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Abstract:  Braille is a tactile writing and reading system that enables individuals with visual impairments to 

access information through raised dot patterns and supports independent communication and learning 

activities. This study presents BrailleSpeak, a smart voice-guided portable Braille interface designed to 

improve accessibility and daily interaction for individuals with visual impairments. The system integrates 

an Arduino-based control unit, Bluetooth communication, speech processing, electromagnetic solenoids, 

and audio feedback mechanisms to convert spoken commands into corresponding Braille characters in real 

time. Voice inputs received through a mobile application are transmitted wirelessly and translated into tactile 

outputs displayed on a compact Braille interface. Simultaneously, audio responses provide confirmation of 

recognized commands and generated outputs. The proposed approach emphasizes portability, affordability, 

user convenience, and efficient information access without continuous external assistance. Experimental 

evaluation using alphabetic characters and numeric inputs demonstrates reliable operation, accurate Braille 

representation, and responsive feedback performance. The developed device contributes to assistive 

technology by supporting inclusive communication, educational engagement, and independent navigation 

tasks. Furthermore, the design offers a practical framework for future accessibility innovations. 

 

Index Terms –BrailleSpeak, Voice-Guided Interface, Assistive Technology, Arduino Uno, Speech 

Processing, Bluetooth Communication, Audio Feedback, Portable Braille System, Visual Impairment, 

Accessibility. 

 

I. INTRODUCTION 

 

Assistive technologies play a significant role in improving the quality of life of individuals with disabilities 

by enabling better communication, education, mobility, and access to information. Rapid advancements in 

embedded systems, wireless communication, and speech processing have created new opportunities for 

developing intelligent devices that support independent living. Among various assistive solutions, systems 

designed for individuals with visual impairments are particularly important because access to written 

information remains a major challenge in daily activities. Reading printed content, understanding digital 

information, and interacting with modern communication systems often require specialized tools that can 

convert information into accessible formats.Braille is one of the most effective tactile writing systems 

developed for individuals with visual impairments. It represents characters, numbers, and symbols using 

combinations of raised dots arranged in a specific pattern. Although Braille provides an essential medium for 

literacy and communication, conventional Braille books and displays are often expensive, bulky, and less 
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convenient for carrying during everyday activities. In addition, the increasing dependence on digital 

communication has created a demand for portable and interactive Braille solutions that can provide real-time 

information access.To address these challenges, a smart voice-guided portable Braille interface named 

BrailleSpeak is presented. The proposed system combines speech recognition, wireless communication, 

tactile output generation, and audio feedback within a compact assistive device. Voice commands are 

captured through a mobile application and transmitted via Bluetooth to an Arduino-based processing unit. 

The received input is translated into corresponding Braille patterns and displayed using electromagnetic 

solenoids arranged in a Braille cell structure. Simultaneously, audio feedback confirms the recognized 

command and generated output, improving usability and interaction efficiency.The integration of voice 

control and Braille output offers a practical method for enhancing accessibility while reducing dependence 

on external assistance. The portable design supports convenient use in educational, professional, and personal 

environments. By utilizing affordable hardware components and simple implementation techniques, the 

system aims to provide an accessible solution for individuals with visual impairments. The proposed 

approach contributes to the advancement of assistive technologies by promoting independent 

communication, information accessibility, and inclusive participation in modern society. 

II. RELATED  WORKS 

 

Article [1]: "Development and Evaluation of Refreshable Braille Display and Active Touch-Reading 

System for Digital Reading of the Visually Impaired" by Dapeng Chen and Yunjie Zhang in 2024:This 

paper presents a refreshable Braille display system developed to improve digital reading accessibility for 

visually impaired individuals. The authors proposed a low-power Braille mechanism capable of maintaining 

raised dots without continuous energy consumption. The design focused on reducing manufacturing cost 

while ensuring reliable tactile feedback. An active touch-reading framework was integrated with the display 

to enhance reading efficiency. Experimental analysis demonstrated stable operation and accurate Braille 

representation. The proposed system improved user interaction with digital documents and educational 

materials. The study highlighted the importance of affordable and portable assistive technologies for 

independent information access. 

