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['itle of the Project
Hand movement detection and real - time speech output system a communication
aid.

Introduction
Engineering Problem and Goal

Traditionally commumnication mids for the speech impaired have often been costly,
complex. or limited in their functionality. Many existing solutions require
specialized tramming or rely on pre-programmed phrases, which can be restrictive.
The challenge is to create a system that 1s both affordable and intuitive, allowmg
for a more natural and fluid conversation. By focusing on a hand-gesture-to-speech
system, we can empower users to communicate with a broader audience who may
not understand sign langnage.

Hand movement detection and real-time speech output systems a communication
aid Hand gestures. particularly sign language, are a powerful and expressive form
of commumication. For ndividuals who are non-verbal or have difficulty speaking
a system that can accurately interpret these gestures and convert them into speech
in real time would be a transformative aid. This project aims to develop such a
system using a combination of hardware and software, offering a low-cost and
portable solution. The goal 1s to provide a rehable and efficient commumication
tool that can be used 1n various settings, from personal conversations to
educational and professional environments.

METHODS

The system's operation 15 based on a structured process that can be achieved
through two primary approaches:

1. Sensor-based approach:

This method uses physical sensors to capture hand and finger movements. The
most common setup involves a glove with flex sensors placed along each finger
and an accelerometer to measure hand onientation. The basic How 15 as follows:



e Sensmg: As the user makes a gesture, the flex sensors bend, and therr

electrical resistance changes. The accelerometer detects the tilt or orientation
of the hand.

e Data Acqusttion: A microcontroller (like an Ardumo or ESP32) reads the
analog data from the sensors.

e Data Processing: The microcontroller converts the resistance values into
dizital data and compares them against a pre-programmed hbrary of
gestures.

o Transzlation: When a match 1= found, the microcontroller sendz a command
to a text-to-speech module or a connected device (like a smartphone) to
generate the corresponding audio.

2_Vision-based approach:
This method uses a camera and computer vision algorithms to detect and mterpret
gestures without any wearable hardware. The process mvolves:

e Image Capture: A camera (webcam. smartphone camera_ etc.) captures a
video stream of the user's hand.

e Pre-processing: The video frames are processed fo 1solate the hand from the
background. Techmques hike skin color segmentation or contour detection
are used for this step.

e Feature Extraction: The system identifies key features of the hand, such as
the position of the fingers. the shape of the hand, and the angles between
joints.

e Gesture Recogmtion: Deep leaming models, such as Convolutional Neural
Networks (CNNs) or Long Short-Term Memory (LSTM) networks, are
tramed on large datasets of hand gestures to classify the detected featuras
and match them to specific words or phrases.



¢ Translation and Speech Output: Once the gesture 15 racogmzed, a text-to-
speech engine converts the corresponding fext into andio,
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Independent Variables: These are the factors that will be manipulated or changed
during the project to observe ther effect on the system's performance.

e Sensor type and placement: Using different types of sensors (flex sensors,
accelerometers) and varving their position on the hand.

e Number of gestures in the database: The size and complexity of the gesture
vocabulary that the system 1s tramed to recogmze.

e Algonthmic approach: Whether the system uses a sensor-based method. a
vision-based method. or a hybnid of both.
Dependent Variables: These are the measurable outcomes that will be observed
and recorded.

e Gesture recogmition accuracy: The percentage of gestures that the system
correctly identifies.

e Latency: The iime delay between a hand gesture being made and the speech
output being generated.

e System portability and cost: The final size. weight, and total cost of the
profotype.

By varying the independent vanables, such as the number of gestures the system
can recogmze, we can test and measure their effects on the dependent variables,
like the system's accuracy and speed.
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Our hypothes:s 1s that a portable and cost-effective hand movement detection and
real-time speech output system can be successfully created. The system. leveragmg
a combination of hardware sensors and a microcontroller, will be able to accurately
recogmze a predefined set of hand gestures and translate them mto audible speech
with mumimal latency, providing an effective communication aid.

