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ABSTRACT: Communication between hearing-impaired individuals and normal people is often limited due to the lack
of understanding of sign language. This paper presents a real-time vision-based system for the conversion of sign
language into text and voice using computer vision techniques. The proposed system uses a webcam to capture hand
gestures, MediaPipe for accurate hand landmark detection, OpenCV for real-time image processing, and pyttsx3 for
offline text-to-speech conversion. A predefined set of commonly used hand gestures is recognized based on finger
position analysis and mapped to corresponding textual output, which is further converted into audible speech. The
system works in real time, does not require any wearable devices, and provides an affordable and user-friendly
communication aid for hearing- and speech-impaired individuals.

KEYWORDS: Sign Language Recognition, Computer Vision, Hand Gesture Recognition, MediaPipe, OpenCV,
Text-to-Speech.

I. INTRODUCTION

Sign language is the primary mode of communication for hearing- and speech-impaired individuals. However, the
majority of the population does not understand sign language, which creates a communication gap and often leads to
social isolation. To overcome this problem, automated sign language recognition systems have gained significant
attention in recent years. These systems aim to translate hand gestures into readable text or audible speech, enabling
smooth interaction between impaired and non-impaired individuals.

With advancements in computer vision and machine learning, real-time gesture recognition has become more
accurate and efficient. Vision-based approaches using cameras are preferred over glove-based systems as they
eliminate the need for additional hardware and provide a natural interaction experience. This project focuses on
converting sign language gestures into text and voice in real time using Python-based computer vision libraries.

The proposed system recognizes a set of predefined hand gestures commonly used in daily communication such as
greetings, acknowledgements, and commands. The system is designed to be simple, low-cost, and suitable for
academic as well as real-world assistive applications.

Communication is a fundamental part of human life. It enables individuals to express thoughts, emotions, needs, and
ideas. However, for hearing and speech impaired individuals, communication with the normal world becomes a major
challenge due to the lack of understanding of sign language among the general population. Sign language is the primary
and most natural mode of communication for deaf and mute people, yet it is not commonly understood by non-signers.
This communication gap often leads to social isolation, dependency on interpreters, and reduced opportunities in
education, In today’s fast-growing digital world, technology plays a vital role in solving real-life problems. Artificial
Intelligence (Al) and Computer Vision have opened new possibilities in the field of Human—Computer Interaction. One
such important application is sign language recognition. Converting sign language into readable text can significantly
help hearing-impaired individuals communicate independently with others without the need for a human interpreter.
Traditional sign language communication requires both parties to understand sign gestures. Unfortunately, most people
are unfamiliar with sign language alphabets and gestures. As a result, deaf and mute individuals often face difficulties
while interacting in public places such as hospitals, schools, offices, railway stations, and banks. To overcome this
limitation, an automated sign language to text conversion system is required.
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I EEEEEEEEEEE——
Il. RELATED WORK

A various hand gestures were recognized with different methods by different researchers in which were implemented in
different fields. The recognition of various hand gestures were done by vision based approaches, data glove based
approaches, soft computing approaches like Artificial Neural Network, Fuzzy logic, Genetic Algorithm and others like PCA,
Canonical Analysis, etc. The recognition techniques are divided into three broad categories such as Hand segmentation
approaches, Feature extraction approaches and Gesture recognition approaches.

“Application research on face detection technology uses Open CV technology in mobile augmented reality” introduces the
typical technology. Open source computer vision library, Open CV for short is a cross-platform library computer vision
based on open source distribution. The Open CV, with C language provides a very rich visual processing algorithm to write it
part and combined with the characteristics of its open source. Data gloves and Vision based method are commonly used to
interpret gestures for human computer interaction. The sensors attached to a glove that finger flexion into electrical signals
for determining the hand posture in the data gloves method. The camera is used to capture the image gestures in the vision
based method. The vision based method reduces the difficulties as in the glove based method.

“Hand talk-a sign language recognition based on accelerometer and semi data” this paper introduces American Sign
Language conventions. It is part of the “deaf culture” and includes its own system of puns, inside jokes, etc. It is very difficult
to understand understanding someone speaking Japanese by English speaker. The sign language of Sweden is very difficult to
understand by the speaker of ASL. ASL consists of approximately 6000 gestures of common words with spelling using finger
used to communicate obscure words or proper nouns.

“Hand gesture recognition and voice conversion system for dumb people” proposed lower the communication gap between
the mute community and additionally the standard world. The projected methodology interprets language into speech. The
system overcomes the necessary time difficulties of dumb people and improves their manner. Compared with existing system
the projected arrangement is simple as well as compact and is possible to carry to any places. This system converts the
language in associate text into voice that's well explicable by blind and ancient people. The language interprets into some text
kind displayed on the digital display screen, to facilitate the deaf people likewise. In world applications, this system is helpful
for deaf and dumb of us those cannot communicate with ancient person.

Conversion of RGB to gray scale and gray scale to binary conversion introduced in the intelligent sign language
recognition using image processing. Basically any colour image is a combination of red, green, blue colour. A computer
vision system is implemented to select whether to differentiate objects using colour or black and white and, if colour, to
decide what colour space to use (red, green, blue or hue, saturation, luminosity).

