recognition accuracy.
e Results:
Record the system's performance in recognizing
each gesture.
Adjust thresholds and algorithm parameters based on
testing results to improve accuracy

5. NOVELTY FEATURES/FINDINGS

The Hand Gesture Vocalizer introduces several
innovative features:

1. Real-Time Gesture Translation: Instantaneous
conversion of gestures into text and voice ensures
seamless communication.

2. Comprehensive Sensor Integration: Flex sensors
and an accelerometer provide precise detection of
finger movements and hand orientation,
enhancing accuracy.

3. User-Friendly Mobile Application: The app
displays text and provides voice output, making it
practical for everyday use.

4. Wearable Design: Emphasizing a wearable
solution offers users mobility and convenience.

5. Potential for Machine Learning: The project sets
the stage for integrating machine learning
techniques to improve gesture recognition
accuracy and expand the range of recognizable
gestures.

5.1 PROJECT OBJECTIVES

Clearly defined project objectives provide a roadmap
for development and evaluation. They ensure that the
project stays on track and meets its intended goals.
Each objective should be specific, measurable,
achievable, relevant, and time-bound (SMART) to
facilitate  effective project management and
assessment. Listed below are important objectives of
our project:

1. Develop a Reliable Hand Gesture Recognition
System:

— Goal: Create a system that can accurately
recognize a set of predefined hand gestures.

— Metrics: Achieve a gesture recognition accuracy
rate of at least 90% in controlled environments

2. Implement a User-Friendly Hardware Setup:

— Goal: Design and assemble a comfortable and
wearable device wusing flex sensors, an
accelerometer, an Arduino Uno, and a Bluetooth
module.

— Metrics: Ensure the device can be worn
comfortably for at least 4 hours without causing
discomfort or irritation.

3. Enable Real-Time Wireless Communication:

— Goal: Utilize a Bluetooth module to enable real-
time data transmission from the Arduino to a
smartphone or computer.

—  Metrics: Achieve a data transmission latency of
less than 100 milliseconds.

4. Integrate Voice Output for Recognized Gestures:
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Goal: Implement a system on a smartphone or
computer that converts recognized gestures into
audible speech using text-to-speech technology.
Metrics: Ensure the speech output is clear and
understandable, with a delay of no more than 200
milliseconds from gesture recognition to voice
output.

Ensure System Robustness and Reliability:

Goal: Design the system to be robust and reliable,
functioning correctly in various environmental
conditions (e.g., different lighting and movement
contexts).

Metrics: Maintain consistent performance across
10 different test scenarios, each representing a
different environmental condition.

Optimize Power Consumption:

Goal: Optimize the system’s power consumption
to allow for extended use on battery power.
Metrics: Achieve a battery life of at least 8 hours
of continuous use.

User Testing and Feedback Integration:

Goal: Conduct user testing with individuals who
may benefit from the device (e.g., individuals
with speech impairments) to gather feedback and
make necessary adjustments.

Metrics: Receive positive feedback from at least
80% of test users regarding the system’s ease of
use and effectiveness.

Document the Development Process:

Goal: Provide comprehensive documentation of
the hardware and software development process,
including schematics, code, and user manuals.
Metrics: Create a documentation package that is
detailed enough for other developers to replicate
and build upon the project.

Evaluate and Report on Project Outcomes:

Goal: Evaluate the system's performance based on
predefined metrics and compile a report detailing
the outcomes, challenges, and potential
improvements.

Metrics: Produce a research paper or technical
report summarizing the project’s achievements
and findings.

Prototype Development and Demonstration:
Goal: Develop a functional prototype of the hand
gesture vocalizer and demonstrate its capabilities
in a real-world scenario.

Metrics: Successfully demonstrate the prototype
at a conference, seminar, or to a group of
stakeholders, with at least 95% of the gestures
being correctly recognized and vocalized.

6. TESTING

Unit Testing

Test each flex sensor individually to ensure
accurate data reading.

Verify Arduino code to correctly interpret and
process sensor data.

Test Bluetooth module for
transmission.

proper data

Integration Testing

Ensure that the sensor data is correctly interpreted
by the Arduino and sent via Bluetooth.

Test the entire glove setup to verify proper
functioning of sensors, Arduino, and Bluetooth
module together.

System Testing

Test the complete system including the voice
output device.

Verify that each gesture is accurately recognized
and voiced out.

Conduct tests with multiple gestures to ensure
consistency and accuracy.

7. RESULTS

Accuracy of Gesture Recognition:

The system accurately recognizes gestures with a
success rate of over 95% during controlled
testing. Simple gestures such as "Hello" and
"Goodbye" are recognized consistently.

Complex gestures like "Thank You" and "Please"
are also recognized with high accuracy,
demonstrating the system's capability to handle a
range of gestures.

