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Abstract. This paper presents a real-time sign language translator that converts 

sign gestures into speech and text to facilitate interactive communication. It 

employs MediaPipe Tracking to detect 21 major landmarks and OpenCV for 

processing gestures. An MLP classifier with deep learning features is used for 

gesture recognition. The system can accurately recognize and interpret hand 

gestures (A-Z) from live camera input or image uploads, supporting real-time 

sign recognition. By incrementally capturing letters, it enables fluent word 

formation enhances accessibility through speech synthesis. To ensure precise 

and efficient gesture recognition the system integrates advanced tracking and 

processing methodologies. With a weighted average F1-score of 94% and a 

macro-average F1-score of 88% the system’s total accuracy of 93.85% shows 

how effective it is in practical situations. 

Keywords:Intelligent gesture tracking, sign language visualisation, online 

interactive platform, visual computing and speech synthesis 

1. Introduction 

 A Live Gesture Sign Language Translation System fills the communication 

gap between the hearing-impaired, and the hearing public. It employs Media Pipe for 

hand tracking and an MLP classifier modeto identify hand gestures in real-time and 

express them in text or speech. By interpreting sign language in real-time and 

translating them into readable or audible format, such as system enhances 

accessibility and promotes inclusivity. With cognitive gesture tracking, motion 

analysis and predictive classification, it enables seamless interaction between signers 

and non-signers make sign language more universally comprehensible. 

System Work: 

 Gesture-to-text: Recognizes hand gestures and translates them into 

respective letters. 

 Speech Output: Translates recognised text into speech for enhanced 

accessibility. 

The system offers a real-time and efficient solution for sign language translation, 

eliminating communication barriers and creating a more inclusive society 
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words that are vocalized. 

 MediaPipe for hand tracking. 
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This paper titled “Hand Gesture Recognition Using Otsu’s Method” by V Bhavana,G 

Mohana Surya Mouli, and G Venkat Lakshmi Lokesh [1], Uses Otsu’s segmentation 

for RGB-to-grayscale conversion and gesture recognition; simple, fast, but sensitive 

to noise. 

The article “Deep Learningfor Sign Language Recognition” by M. Al-Qurishi, T. 

Khalid, and R.Souissi[2], Reviews machine and deep learning techniques for SLR, 

highlighting multi-modal techniques for higher accuracy and flexibility. 

In the “Wearable Computers for Sign Language Recognition” paper by J. Wu and R. 

Jafri [3], utilize SEMG and IMU sensors for live ASL identification, allowing 

instantaneous translation but might be cumbersome to use for extended periods. 
In the article “Indian Sign Language Gesture Recognition using Image Processing and 

Deep Learning”, by Neel Kamal Bhagat, Y. Vishnu Sai, and G.N. Rathna [4], ISL 

recognition is focused on enhancing communication through deep learning; but it 

needs large and varied datasets. 

In the paper titled “Real-time Sign Language Detection and Recognition” by Akash 

Deep, Aashutosh Litoriya, Akshay Ingole, Vaibhav Asare, Shubham M Bhole, 

Shantanu Pathak [5], Uses Web Cam and deep learning to recognize A-Z, 1-9 

gestures, enabling real-time translation for improved accessibility and 

communication. 

2. Proposed Work 
The system enables seamless communication signers and non-signers by recognising 

hand gestures and converting them into text and speech. 

 Gesture Recognition: Utilizes MediaPipe Hand Tracking and an MLP 

classifier for A Z, 0-9 gesture recognition, translating gesture to text and 

speech (TTS). 

 Text-to-Gesture Conversion: Translates text/voice to sign animation to 
enhance accessibility.  

 Real-Time Processing: Grabs and detects sequential gestures and builds 

Technologies Used: 

 MLP classifier for gesture identification. 

 TTS (pyttsx3) for speech synthesis. 

 NLP & 3D animation for text-to-gesture synthesis. 

3.Results  

Gesture to Text & speech Output 
The system employs a webcam to detect hand gestures, which are processed 

employing MediaPipe Hand Tracking for feature extraction. These gestures are 

classified using am MLP Classified, and the text related to them is produced. To make 
the system more accessible, the system translated the handwriting into speech using 

pyttsx3, making the whole communication smooth. 



 

 Gesture Capture: Hand movements are detected via a webcam. 

processes the gesture to identify the associated sign. 
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Fig1: Proposed Work Flow Chart 

 
Fig 2. Gesture to Text & speech output 

Process Flow 

 MLP Classifier Processing: The MLP-based classifier, which is trained, 

 Text Output: The recognized sign is output as text. 



accessibility. 

(predicted label). 

 

        

 Text-to-Speech (TTS): The text is translated into speech for improved 

 Final Output: The system outputs the identified sign in text and speech 

formats for effective communication. 
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Confusion Matrix: 
A confusionmatrix evaluates a classification model by comparing actual and 

predicted labels highlighting correct and incorrect classifications. 

 A-Z Letters and 0-9 numbers. Each row corresponding to the actual class 

(True Label), while each column corresponds to the predicted class 

 
 

Fig 3 Confusion matrix 

Numbers0-9 and letters A-Z. The real class (True Label) is represented by each row, 

while the expected class (expected label) is represented by each column.Precision is 

defined as TP /(TP+FP) = the proportion of accurately predicted positive instances to 

total predicted positives.The ratio of accurately anticipated positive cases to all actual 

positives (TP /(TP+FN)) is known as recall. Calculated as 2 *(accuracy* Recall) / 

(Precision + Recall), the F1 score balances both measurements for overall 

performance. It is the harmonic mean of accuracy and recall.We obtain 93.85 % 
accuracy results using the MLP classifier. 

Total precision:93.85% 

Average macro F1- Score: 88% 

The weighted average F1-Score: 94% 
Confusion Matrix Analysis: 

In identifying letters and numbers 0-9, the MLP classifier achieved a 

precision rate of 93.85% precision recall F1 score were used to measure performance, 
and actual and predicate labels were shown in a confusion matrix: Accuracy: 

TP/(TP+FP) – 100% accurate positive forecasts. Remember that the Actual positives 
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were correctly recognized by TP / (TP+FN). F1 Score: 88%, Weighted: 94%, which is 

the weighted average of recall and precision. 

4. Conclusion 
The system converts sign gestures into text and speech through the 

MediaPipe classifier with 93.85% accuracy. It is capable of real-time recognition from 

live video or image, making it more accessible and inclusive. 
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