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Abstract: The visually impaired community lacks affordable access to digital content through tactile
interfaces. Commercial refreshable Braille displays are prohibitively expensive due to complex
components such as piezoelectric actuators. This paper presents the design and development of a low-
cost, user-friendly refreshable Braille display using electromagnetic actuators. We use microcontrollers,
solenoid-based dot actuation, and open-source Braille translation libraries to achieve real-time text-to-
Braille conversion. The proposed model reduces cost, improves accessibility, and offers potential for
scalability and portability.
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1. INTRODUCTION

Braille is a tactile writing system that is essential for the visually impaired to access education and information.
With the rise in digital content, there is a growing demand for real time Braille interfaces. However, commercial
refreshable Braille displays are priced beyond the reach of most users in developing countries due to high
manufacturing and component costs. This paper addresses this gap by proposing a refreshable Braille display that
uses low-cost components like electromagnetic push-pull actuators and microcontroller-based control systems.
The system aims to democratize access to digital content for the blind community.

2. PROBLEMS STATEMENT

In the digital age, access to information is essential for education, employment, and daily life. For visually
impaired individuals, this access largely depends on tactile reading systems such as Braille. However, the current
availability of affordable and efficient Braille reading devices remains a significant challenge. Commercially
available refreshable Braille displays are technologically advanced but highly expensive, often costing thousands
of dollars. This makes them inaccessible for a large portion of visually impaired users, especially in developing
countries. These high costs are primarily due to the use of complex components such as piezoelectric actuators or
electroactive polymers, which require intricate manufacturing, high- voltage operations, and precise control
systems. Additionally, many existing devices consume significant power and are not easily portable, limiting their
practical use in everyday scenarios. Furthermore, despite advancements in accessibility technology, a scalable,
low-power, and user-friendly solution that allows real-time translation of digital text into Braille remains largely
unavailable at a consumer-friendly price point. There is an urgent need to design a low-cost, energy-efficient, and
portable refreshable Braille display that can bridge this accessibility gap. This project aims to develop such a
system using readily available components such as microcontrollers, solenoids, and basic 3D-printed structures.
By leveraging electromagnetic push-pull actuators and open-source software tools, we aim to create a modular,
real-time Braille display that is not only cost-effective but also adaptable to various user needs. This solution can
significantly contribute to inclusive education and digital empowerment for the visually impaired.

3. LITERATURE REVIEW OF EXSITING PAPER

Several innovative approaches have been explored in recent years to develop refreshable Braille displays that are
more accessible, efficient, and cost-effective. One such approach is presented by Qu et al. [1], who developed a
refreshable Braille display using a triboelectric nanogenerator (TENG) combined with a dielectric elastomer. This
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eliminates the need for high-voltage power sources and improves safety. The device demonstrated high durability
with over 20,000 actuation cycles, proving its long-term usability. Ren et al. [2] proposed a design using
electroactive polymer (EAP) actuators, achieving more than 3% strain and 1 mm dot displacement—meeting
Braille tactile standards. Their use of thin, self-healing polymer electrodes offers enhanced reliability and
suitability for mass production, though these materials remain expensive and complex to fabricate. Hossain et al.
[3] introduced a mechanical slider- based Braille display driven by stepper motors and used pre-protruded pins to
generate Braille characters. A key feature of their model is its integration with a Tesseract-OCR-based Android
app, which translates printed text into Braille in real time, without internet access. This approach is significantly
lower in cost but lacks compactness and may be slower due to mechanical movement. Bar Cohen [4] reviewed
multiple EAP-based actuation technologies, including dielectric elastomers and IPMCs. He noted challenges such
as high voltage requirements and complex fabrication, limiting their feasibility in low-cost designs. Frediani et al.
[5] designed portable, multi-line Braille displays using hydrostatically coupled dielectric elastomers (HC-DE).
Their work successfully integrated actuation and Braille dot structure, reducing size and weight. However,
scalability and voltage efficiency still need improvement. These studies demonstrate that while many advanced
technologies offer promising results, the trade-off between performance, cost, and scalability remains a key
issue—highlighting the need for simpler, low-cost solutions like electromagnetic actuation, which this project
focuses on.

4. ANALYSIS OF EXISTING WORKS

Several innovative approaches have been explored in recent years to develop refreshable Braille displays that are
more accessible, efficient, and cost-effective. One such approach is presented by Qu et al. [1], who developed a
refreshable Braille display using a triboelectric nanogenerator (TENG) combined with a dielectric elastomer. This
eliminates the need for high-voltage power sources and improves safety. The device demonstrated high durability
with over 20,000 actuation cycles, proving its long-term usability. Ren et al. [2] proposed a design using
electroactive polymer (EAP) actuators, achieving more than 3% strain and 1 mm dot displacement—meeting
Braille tactile standards. Their use of thin, self-healing polymer electrodes offers enhanced reliability and
suitability for mass production, though these materials remain expensive and complex to fabricate. Hossain et al.
[3] introduced a mechanical slider-based Braille display driven by stepper motors and used pre- protruded pins to
generate Braille characters. A key feature of their model is its integration with a Tesseract-OCR-based Android
app, which translates printed text into Braille in real time, without internet access. This approach is significantly
lower in cost but lacks compactness and may be slower due to mechanical movement. Bar Cohen [4] reviewed
multiple EAP-based actuation technologies, including dielectric elastomers and IPMCs. He noted challenges such
as high voltage requirements and complex fabrication, limiting their feasibility in low-cost designs. Frediani et al.
[5] designed portable, multi-line Braille displays using hydrostatically coupled dielectric elastomers (HC-DE).
Their work successfully integrated actuation and Braille dot structure, reducing size and weight. However,
scalability and voltage efficiency still need improvement. These studies demonstrate that while many advanced
technologies offer promising results, the trade-off between performance, cost, and scalability remains a key
issue— highlighting the need for simpler, low-cost solutions like electromagnetic actuation, which this project
focuses on.