 

Article [2]: "Speech to Braille Conversion System for Visually Impaired Persons" by M. Karthikeyan 

and S. Priyadharshini in 2022:This research introduced a speech-controlled Braille conversion system 

designed for visually impaired users. The proposed model converts spoken commands into corresponding 

Braille patterns using embedded hardware components. Speech recognition techniques were employed to 

improve input accuracy and system responsiveness. The converted output was displayed through a tactile 

Braille interface for easy reading. Audio feedback was incorporated to provide confirmation of recognized 

commands. Experimental results indicated reliable performance under different operating conditions. The 

study demonstrated the effectiveness of combining speech processing and Braille technology to enhance 

accessibility. 

 

Article [3]: "ESP32-Based Braille-to-Speech Communication Interface for Visually and Vocally 

Challenged Users" by R. Saranya and P. Prakash in 2025:This paper presents an ESP32-based 

communication system developed for individuals with visual and speech impairments. The proposed model 

converts Braille inputs into audible speech outputs using embedded processing techniques. UART 

communication is utilized for efficient data transmission between system modules. The architecture 

incorporates a Braille keypad for input acquisition and a speech synthesis unit for output generation. The 

device was designed to be portable, affordable, and easy to operate. Experimental evaluation demonstrated 

reliable communication with low processing delay. The study concluded that the system can significantly 

improve interpersonal communication and accessibility. 

 

Article [4]: "Braille Recognition Using Deep Learning" by M. R. Islam and S. Hossain in 2021:This 

research focuses on the automatic recognition of Braille characters using deep learning techniques. The 

authors employed convolutional neural network models to classify Braille symbols from captured images. 

Advanced image preprocessing methods were applied to improve recognition accuracy. The developed 

framework was evaluated using multiple Braille datasets under varying conditions. Experimental results 

demonstrated high classification performance and robust operation. The proposed approach reduced the 

limitations associated with manual Braille interpretation. The study highlighted the potential of artificial 

intelligence for improving assistive reading technologies. 

http://www.ijcrt.org/


www.ijcrt.org                                                     © 2026 IJCRT | Volume 14, Issue 6 June 2026 | ISSN: 2320-2882 

IJCRT2606154 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b408 
 

 

Article [5]: "Object Recognition System on a Tactile Device for Visually Impaired" by Souayah 

Abdelkader and Mokretar Kraroubi Abderrahmene in 2023:This paper introduces a tactile object 

recognition system designed to assist visually impaired individuals in understanding their surroundings. The 

proposed device employs computer vision algorithms to identify nearby objects. A Raspberry Pi platform is 

utilized for image acquisition and processing tasks. Detected objects are communicated through audio 

feedback and tactile interaction mechanisms. Experimental testing demonstrated accurate recognition of 

common objects in indoor environments. The system enhanced user awareness and supported independent 

navigation. The research emphasized the importance of combining sensing and assistive technologies. 

 

Article [6]: "A Wearable RFID-Based Navigation System for the Visually Impaired" by Fateme Zare 

and Paniz Sedighi in 2023:This study presents a wearable navigation solution that utilizes RFID technology 

for assisting visually impaired individuals. The system incorporates RFID tags, wearable sensors, and audio 

guidance modules. Navigation instructions are delivered through voice feedback to guide users toward 

specific destinations. The proposed design focuses on improving mobility and reducing navigation 

challenges. Experimental evaluation confirmed accurate location identification and route guidance. The 

wearable architecture ensured user comfort and portability. The results demonstrated the effectiveness of 

RFID technology in assistive navigation systems. 

 

Article [7]: "Printed Texts Tracking and Following for a Finger-Wearable Electro-Braille System 

Through Opto-Electrotactile Feedback" by Mehdi Rahimi and Yantao Shen in 2021:This paper 

proposes a wearable electro-Braille system capable of translating printed text into tactile sensations. Optical 

sensors are employed to capture printed content from books and documents. The acquired information is 

processed and converted into electrotactile Braille feedback. A tracking mechanism enables users to maintain 

alignment with text lines while reading. Experimental analysis indicated accurate text following and reading 

assistance. The compact wearable design enhanced convenience and usability. The study demonstrated 

significant potential for portable Braille reading technologies. 

