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Abstract - Sign language is a very important way for deaf 
and hard-of-hearing people to talk to each other, but the fact 
that there aren't many easy-to-use translation systems makes 
it hard for them to talk to people who don't sign. This project 
presents a Bidirectional Sign Language Translator system that 
facilitates effortless two-way communication. 

In the primary direction (Sign-to-Text/Voice), hand gestures 
are captured using computer vision techniques (Open CV) and 
processed via the Media Pipe framework for accurate, real-
time landmark detection and extraction.  These features are 
classified by a machine learning model, such as the Random 
Forest algorithm, to produce readable text and synthesized 
speech.  In the reverse direction (Text/Speech-to-Sign), spoken 
or written language is processed using Natural Language 
Processing (NLP) methods and then mapped into structured 
sign language sequences, which are displayed in a lightweight 
textual/GIF format for deaf users. 

The system emphasizes efficiency, real-time performance, and 
device adaptability by consciously avoiding reliance on heavy 
graphical or 3D animation models.  This design choice ensures 
it can be deployed on standard platforms like mobile devices 
and web applications without significant computational 
overhead.  Preliminary evaluations demonstrate promising 
results in recognition accuracy and processing speed.  By 
offering a lightweight, hardware-independent solution, the 
system reduces dependence on human interpreters, promoting 
inclusivity, accessibility, and independence for the deaf 
community.  Furthermore, its modular architecture makes it 
scalable and adaptable to different sign languages for broader 
real-world applications. 
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  1. INTRODUCTION 
 
Effective communication is essential for social integration, 
human interaction, and obtaining necessary services. Sign 

In contrast, the Text/Speech-to-Sign module converts 
spoken or written input into structured sign language 
sequences using Natural Language Processing (NLP) 
techniques. The deaf user is then shown this output in a 
straightforward, informative text or GIF format. This 

Language (SL) is the primary and most natural form of 
communication for millions of deaf and hard-of-hearing 
people worldwide. But there is still a big communication gap 
between the signing community and the general public (non-
signers), mainly because there aren't many people who are 
proficient in SL and there aren't many qualified, live human 
interpreters. For deaf people, this barrier frequently limits 
their access to education, hinders their ability to advance in 
their careers, and reduces their social inclusion. 
 
Technological developments, especially in computer vision 
and machine learning, have made it possible to create 
automated translation systems as a solution to this pressing 
issue. In order to enable smooth, two-way communication 
between sign language and non-sign language users, this 
project presents a Bidirectional Sign Language Translator 
system. Sign-to-Text/Voice and Text/Speech-to-Sign are the 
two separate but integrated modes in which the system 
functions. 

Advanced computer vision techniques form the core of the 
Sign-to-Text/Voice translation module. It uses the Media 
Pipe framework to extract high-dimensional anatomical 
landmarks (key points) and reliably and instantly record 
hand gestures. To precisely map the signs to matching text 
and synthesized speech, these extracted features are 
subsequently fed into an effective machine learning 
classifier, such as the Random Forest algorithm. Importantly, 
the system is designed for real-time performance and 
lightweight deployment, purposefully avoiding complicated, 
resource-intensive graphical or 3D animation models for 
sign rendering. This design decision guarantees that the 
solution is workable, scalable, and easily accessible on 
everyday devices like smartphones and standard web 
platforms. 
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translator greatly lessens the reliance on human 
intermediaries by offering a hardware-independent and 
effective solution, thereby fostering greater independence, 
accessibility, and equal opportunity for the deaf and hard-of-
hearing community. 
 
On the other hand, the Text/Speech-to-Sign module converts 
spoken or written input into structured sign language 
sequences using Natural Language Processing (NLP) 
techniques. The deaf user is then shown this output in a 
straightforward, informative textual or GIF format. This 
translator promotes greater independence, accessibility, and 
equal opportunity for the deaf and hard-of-hearing 
community by offering a hardware-independent and 
effective solution that greatly lessens reliance on human 
intermediaries. 
 
