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Abstract 
Braille is a pivotal medium of communication for individuals with visual impairments, 
enabling independent access to written information. With the rapid advancement of 
digital technologies, there is a growing demand for systems that can convert traditional 
Braille documents into accessible digital formats. This work introduces a hybrid CNN-
RNN based framework that leverages image processing and deep learning techniques 
to transform Braille images into readable text. The proposed system incorporates 
preprocessing steps such as noise reduction, image enhancement, and Braille dot 
segmentation to ensure accurate feature extraction. Convolutional Neural Networks 
(CNNs) are employed for image segmentation and pattern recognition, while 
Recurrent Neural Networks (RNNs) capture sequential relationships between Braille 
characters, enhancing recognition accuracy across variations in spacing, orientation, 
and image quality. Beyond text recognition, the system integrates multilingual 
translation and text-to-speech functionality, offering both visual and auditory access 
to information. The text-to-speech module delivers natural and customizable audio 
output, catering to diverse user preferences. In this work, a well-defined interface is 
implemented to provide ease of access with multilingual support for visually impaired 
individuals. Our experimental results justify that the proposed framework exhibits 
higher accuracy in converting Braille image into text which can further be converted 
into audio for better accessibility. 
 
DOI: https://doi.org/10.54660/IJAIET.2026.7.1.36-41  

 

Keywords: braille recognition system, CNN, RNN, Image Processing, Text-to-Speech, deep learning, pattern recognition 

 

 

 

1. Introduction 

Braille is a pivotal communication medium for individuals with visual impairments [[1. Rapid advancements in digitization have 

enabled the development of technologies that convert Braille characters into digital text. Many researchers have worked in this 

direction by applying various CNN and RNN models. However, existing systems face challenges in accuracy, robustness, cost, 

multilingual support, and user personalization [2]. This work emphasizes on transforming braille characters into audible speech. 

Such a kind of system allows visually impaired users to access information on portable devices in a customized way without 

depending on Braille books. The proposed system integrates advanced image processing and deep learning techniques to detect 

and interpret Braille patterns from scanned or captured images. These patterns are then converted into digital text, which can 

subsequently be transformed into multilingual speech. CNNs are employed for segmentation and pattern recognition, while RNN 

capture sequential character relationships. This system enhances recognition accuracy under varying conditions such as noise,  

distortions, and irregular dot spacing. Beyond text recognition, Speak Braille incorporates multilingual translation and text-to-

speech synthesis, enabling users to access information in their preferred language and voice settings. 

https://doi.org/10.54660/IJAIET.2026.7.1.36-41
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This dual-mode accessibility eliminates the need of tactical 

reading and empowers visually impaired individuals to 

engage with digital content more efficiently. Unlike 

traditional assistive technologies that often depend on 

specialized hardware or manual intervention, the proposed 

system offers a well defined interface as a solution that can 

be deployed on widely available portable devices. This work 

provides new opportunities for inclusive education, supports 

seamless communication, and strengthens autonomy within 

visually impaired communities. 

 

 2. Problem Statement and Objectives 

All existing systems have limited support for multilingual 

translation, lack of integrated text-to-speech functionality, 

and insufficient user-friendly design. These shortcomings 

highlight the need for a robust, Optical Braille Recognition 

(OBR) System that can automatically recognize Braille 

characters from images, improve accuracy through sequential 

learning models and provide multilingual text-to-speech 

conversion in a simple, portable, and accessible interface. 

The primary objective of this system is to address the 

limitations of the existing works. The following objective are 

considered: 

1. Automatic recognition of Braile Characters from images 

and convert them to text. 

2. To improve recognition accuracy by employing RNN 

and CNN models. 

3. To support the conversion of recognized text into speech 

with multilingual capabilities. 

4. To provide well-defined and user-friendly interface  

 

2.1. Related Work 

This section summarizes the existing work, highlighting their 

strengths and limitations, and emphasizes the research gaps. 

Kishore et al. [3] proposed a cost-effective Braille-to-voice 

conversion system in which input is provided through a 

Braille keyboard and processed using an Arduino-based 

embedded system. The system enables basic communication 

for visually and hearing-impaired individuals. However, it 

lacks support for real-time processing and multilingual 

translation, limiting its scalability and applicability in 

advanced systems. 

D. R. Lim Roque et. al. [4] proposed a Brielle to text 

transformation system. That further produces speech from the 

recognized text. They used simple image processing 

techniques to reduce computational complexity. This system 

provides limited multilingual support and faces difficulty in 

detecting distorted or damaged Braille. 

J. D. R. Cabangis et al. [5] proposed smart Braille translator 

using Raspberry Pi. This system supports both Braille-to-

speech and speech-to-Braille, making it a bidirectional 

assistive communication system. It supports real time 

processing capability. The main limitation with this approach 

is hardware dependent and high implementation cost. 

Premanathan G et al. [6] proposed multilingual Braille-to-

Text using GTTS. The system provides a cost-effective  

multilingual Braille-to-text-to-speech solution using 

Raspberry Pi; however, it is limited by processing power, 

scalability, and dependency on input quality. 