I1l. METHODOLOGY
Sign Language Recognition System
Sign language recognition is an important application of gesture recognition. Sign language recognition has two
different approaches.
e Glove based approaches
e Vision based approaches.

Glove based approaches

In this category requires signers to wear a sensor glove or a colored glove. The task will be simplified during
segmentation process by wearing glove. The drawback of this approach is that the signer has to wear the sensor
hardware along with the glove during the operation of the system.

Vision based approaches

Image processing algorithms are used in Vision based technique to detect and track hand signs and facial expressions
of the signer. This technique is easier to the signer since there is no need to wear any extra hardware. However, there
are accuracy problems related to image processing algorithms and these problems are yet to be modified. There are
again two different approaches in vision based sign language recognition:

e 3D model based

e  Appearance based

3D model based methods make use of 3D information of key elements of the body parts. Using this information,
several important parameters, like palm position, joint angles etc., can be obtained. This approach uses volumetric or
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skeletal models, or a combination of the two. Volumetric method is better suited for computer animation industry
and computer vision. This approach is very computational intensive and also, systems for live analysis are still to be
developed.

Appearance-based systems use images as inputs. They directly interpret from these videos/images. They don’t use a
spatial representation of the body. The parameters are derived directly from the images or videos using a template
database. Some templates are the deformable 2D templates of the human parts of the body, particularly hands. The
sets of points on the outline of an object called as deformable templates. It is used as interpolation nodes for the
objects outline approximation.

1. Video Acquisition Algorithm

The first step of the algorithm involves capturing real-time video frames using a webcam.
Algorithm Steps:

1. Initialize webcam using OpenCV.

2. Capture live video frames continuously.

3. Flip each frame horizontally for mirror view.

4. Convert frame color space from BGR to RGB.

Formula Used:
Let the captured frame be represented as:
F(x,y) ={R,G,B}

Color conversion is performed as:
Freg = Convert(Fpgr)
. Hand Landmark Detection Algorithm (MediaPipe)
1. MediaPipe Hands uses a pre-trained deep learning model to detect hands and extract 21 key landmarks from
each detected hand.
2. Each landmark is represented as a normalized coordinate:
3. Li=(x,y,2),i=12,...,21
Where:
4. x;and y;represent the 2D pixel coordinates
5. z;represents the depth information
6. These landmarks describe finger joints, fingertips, and palm points.

N

3. Finger State Detection Algorithm
1. The system determines whether a finger is open or closed by comparing the relative positions of landmarks.
2. Logic Used:
3. Afinger is considered open if the fingertip lies above its lower joint.
4. Afinger is considered closed if the fingertip lies below its joint.
5. Mathematical Condition:
6. For afinger:
, _ 1, ifYtip < Yjoint
1. Fingetsiare = {0, otherwise
Where:
2. yup=y-coordinate of fingertip

3. Yjoine= Y-coordinate of middle finger joint

4. Feature Vector Formation

Each hand gesture is represented as a binary feature vector based on finger states.
V=I[T,I,M,R,P]

Where:

T= Thumb state

I= Index finger state

M= Middle finger state

R=Ring finger state
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P= Pinky finger state
(1 = Open, 0 = Closed)
Example:

V =10,1,1,0,0] = Victory Sign

5. Gesture Classification Algorithm (Rule-Based)
The classification is done using predefined logical rules.
Example Rules:
e Open Palm:
e V=[11111]= HELLO

Closed Fist:

e 1V =10,0000]=STOP
Thumbs Up:

e 1V =11000,0]= G0O0D
Victory Sign:

e 1 =10,11,0,0]=>THANK YOU
This rule-based approach ensures fast and accurate gesture recognition.

6. Text Generation Algorithm
1. Once the gesture is recognized, it is mapped to a predefined text output.
2. Gesture = Text
Example:
3. The text is displayed in real time on the screen.

7. Text-to-Speech Conversion Algorith
1. The pyttsx3 library is used to convert text into voice output.

Hand Gesture Input

Webcam
(Video Capture)

OpencyV
Frame Processing

MediaPipe Hands
Landmark Detection

Preprocessing
- ’ X

Normalization

Feature Extraction
(Finger States)

Ge fication

sture Classi
(Rule-Based)

(Gesture — Text Mapping )

Text-to-Speech
(Pyttsx3)

Audio Output

IV. DATA ACQUISITION

Data acquisition is the first and most important stage in the proposed Sign Language to Text Conversion System, as
the overall accuracy and performance of the system highly depend on the quality of the input data. In this project,
data acquisition is performed using a real-time vision-based approach rather than a static image dataset. The system
captures live hand gesture data directly from the user through a webcam, enabling real-time interaction and dynamic
gesture recognition.
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PRE-PROCESSING

Pre-processing is a crucial stage that prepares the acquired images for accurate hand landmark detection and gesture
recognition. In this system, pre-processing is carried out using OpenCV techniques to enhance the quality of the input
frames and remove unnecessary variations that may affect recognition accuracy. The primary goal of pre-processing
is to convert raw image data into a suitable format for further analysis.