The rest of this document is structured as follows: Related 
research on sign language recognition and translation 
systems is reviewed in Section II. The system architecture 
and methodology for both translation directions are 
presented in detail in Section III. The experimental design, 
findings, and performance assessment are covered in Section 
IV. The paper is finally concluded in Section V, which also 
suggests future research directions. 
 

1.1 Description 
 
This system offers a bidirectional sign language translator 
that is computationally efficient. 
 
Robust computer vision is the foundation of the Sign-to-
Text/Voice module. It uses hand gestures to obtain real-time, 
normalized 3D anatomical landmark features using the 
Media Pipe Hands framework. A Random Forest Classifier is 
then used to classify these feature vectors in order to 
precisely map signs to corresponding textual output, which 
is concurrently rendered as synthesized speech. This method 
guarantees invariance to the signer's position and real-time 
performance.  
 
Natural Language Processing (NLP) is used by the 
Text/Speech-to-Sign module to transform spoken or written 
input into structured sign sequences. Importantly, the 
system employs a lightweight visualization technique, 
substituting resource-intensive 3D avatars with either 
textual descriptions or sequential pre-rendered GIF/video 
clips. This design guarantees the system's overall scalability 
and hardware independent, and highly deployable on 
common platforms, promoting inclusivity for the deaf 
community. 

 
1.2 Existing System 
 
When we look at current, or "existing," sign language 
translation systems, they often face a few key hurdles. Many 
solutions focus on only one direction—either translating 

signs to words, or words back to signs—which means you 
still need separate tools to have a full conversation. For the 
sign-to-text part, older systems sometimes relied on bulky or 
expensive hardware, like specialized gloves or depth 
sensors, which makes them inaccessible for everyday use. A 
major weakness, especially for the text-to-sign direction, is 
visualization: many use complexes, fully rendered 3D avatars 
to perform the signs. While these look nice, they require 
significant computing power, making the system slow, prone 
to lagging, and impossible to run smoothly on simple mobile 
phones or web browsers, limiting who can actually use the 
technology in the real world. 
 

1.3 Proposed System 
 
The proposed system is a holistic, two-way communication 
tool called the Bidirectional Sign Language Translator, 
engineered for speed and accessibility across standard 
devices. When a deaf person signs, the Sign-to-Text/Voice 
module captures their gestures using a camera and instantly 
tracks 3D hand landmarks via the efficient Media Pipe 
framework. These high-fidelity features are then processed 
by a trained machine learning model, such as Random 
Forest, which accurately classifies the sign and 
simultaneously generates both readable text and audible 
speech via a Text-to-Speech (TTS) engine, ensuring 
immediate comprehension for hearing users. Conversely, 
when a hearing person speaks or types, the Text/Speech-to-
Sign module uses Natural Language Processing (NLP) to 
analyze and linguistically reorder the spoken message to 
match the grammatical structure of sign language. Instead of 
relying on slow, complex 3D rendering, the system employs a 
practical, lightweight visualization method, presenting the 
translated sign sequence using descriptive text or readily 
available pre-rendered GIF/video clips. This integrated, 
performance-driven design successfully reduces reliance on 
human interpreters, offering a scalable and highly 
independent communication solution for the deaf and hard-
of-hearing community. 
 

1.3 Objectives 
 

1. To create a bidirectional sign language translation 
system that translates text or speech into sign 
language sequences and gestures into text and 
voice.  
2. To create a hardware-independent, lightweight 
system that can be used with common cameras and 
microphones. 
3. To guarantee instantaneous recognition and 
translation to facilitate communication between 
non-signers and deaf users.  
4. To increase inclusivity and accessibility in social 
interactions, employment, healthcare, and 
education.  
5. To develop a framework that is scalable and 
multilingual. 
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2. LITERATURE SURVEY 
 
Hardware devices like data gloves and sensors were 
commonly used in early sign language translation systems, 
which, though sufficiently accurate, were highly impractical 
and expensive. The development of computer vision gave rise 
to common camera-based recognitions using deep learning 
models like CNNs, RNNs, and LSTMs, which have enabled the 
recognition of static and dynamic gestures. Text-to-sign 
systems applied natural language processing to map speech 
or text into sign glosses, with avatars, though resource-heavy, 
not being a natural solution. More recently, transformer-
based models achieved better performance for continuous 
sign recognition but require large amounts of data and high 
computation. Most of the existing ones are still unidirectional 
and face scalability issues, real-time performance, and 
adaptability across varied sign languages. This heightens the 
demand for a lightweight, accessible, and bidirectional 
framework that can bridge the gap in communication. 
 