Vishnu Preetham Revelli et al. [7] proposed a deep learning-

based system that converts Braille images into readable text 

and subsequently into speech. This model achieved an 

accuracy of approximately 96.15%, demonstrating 

robustness even under low-light conditions and varying 

image quality. The system supports only the English 

language, requires significant processing time and 

computational resources, and exhibits low performance when 

handling blurred or noisy images. 

The following research gaps are identified: 

• Inadequate Multilingual Capabilities 

• Dependency on Specialized Hardware 

• Reduced Accuracy in Noisy or Low-Quality Images 

• High Computational Complexity 

• Insufficient Integration of End-to-End Systems 

• Limited User-Centric and Accessibility-Focused Design 

 

3. Proposed Methodology 

3.1. Proposed Framework 

This section demonstrates a proposed framework that reads 

Braille characters and convert them into Text. Furthermore, 

the text is converted into speech, enabling visually impaired 

individuals to access and understand the content easily. 

The proposed system is designed to convert Braille images 

into readable text and subsequently translate the text into 

multiple languages such as Hindi or Telugu. The application 

consists of both front-end and back-end components that 

work together to perform Braille-to-text and text-to-speech 

conversion. 

On the front end, users interact with a simple interface that 

allows them to capture a Braille image using a camera or 

select an existing image from the media gallery. The selected 

image is then sent to the back end for processing. 

In the back end, image processing techniques along with 

Google ML Kit are used to enhance the image and detect 

Braille dot patterns. The proposed framework uses 

MobileNet for efficient feature extraction from the Braille 

image. In our work, MobileNet is chosen due to its 

lightweight architecture and suitability for mobile and real-

time applications. The extracted features are then passed to a 

Recurrent Neural Network (RNN), which learns the 

sequential structure of Braille characters and improves 

recognition accuracy. Based on this, the detected Braille 

patterns are converted into meaningful digital text through a 

text extraction process. The extracted text can further be 

translated into different languages using Google Translator. 

Finally, the translated or original text is converted into speech 

using a text-to-speech module, enabling visually impaired 

users to listen to the content. 

Thus, the system ensures accurate recognition, efficient 

processing, and enhanced accessibility for visually impaired 

individuals. 

The architecture of the proposed system is depicted in Fig.1. 
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Fig.1: Architecture of Proposed System 

 

The sequence of activities performed by proposed framework is illustrated in Fig.2.

  

 
 

Fig.2: Activity Diagram of Proposed Framework 
 

The Fig.2 demonstrates the workflow of our proposed 

framework. It starts with the user uploading a Braille image, 

followed by image preprocessing to enhance quality. The 

system then detects Braille dot patterns and uses a recognition 

model to convert them into readable text. The output text is 

displayed to the user and can also be converted into speech 

using a text-to-speech module. Overall, the system provides 

an efficient way to transform Braille images into 

understandable text and audio. 

 

3.2. Implementation of Proposed Framework 

The proposed system is implemented by using the following 

tools and packages listed in Table 1. 
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Table 1: Tools Used 
 

Category Tools 

Operating System Windows 10 or above 

Programming Language Python 3.10+ 

Framework Flask 

Image Processing OpenCV 

Numerical Computing NumPy 

Deep Learning TensorFlow / Keras 

Image Handling Pillow (PIL) 

First, the image is preprocessed using grayscale conversion 

and filtering. Then thresholding and morphological 

operations are applied to enhance Braille dots. Contour 

detection and segmentation identify individual cells. Features 

are extracted using MobileNet, and RNN converts them into 

text. Finally, the text is translated and converted into speech. 

 

4. Results 
Our proposed system is successfully implemented using 
Python, Flask, and deep learning techniques. The system was 
tested with multiple Braille captured images The 
experimental results demonstrate that the system is capable 
of accurately detecting Braille dot patterns and converting 
them into readable text. The output of proposed system is 
shown in figure 3, 4 & 5. 

 
 

Fig 3: Home Page 
  

 
 

Fig 4: Braille Image Selection 
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Fig 5: Braille Image to Text Generation 
 

The above output screens show that the system correctly 

processes the input image, performs preprocessing, and 

generates corresponding text output. Furthermore, the text-

to-speech module successfully converts the extracted text 

into audible speech, enabling users to listen to the content. 

In addition, the system supports translation into multiple 

languages such as Hindi and Telugu, enhancing accessibility 

for diverse users. The results indicate that the system 

performs efficiently with minimal processing time and 

provides a user-friendly interface. 

Overall, the proposed system achieves reliable Braille 

recognition and effective text and speech conversion, making 

it a useful assistive tool for visually impaired individuals. 

 

5. Conclusion 

The proposed hybrid CNN–RNN framework effectively 

converts Braille images into readable text and further 

transforms the text into speech. The proposed system 

provides a well-designed interface that ensures ease of 

interaction and usability. By integrating image processing 

techniques with MobileNet and RNN, the system achieves 

accurate recognition of Braille patterns. The inclusion of 

translation and text-to-speech modules enhances 

functionality by enabling multi-language support and audio 

output. Our experimental results indicate that the system is 

efficient, reliable, and user-friendly. Overall, the proposed 

approach serves as a robust assistive solution that helps 

visually impaired individuals to easily access information 

over portable devices. Furthermore, it supports independent 

learning and communication. In the future, this work can be 

extended by integrating advanced deep learning models along 

with federated learning to improve accuracy, performance 

and data privacy. 
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