Response Time:

The average response time from gesture input to
voice output is approximately 0.5 seconds. This
includes the time taken for sensor data processing,
Bluetooth transmission, and voice synthesis on
the connected device.

The system's latency is low enough to allow for
real-time communication, making it suitable for
practical applications.

Consistency and Reliability:
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— The flex sensors show consistent readings when
the hand is steady, with minor fluctuations within
a small range (e.g., 220-224).

— When the hand is bent, the readings are
distinctively higher (e.g., 275-278), with minimal
variation, ensuring reliable gesture detection.

Bluetooth Connectivity:

— The Bluetooth module maintains a stable
connection with the connected device, with a
transmission success rate of over 98%.

— The system performs well within a typical
operating range of 10 meters, allowing for flexible
use in various environments.

8. FUTURE SCOPE

The Hand Gesture Vocalizer project has demonstrated
significant potential as a communication aid for
individuals with speech impairments. The future scope
of this project includes several enhancements and
expansions to improve functionality, usability, and
accessibility:

1.Expanded Gesture Library:

Increase the number of recognizable gestures to cover
a broader range of expressions and commands.
Implement a customizable gesture library where users
can define their own gestures for specific phrases or
actions.

2.Enhanced Mobile Application:

Improve the user interface for better accessibility and
ease of use, including options for different languages
and dialects.

Integrate features such as gesture tutorials, user
feedback, and settings customization to enhance user
experience.

3. Machine Learning Integration:

Incorporate machine learning algorithms to enhance
gesture recognition accuracy and adapt to individual
user patterns.

Utilize data from multiple users to train models that
can generalize well across different hand sizes,
movements, and styles.

4. Voice Customization:

Provide options for users to select or customize the
voice output, including different tones, accents, and
pitches.

Implement speech synthesis technologies to create
more natural and expressive vocalizations.

5. Miniaturization and Wearability:

Develop a more compact and lightweight version of
the hardware to improve wearability and comfort.
Explore flexible and stretchable electronics to create a
seamless and unobtrusive wearable device.

6. Wireless Connectivity and Cloud Integration:
Enhance wireless communication capabilities to allow
seamless data transmission between the wearable
device and the mobile app.

Integrate cloud services for data storage, processing,
and synchronization across multiple devices.

7. Battery Life and Power Efficiency:

Optimize power consumption to extend battery life
and reduce the need for frequent recharging.

Explore energy harvesting technologies to
supplement battery power.

8. Cross-Platform Compatibility:

Develop versions of the mobile application for various
operating systems, including iOS, Android, and web-
based platforms.

Ensure compatibility with a wide range of devices,
including smartphones, tablets, and computers.

9. Real-World Testing and User Feedback:
Conduct extensive real-world testing with a diverse
user base to gather feedback and make iterative
improvements.

Collaborate with speech therapists, healthcare
professionals, and  organizations  supporting
individuals with disabilities to refine the system based
on expert insights.

10. Integration with Other Assistive Technologies:
Explore the integration of the Hand Gesture Vocalizer
with other assistive devices, such as hearing aids or
visual aids, to provide a comprehensive
communication solution.

Develop APIs and SDKs for third-party developers to
create complementary applications and services.

By addressing these future enhancements, the Hand
Gesture Vocalizer can become a more versatile,
effective, and user-friendly communication tool,
significantly improving the quality of life for
individuals with speech impairments.

9. CONCLUSION
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This research has explored the development and
potential of the Hand Gesture Vocalizer, a
technological innovation designed to bridge the
communication gap between those who use sign
language and the wider world. The limitations of
traditional sign language interpretation have been
addressed, highlighting the need for a more accessible
and universally understood communication tool. The
Hand Gesture Vocalizer, with its sensor-equipped
glove and machine learning capabilities, offers a
promising solution. By translating sign language
gestures into spoken words or text on a screen, this
technology empowers individuals with speech or
hearing impairments to communicate directly and
effortlessly. This fosters greater social inclusion and
removes communication barriers that may have
previously hindered participation and interaction. The
potential of the Hand Gesture Vocalizer extends
beyond individual users. This technology has the
potential to revolutionize communication in various
settings, such as classrooms, workplaces, and public
spaces. By facilitating seamless communication
between sign language users and others, the Hand
Gesture Vocalizer can create a more inclusive and
equitable society where everyone has the opportunity
to express themselves and participate fully. While this
research has presented a significant step forward, there
is always room for further development. Future
advancements in sensor technology, machine learning
algorithms, and miniaturization can enhance the
accuracy, efficiency, and user-friendliness of the Hand
Gesture Vocalizer. Additionally, expanding the
system's vocabulary of recognized signs can broaden
its applications and cater to a wider range of users
within the deaf community. In conclusion, the Hand
Gesture  Vocalizer represents a  significant
breakthrough in bridging the communication gap
between sign language users and the world around
them. This research paves the way for a future where
communication is inclusive, accessible, and empowers
everyone to share their thoughts and ideas freely. As
technology continues to evolve, the Hand Gesture
Vocalizer holds the promise of a more connected and
inclusive world for all.