 

Article [8]: "Speech to Braille Conversion System for Visually Impaired Persons" by M. Karthikeyan 

and S. Priyadharshini in 2022:This research presents a speech-controlled system that converts spoken 

language into Braille patterns. Voice commands are processed using speech recognition algorithms and 

embedded hardware modules. The generated Braille output is displayed through a tactile interface for user 

interaction. Audio confirmation mechanisms improve system usability and reliability. Experimental testing 

showed accurate conversion of speech into Braille characters. The portable architecture supports convenient 

daily usage. The study demonstrated the feasibility of integrating speech processing with Braille 

communication technologies. 

 

Article [9]: "Smart Electronic Braille Reader Using IoT Technology" by P. Venkatesh and R. Harish 

in 2022:This paper introduces an IoT-enabled electronic Braille reader developed for accessing digital 

information. The system retrieves textual data through internet connectivity and converts it into Braille 

output. Wireless communication modules improve accessibility to online educational resources. The 

proposed design emphasizes affordability, portability, and ease of operation. Experimental results confirmed 

reliable text retrieval and accurate Braille representation. The system supported real-time access to digital 

content. The research highlighted the role of IoT technologies in modern assistive devices. 

 

Article [10]: "Portable Audio-Tactile Learning Device for Blind Students" by N. Aravind and K. 

Naveen in 2023:This study presents an audio-tactile learning system designed to support educational 

activities for blind students. The device combines tactile interfaces with audio guidance mechanisms. 

Embedded controllers manage content delivery and user interaction processes. Educational materials 

including alphabets and numbers are presented through multiple feedback methods. User evaluations 

indicated improved learning engagement and retention. The portable design allows convenient use in 

classrooms and home environments. The study demonstrated the benefits of multimodal learning 

technologies. 
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Article [11]: "Voice Controlled Assistive Reading Device for the Visually Impaired" by S. 

Balakrishnan and V. Rajesh in 2024:This paper proposes a voice-controlled reading device that enhances 

information accessibility for visually impaired individuals. Speech recognition algorithms are utilized for 

command acquisition and system control. The device provides audio guidance and tactile interaction for 

improved usability. Real-time processing ensures quick response to user instructions. Experimental testing 

demonstrated high recognition accuracy and stable operation. The portable design supports independent 

information access in daily activities. The study emphasized the effectiveness of voice-driven assistive 

technologies. 

 

Article [12]: "Bluetooth Enabled Smart Braille Communication System" by A. Srinivas and R. Kiran 

in 2025:This research presents a Bluetooth-enabled Braille communication platform for visually impaired 

individuals. The system establishes wireless communication between mobile devices and Braille display 

units. Textual information received through Bluetooth is converted into tactile Braille patterns. Audio 

notifications are incorporated to enhance user interaction and feedback. Experimental evaluation 

demonstrated reliable communication and accurate Braille output generation. The portable architecture 

improved accessibility and convenience during daily use. The study confirmed the effectiveness of wireless 

technologies in assistive communication systems. 

III. PROBLEM STETEMENT 

Individuals with visual impairments often face significant difficulties in accessing written and digital 

information independently. Traditional Braille books are bulky, expensive, and limited in availability, making 

information access challenging in daily life. Existing electronic Braille devices frequently involve high costs, 

complex designs, and limited portability, restricting their widespread adoption. Furthermore, many assistive 

systems lack real-time voice interaction and efficient feedback mechanisms, reducing user convenience. The 

absence of an affordable, portable, and user-friendly solution creates barriers to communication, learning, 

and information accessibility. Therefore, there is a need for a compact system that can convert voice inputs 

into Braille output while providing effective feedback for independent usage. 

IV. OBJECTIVES 

The primary objective of this study is to develop a smart voice-guided portable Braille interface that enhances 

accessibility for individuals with visual impairments. The study aims to convert voice commands into 

corresponding Braille characters in real time using embedded hardware and wireless communication 

technologies. Another objective is to provide audio feedback for improved interaction and confirmation of 

user inputs. The system is designed to be compact, affordable, and easy to operate for everyday use. 

Additionally, the study seeks to promote independent communication, facilitate information access, reduce 

reliance on external assistance, and improve the overall usability of assistive technologies for visually 

impaired individuals. 