5. PROPOSED SOLUTION /MODEL

The proposed refreshable Braille display aims to provide an affordable, compact, and energy-efficient device to
enhance accessibility for visually impaired users. Our model leverages miniature electromagnetic actuators to
dynamically control Braille pins, combined with a modular design for scalability and ease of maintenance.

System Architecture:
The device consists of a matrix of tactile pins arranged in standard Braille cells, each pin individually actuated to

create readable patterns. A microcontroller unit (MCU) serves as the brain, processing input text from a connected
computer or mobile device and converting it into Braille character signals.
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FIGURE 1.
Actuator Selection:
Electromagnetic actuators have been chosen due to their balance of cost, force output, and response speed. These
miniature coils drive magnetic plungers that raise and lower the pins precisely. The actuators are optimized to
minimize power consumption while providing sufficient force for tactile recognition.
Mechanical Design:
The pin matrix is designed using 3D-printed components for lightweight structure and rapid prototyping. Springs

provide the restoring force for pins to return to their default lowered position when deactivated. The design ensures
low friction and smooth pin movement to enhance user comfort.
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FIGURE 2.
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FIGURE 3.

FIGURE 4.

Control Electronics:

The MCU interfaces with driver circuits that control the current through each actuator coil. A communication
interface (USB or Bluetooth) enables seamless connection with external devices, allowing real-time text-to-Braille
conversion.

Software Integration:

The accompanying software converts digital text into Braille code, which is transmitted to the MCU. Firmware
embedded in the MCU handles actuator control signals, ensuring precise timing and synchronization for
refreshable display updates.

Advantages:

>
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Low Manufacturing Cost: By using 3D-printed components and off-the-shelf electronic parts, the overall
production cost is significantly reduced, making the device accessible to a larger user base.
Customizable Cell Count: The modular structure allows users to choose the number of Braille cells (e.g.,
20, 40, or 80), enabling cost and size customization based on user needs.

Lightweight and Portable: The use of lightweight materials and compact electronic components ensures
that the device is easy to carry and use on the go.

Low Power Consumption: The system is designed to activate only the required actuators at any given
time, minimizing energy usage and increasing battery life.

Quick Refresh Rate: The electromagnetic actuators provide faster pin response compared to shape
memory alloys or pneumatic systems, allowing real-time reading without noticeable lag.

Improved Durability: The selected materials and actuator types ensure long-term usage with minimal
wear and tear, ideal for daily use.

Tactile Comfort and Accuracy: Pin height and spacing follow international Braille standards, providing
comfortable and accurate tactile feedback for readers.

Easy Maintenance and Repair: The modular design enables quick replacement of defective cells or
actuators without affecting the entire system.

Future Integration Capabilities: The system architecture supports upgrades like voice output, wireless
connectivity, or integration with screen readers and mobile apps.

This proposed solution addresses key challenges faced by existing designs, targeting a balance between
affordability, usability, and performance to expand the availability of refreshable Braille technology
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6. METHODOLOGY

Component Selection

We selected Arduino Uno/Nano for control logic, electromagnetic push-pull actuators for Braille dot movement,
and 3D printed parts for housing.

System Design

CAD tools like SolidWorks and AutoCAD were used to create the mechanical layout. The dots are mounted on
an actuator base for movement based on binary Braille codes.

Software Development

The system uses Arduino IDE and Braille translation libraries. ASCII text is input and converted into Braille
binary which controls the actuators.

Assembly and Testing

The full module was tested for:

Response time of actuators

Dot height accuracy

Continuous refresh capability

Readability by visually impaired volunteers (optional/future phase)
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7. CONCLUSION

The proposed design for a refreshable Braille display offers a promising solution to the accessibility challenges
faced by visually impaired individuals in the digital age. By leveraging cost-effective electromagnetic actuators
and 3D-printed components, this model addresses the key limitations of existing commercial devices—namely
high cost, limited scalability, and power inefficiency. The modular architecture ensures flexibility in design,
allowing easy expansion and maintenance while maintaining tactile accuracy and reading comfort. This project
successfully integrates hardware and software components to deliver real-time Braille output from digital text
sources. The microcontroller-based control system, along with efficient driver circuits, enables precise actuation
of Braille pins with minimal latency. Additionally, the use of open-source tools and materials makes the solution
more accessible to developers and organizations focused on assistive technologies. Compared to traditional
piezoelectric-based displays, our model provides a significantly lower-cost alternative without compromising on
performance or usability. The system’s low power consumption and lightweight structure make it suitable for
portable use, thereby increasing its practical applicability in educational and professional environments. Future
enhancements may include the integration of haptic feedback, speech output, or wireless connectivity to broaden
user interaction. With further optimization and testing, this design has the potential to contribute significantly to
inclusive education and digital accessibility. Overall, the proposed model is a step forward in democratizing
Braille technology, making it more attainable for users across diverse socio-economic backgrounds.
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