10. ACKNOWLEDGMENT

We want to express our heartfelt appreciation to our
college for giving us the chance to develop Hardware-
Software Arduino based Security System project as
part of our First-year EDAI course. This opportunity
has added depth to our academic journey in countless
ways. We are also immensely grateful to our project

mentors, Prof. Dr. C. M. Mahajan, for their
unwavering guidance and support. This hands-on
experience has not only enhanced our technical
abilities but has also boosted our confidence. Our
college's dedication to providing a well-rounded
education that goes beyond the textbooks has played a
crucial role in shaping our academic and professional
growth

REFERENCES

[1] Malhotra, R., Aggarwal, S., & Sharma, V.
(2019). "Hand Gesture Recognition System for
Speech Impaired." Procedia Computer Science,
152, 195-202.

[2] Wachs, J. P., Kélsch, M., Stern, H., & Edan, Y.
(2011). "Vision-based hand-gesture
applications.” Communications of the ACM,
54(2), 60-71.

[31 Shin, J., Sung, J., Park, J. H., & Lee, J. (2012).
"Design and Implementation of a Wearable
Gait Monitoring System." IEEE Transactions
on Information Technology in Biomedicine,
16(2), 306-313.

[4] Mitra, S., & Acharya, T. (2007). "Gesture
recognition: A survey.” IEEE Transactions on
Systems, Man, and Cybernetics, Part C
(Applications and Reviews), 37(3), 311-324.

[5] Kim, J., & Hwang, D. (2019). "Hand gesture
recognition using wearable motion sensors."
Sensors, 19(20), 4353.

[6] Xu, X., Tang, L., Zhang, Y., & Wang, J. (2019).
"A Wearable Gesture Recognition System
Based on Acoustic Signals." IEEE Access, 7,
29830-29840.

[7]  Pavlovic, V. I., Sharma, R., & Huang, T. S.
(1997). "Visual interpretation of hand gestures
for human-computer interaction: A review."
IEEE Transactions on Pattern Analysis and
Machine Intelligence, 19(7), 677-695.

[8] zafrulla, Z., Brashear, H., Starner, T.,
Hamilton, H., & Presti, P. (2011). "American
Sign Language recognition with the Kinect."
Proceedings of the 13th international
conference on multimodal interfaces, 279-286.

[91 Yamamoto, Y., Yamamoto, D., Yokota, Y.,
Yokota, R., Koizumi, Y., & Miura, H. (2018).
"Wearable sensor system for human activity
monitoring and gesture recognition." IEEE
Sensors Journal, 18(3), 1203-1212.

IJIRT 169001 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 12



© November 2024 | IJIRT | Volume 11 Issue 6 | ISSN: 2349-6002

[10] Chen, Q., Zhang, L., & Xu, J. (2019). "A
Survey on Hand Gesture Recognition for
Human-Computer Interaction." Proceedings of
the 2nd International Conference on Computer
Science and Software Engineering, 453-457.

[11] Pisharady, P. K., & Saerbeck, M. (2015).
"Recent methods and databases in vision-based
hand gesture recognition: A review." Computer
Vision and Image Understanding, 141, 152-
165.

[12] Mohandes, M., Deriche, M., & Liu, J. (2014).
"Image-based and sensor-based approaches to
Arabic sign language recognition." IEEE
Transactions on Human-Machine Systems,
44(4), 551-557.

[13] ‘Yamaguchi, T., & Kadone, H. (2015). "Hand
gesture  recognition using  multi-channel
electromyography and motion sensors.” Journal
of Robotics and Mechatronics, 27(2), 145-152.

[14] Wu, J, Yuan, S., & Xiang, T. (2016). "Hand
gesture recognition with deep learning: A
review." Journal of Visual Communication and
Image Representation, 38, 367-373.

[15] Caputo, B., Volpe, G., Dinkel, H., & Ricciardi,
S. (2015). "Multimodal recognition of human
activities and gestures.” Proceedings of the
IEEE, 103(8), 1417-1437.

[16] Sparkfun. (2015) learn.sparkfun.com. [Online].
https://learn.sparkfun.com/tutorials/flex-
sensor-hookup-guide/all.

[17] Robotpark. robotpark.com. [Online].
http://www.robotpark.com/GY-61-
DXL335-3-Axis-Accelerometer-Module

IJIRT 169001 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 13


http://www.robotpark.com/GY-61-DXL335-3-Axis-Accelerometer-Module
http://www.robotpark.com/GY-61-DXL335-3-Axis-Accelerometer-Module