V. METHODOLOGY 

 

1. Voice Input Acquisition:The methodology begins with capturing voice commands from the user through 

a mobile application. The application acts as an interface for receiving spoken inputs and converting them 

into digital data. This approach eliminates the need for manual text entry and improves accessibility. The 

captured voice information is prepared for wireless transmission to the processing unit. 

 

2. Bluetooth Communication:The converted voice data is transmitted from the mobile application to the 

hardware system using Bluetooth technology. The HC-05 Bluetooth module establishes a wireless 

communication link with the Arduino controller. This method ensures reliable and real-time data transfer. 

The wireless architecture also improves portability and user convenience. 

 

3. Command Processing Using Arduino:The Arduino Uno serves as the central processing unit of the 

system. It receives input data from the Bluetooth module and interprets the received commands. Predefined 

programming logic is used to identify corresponding Braille patterns. The controller manages the overall 

operation and coordination of connected components. 
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4. Braille Pattern Generation:After processing the input command, the Arduino converts the recognized 

character into an appropriate Braille representation. Each alphabet or number is mapped to a unique six-dot 

Braille pattern. The generated pattern determines the activation sequence of the output mechanism. This 

process ensures accurate translation from speech to tactile information. 

 

5. Solenoid-Based Braille Display:Electromagnetic solenoids are utilized to physically generate raised 

Braille dots. The Arduino activates specific solenoids according to the generated Braille pattern. The 

arrangement of raised and lowered dots forms readable Braille characters. This mechanism enables users to 

interpret information through touch. 

 

6. Audio Feedback Generation:A speaker module is incorporated to provide audio confirmation of 

recognized commands. The system generates verbal feedback corresponding to the processed input. Audio 

responses help users verify successful command execution. This feature enhances usability and interaction 

reliability. 

 

7. Output Verification and User Interaction:The final stage involves simultaneous tactile and audio output 

delivery. Users can read the generated Braille pattern through touch while receiving spoken confirmation. 

This dual-feedback approach improves accessibility and reduces interpretation errors. The integrated 

interaction process ensures efficient communication and information access for individuals with visual 

impairments. 

 

VI. SYSTEM ARCHITECTURE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: System Architecture of the Proposed BrailleSpeak Voice-Guided Portable Braille Interface 

 

The system architecture of BrailleSpeak consists of several interconnected modules that work together to 

convert voice commands into Braille output with audio feedback. A mobile application serves as the user 

interface, allowing voice commands to be captured and transmitted wirelessly through the HC-05 Bluetooth 

module. The Bluetooth module receives the command and forwards it to the Arduino Uno, which acts as the 
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central processing unit of the system. A regulated power supply provides stable operating voltage to ensure 

reliable performance of all hardware components. After receiving the input, the Arduino processes the 

command and generates the corresponding Braille pattern. The processed signals are sent to a MOSFET 

driver circuit, which controls the electromagnetic solenoids responsible for creating tactile Braille characters. 

Four-character Braille output can be displayed simultaneously for user interpretation. In parallel, the Arduino 

communicates with the speech processor to generate audio feedback through a speaker. This dual-output 

mechanism enables both tactile and auditory interaction, thereby improving accessibility, usability, and 

communication efficiency for individuals with visual impairments. 

VII. EXPERIMENTAL SETUP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Hardware Prototype of the BrailleSpeak Voice-Guided Portable Braille Interface 

 

The figure shows the developed hardware prototype consisting of an Arduino controller, Bluetooth module, 

LCD display, power supply unit, and six servo motors arranged to generate Braille dot patterns. 

VIII. CONCLUSION AND FUTURE WORKS 

 

In this research, BrailleSpeak was developed as a smart, voice-guided portable Braille interface for 

individuals with visual impairments. The system successfully integrated speech input, Bluetooth 

communication, Arduino-based processing, tactile Braille generation, and audio feedback within a compact 

architecture. The proposed approach improved accessibility, portability, and user interaction while reducing 

dependence on external assistance. Experimental evaluation demonstrated reliable operation and effective 

translation of voice commands into Braille output. Future work can focus on incorporating advanced speech 

recognition, multilingual support, cloud-based connectivity, expanded Braille display capacity, and 

rechargeable power management. Integration of artificial intelligence for personalized assistance and 

enhanced accuracy can further. 
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