STEP BY STEF PROCEDURE
A step-by-step guide to building the sensor-based prototype:
1. Hardware Assembly:

* Mount the sensors: Securely attach one flex sensor to each finger of the glove. A
small accelerometer can be placed on the back of the hand.

* Connect the sensors to the microcontroller: Use jumper wires to connect the flex
sensors and the accelerometer to the analog and digital pins of the microcontroller.
The flex sensors will be part of a voltage divider circuit to provide a readable

analog signal.

* Integrate the TTS module and speaker:
Connect the TTS module to the microcontroller and wire the speaker to the

module's output pins.

* Enclose the components: Mount the microcontroller, breadboard, and battery on
a small, rigid base that can be wom on the wrist.

2. Programmuing the Microcontroller

Calibration: Write a program to read the initial sensor values with the hand ina
relaxed, open position. Then, measure the values for each finger when bent. These
values will serve as your baselines.



* Gesture Mapping: Create a set of gestures and map them to specific words or
phrases. For example, a fist might correspond to "Hello,” and a thumbs-up might
h “TEE. "

* Conditional Logic: Use 1felse statements m vour code to compare the real-time
sensor readings to the calibrated values. If the sensor values match the pattern fora

specific gesture, tngger the correspondmg action.

* Triggening Speech: When a gesture 15 recogmized, send a command to the TTS
module to play the associated audio file or generate the speech.

3. Testing and Refinement

* Individual Component Testing: Test each component separately to ensure 1t 1s
functioming correctly. Check the sensor readmgs m the seral monitor of your
programming environment (e.g.. Arduino IDE).

* Gesture Recognition Test: With the full system assembled, perform each gesture
and observe if the correct text or audio 15 tnggered.

* Adjusting Sensitivity: You may need to adjust the threshold values 1n your code
to account for variations in hand size and movement.

* Real-world Testing: Test the prototype in different lighting conditions and
environments to identify any limitations.



SCOPE OF THE PROJECT:
The primary objective of this project 1s to create a functional prototyvpe of a hand
movement detection and real-time speach output system. This mvolves:

e Detecting and classifyimng hand gestures: The system must be able to
accurately identify and distinguish between different hand movements and

positions.

¢ Translating gestures to text: The recognized gestures should be converted
into corresponding words or phrases.

e Generating real-time speech output: The text must be immediately
converted into audible speech using a text-to-speech (TTS) engine

e Ensunng portability and low cost: The final device should be compact,
easy to use, and built with affordable components to make it accessible to a
wide range of people.

Risk Factors and Safety:
The project carries minimal risks_ but a few precautions should be taken:

* Electrical Safety: Ensure all wirmg iz correct to avoid short circurts. which can
damage components or cause a fire hazard. Always double-check connections
before applying power.

* Component Handling: Components like microcontrollers and sensors are
sensitive to static electricity. Handle them carefully to prevent damage.

* Ergonomics: The design of the glove and the placement of the components
should be comfortable and not restrict hand movement.

* Data and Privacy: If a vision-based approach 15 used, ensure that the system
does not store or transmut any personal video data without explicit user consent.



Data Analvsis

Data analysis will focus on quantitative and qualitative measures to evaluate the
system's performance.

Accuracy Table: A table can be created to log the number of attempts and
successful recognitions for each gesture. This will provide a clear measure of the
system's accuracy.

| Gesture | Total Attempts | Successful Recopmtions | Accuracy (%) |

e R

| "Hello" (Fist) | 20 | 18 | 90% |

| "Yes" (Thumbs Up) | 20| 191 95% |

| cifit fommfiah

* Latency Measurement: Use a timer function in the code to measure the time
from when a gesture 1s detected to when the speech output begms. This will help i
optimizing the system for real-time performance

* User Feedback: Collect qualitative data through mterviews and surveys with
potential users. Their feedback will be crucial in improving the system's usability
and functionality
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