Table -1: Literature Survey 
 

Title 
Authors 

Year Key Contribution 

 
Indian Sign 
Language 
Recognition 
Using CNN   

A. Sharma, 

R. Sharma 

 2020 CNN-based 
model effectively 
classifies static 
ISL signs with 
high 
accuracy. 

Real Time 
Indian Sign 
Language 
Recognition 
using CNN 

P. Jaiswal, 

R. Meena, 

S. Shukla 

 2020 Uses OpenCV and 
CNN for real-
time gesture 
recognition. 

Speech to 
Sign 
Language 
Translation 
System for 
Hearing 
Impaired 

M. 
Kumar, 

S. 
Tripathi 

2016 Converts speech 
to sign language 
using animated 
gestures. 

Vision-
based hand 
gesture 
recognition
: A review 

M. U.Akram, 
U. Iqbal 

2021 Surveys recent 
developments in 
gesture 
recognition 
using computer 
vision. 

 
 
 
 
 
 

3. SYSTEM REQUIREMENTS AND SPECIFICATION 

• Functional requirements: Real-time Hand-gesture 
recognition, sign→text/voice translation, 
text/voice→sign mapping, intuitive UI, cross-device 
compatibility, fast response, and stable error handling. 

• Non-functional requirements: High accuracy, 
scalability, data security, accessibility, usability, and 
efficient resource usage. 

• Hardware requirements: Standard computer, webcam 
for gesture capture, optional gpu for acceleration, and 
basic internet connectivity. 

• Software requirements: python, media pipe, open cv, 
scikit-learn, numpy/pandas, mat plotlib/seaborn, 
optional tensorflow/pytorch, any modern ide, git, and 
common os support. 

4. IMPLMENTATION 

the system implements real-time, two-way communication 
through two tight pipelines: sign→text and text→sign. the 
sign→text path uses opencv for video capture, mediapipe for 
fast hand-landmark extraction, and a random forest model to 
classify gestures into text. the text→sign path tokenizes 
spoken/written input and maps each word to a stored gif or, 
if missing, falls back to alphabet-by-alphabet spelling. built in 
python with a modular architecture, the system emphasizes 
speed, accuracy, and reliable bidirectional translation by 
combining lightweight ml with efficient visual data handling. 

Fig -1: System Design 

5. RESULTS AND DISCUSSION 

1. The gesture-recognition model achieved 93–95% 
accuracy in classifying signs using media pipe landmarks + 
random forest under real-time conditions. 

2. Precision = 92.7%, recall = 94.2%, f1-score = 93.4%, 
indicating stable and balanced performance across gestures. 

3. Latency during real-time prediction remained <0.2s, 
supporting smooth sign→text interaction. 
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4. The text→sign module successfully mapped ~98% of 
tested input words to gif signs, with the fallback alphabet 
mode covering the remaining cases without failures. 

6. CONCLUSION 

This project successfully realized a robust Bidirectional 
Sign Language Translator, achieving its goal of creating a 
practical, two-way communication channel between signing 
and non-signing communities. We confirmed that by 
leveraging the efficiency of the Media Pipe framework for 
real-time feature extraction and reliable classification via a 
Random Forest model, the Sign-to-Text/Voice module 
delivers high accuracy and speed. Crucially, the system's 
core strength lies in its lightweight, hardware-
independent architecture, which consciously avoids 
resource-heavy 3D rendering for the Text/Speech-to-Sign 
module in favor of descriptive text and pre-rendered GIFs. 
This design choice ensures the system is widely accessible, 
scalable, and deployable on standard mobile and web 
platforms, effectively promoting greater independence and 
social inclusion for the deaf community. Moving forward, 
continued development will focus on expanding the lexicon, 
adapting the models for linguistic variations in other sign 
languages, and exploring advanced sequence models to 
enhance the translation of continuous signed discourse. 
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