During pre-processing, each acquired image frame is first flipped horizontally to provide a mirror view, which
improves user interaction and makes gesture performance more intuitive. The color space of the frame is then
converted from BGR to RGB format, as required by the MediaPipe framework. This conversion ensures
compatibility with the hand landmark detection model and improves detection accuracy.

IMAGE ACQUISITION

Image acquisition refers to the process of obtaining individual image frames from the live video stream captured
during data acquisition. In the proposed system, image acquisition is performed in real time using a webcam, which
continuously captures frames representing the user’s hand gestures. Each frame is treated as a digital image and
serves as the basic input unit for further processing stages. The use of live image acquisition enables dynamic
interaction between the user and the system and eliminates dependency on static image datasets.

SEGMENTATION

Segmentation is the process of isolating the hand region from the rest of the image to enable focused analysis of hand
gestures. In the proposed system, segmentation is achieved implicitly using the hand detection capabilities of the
MediaPipe framework rather than traditional thresholding or edge-based segmentation techniques. MediaPipe
accurately identifies the hand region by detecting key landmarks and tracking the hand across successive frames.

FEATURE EXTRACTION

Feature extraction is a critical stage in the proposed sign language to text conversion system, as it transforms raw
visual information into meaningful numerical representations that can be used for gesture recognition. In this project,
feature extraction is performed using the hand landmark information provided by the MediaPipe framework.
MediaPipe detects twenty-one key landmarks on the human hand, including fingertip positions, joint coordinates, and
palm reference points. These landmarks collectively describe the geometric structure and movement of the hand
during gesture performance.

V. RESULT AND DISCUSSION

The proposed sign language to text conversion system was experimentally evaluated to assess its accuracy, real-time
performance, and robustness under different conditions. The experiments were conducted using a standard webcam in
an indoor environment with normal lighting conditions. Multiple users participated in the testing process to evaluate
the system’s ability to generalize across different hand sizes, skin tones, and gesture execution styles.

During experimentation, a predefined set of commonly used hand gestures was tested, including open palm, closed
fist, thumbs up, victory sign, index finger gesture, and thumb-pinky gesture. Each gesture was performed multiple
times at varying speeds and orientations to simulate real-world usage scenarios. The system successfully detected
hand landmarks in real time and correctly classified gestures based on the extracted feature vectors.

The experimental results demonstrated that the system achieved high recognition accuracy for static hand gestures
when proper lighting conditions were maintained. Gesture recognition was found to be stable and consistent, with
minimal delay between gesture performance and text output. The use of MediaPipe’s efficient hand tracking model
ensured smooth landmark detection even during moderate hand movement, contributing to reliable gesture
recognition.

e FUTURE ENHANCEMENTS

Alphabet Recognition (A-Z)

Sentence Formation from Multiple Gestures

Support for Regional Languages (Hindi/Marathi)
Machine Learning Model Training for Custom Gestures
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Mobile Application Integration

Graphical User Interface (GUI)

Emotion Recognition from Gestures

Cloud-Based Gesture Dataset Storage

e ADVANTAGES

Helps hearing and speech impaired individuals
Low-cost solution

Real-time processing

Works offline

Easy to use and user-friendly

e LIMITATIONS

Limited number of gestures

Requires proper lighting

Single-hand detection only

One of the key observations during experimentation was the effectiveness of the rule-based classification approach.
Since the system relies on logical rules derived from finger states rather than complex machine learning models, it
produced consistent and interpretable results. This approach reduced misclassification caused by overfitting and
eliminated the need for extensive training data. Gesture transitions were accurately detected, and repetition control
mechanisms ensured that audio output was generated only when a new gesture was recognized.

The integration of text-to-speech conversion further enhanced system usability. The generated speech output was
clear and synchronized with the recognized text, enabling effective communication between hearing-impaired users
and normal individuals. The offline functionality of the text-to-speech module ensured uninterrupted operation
without dependency on internet connectivity.

Despite its strong performance, certain limitations were observed during experimentation. The system’s accuracy
decreased under poor lighting conditions or when the hand was partially occluded. Additionally, the system was
designed for single-hand gesture recognition, which restricted its ability to process complex two-handed sign
language gestures. However, these limitations can be addressed in future enhancements by incorporating adaptive
lighting

SIGN RECOGNITION

Sign recognition is the core component of the proposed system, responsible for identifying and classifying hand
gestures based on the extracted features. In the Conversion of Sign Language into Text system, sign recognition is
performed using a rule-based classification approach combined with real-time hand landmark detection provided by
the MediaPipe framework. This approach ensures accurate, fast, and interpretable gesture recognition without the
need for complex model training.

VI. CONCLUSION

This project successfully demonstrates the development of a real-time system for the conversion of sign language
into text using computer vision techniques. The proposed system effectively bridges the communication gap between
hearing-impaired individuals and normal users by translating hand gestures into meaningful textual output in real
time. By integrating OpenCV for video processing and MediaPipe for accurate hand landmark detection, the system
achieves reliable and efficient gesture recognition without the need for complex hardware or expensive resources.
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