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Abstract: According to the World Health Organization, 2.2 billion people globally have some vision
impairment. Blind and vision impairment children can undergo poor motor, language, and cognitive
evolution, bringing lower levels of educational success. Our proposal aims to design and develop a
one-character refreshable braille display that is affordable and easy to use through the Internet of
Things (IoT) technology. Reading is essential to acquire knowledge by allowing an affordable form of
reading based on braille, a handy tool for teaching and training blind and visually impaired people
can be reached.

Keywords: assistive technologies; braille cell; visual impairment; accessibility; internet of things;
haptic interface

1. Introduction

According to the World Health Organization, 2.2 billion people globally have some
vision impairment [1]. The impairment prevalence in low- and middle-income areas, like
Mexico and Latin America, is estimated to be 400% higher than in high-income regions. In
Mexico, 8.97 million people were identified with some visual impairment in 2020 [2]. In
addition, the blind and vision impairment population faces severe social and academic ex-
clusion. For instance, children can undergo poor motor, language, and cognitive evolution,
bringing lower levels of educational success.

Braille script represents a language’s characters in a rectangular arrangement of raised
dots so that blind people can read the symbols and obtain written knowledge through
the touch sense. Braille characters are generally printed in books or on commonly used
surfaces, such as ATMs. However, printing is resource intensive as it needs to be done in
each case. For this reason, electronic Braille displays were developed, which connect to
a computer or smartphone and provide a tactile representation of the text displayed on
the screen. Unfortunately, accessing this technology is difficult for people in developing
countries because it is very costly.

Hence, this paper describes the design and development of a refreshable single-
character Braille display that is affordable and easy to use through the Internet of Things
(IoT) technology. Reading is essential to acquire knowledge by allowing an affordable
form of reading based on braille, a handy tool for teaching and training blind and visually
impaired people can be reached.

2. Braille Displays as Assistive Technology

Screen readers are now gaining ground as assistive technology for blind and low-
vision people as they are natively integrated into modern desktop and mobile operating
systems. Although Braille displays (also known as Braille lines) have been around for many
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years, their advantages over screen readers are that they allow for more significant user
interaction [3] and better usability [4].

A wide variety of Braille displays for visual impairment are available, but due to
cost reasons, they are mostly accessible only to the high-income population in developed
countries. Attempts to develop Braille displays date back decades of research, with the
main limitation being the actuator technology that can be used to interact with the user’s
haptics. They have experimented with solenoids, shape memory alloys (SMAs), ferrofluids,
Micro-Electromechanical Systems (MEMs), flexible polymers, and other materials [2–7]. In
all cases, the main challenges are the weight, volume, energy consumption, and high costs
of the devices developed.

A refreshable Braille cell is proposed to address these challenges and develop a
device suitable for the local context, this research designed the device using push-pull
electromagnetic solenoids connected to an ESP-32 microcontroller board. Each solenoid,
when moved vertically, represents a braille dot that blind people can read from the device
by touching.

3. Methods

The methodology used in this project was SCRUM [5], which uses an agile approach
to develop systems based on software and hardware. It is based on rapid iterations with
specific objectives. This methodology was selected due to its flexibility to generate constant
improvements since it seeks to provide functional prototypes in short periods.

3.1. System Architecture

Figure 1 illustrates the IoT system architecture for the Braille cell.
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Figure 1. The IoT system architecture for the braille cell.

The architecture was designed based on the edge computing paradigm [6,7], enabling
near real-time communication close to where the data is generated, that is, the edge of the
Internet [8]. Avoiding the steps of sending information from an internet-connected device
to the cloud, from which the Braille cell must read the information, which results in faster
communication between software and hardware.

Communication between the device and the contents to be displayed in the Braille cell
is done through the Message Queuing Telemetry Transport (MQTT) protocol, a well-known
IoT messaging protocol that was used to transmit the digital text and convert it to physical
braille text. MQTT uses a publish and subscribe model, which typically operates with a
small network overhead. This attribute makes it flawless for operating on microcontrollers
in edge computing applications that demand high-speed data communication between
devices over a wireless local area network (WLAN).
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3.2. System Design

Figure 2 shows the prototype hardware. The central elements are the digital processing
and control phases implemented within an ESP32-WROOM microcontroller board. This
device was selected because it has integrated Wi-Fi (802.11 b/g/n up to 150 Mbps), a 32-bit
dual-core Xtensa LX6 processor operating at 240 MHz, 4 MB of Flash memory, and 520 KB
of SRAM, and digital terminals. This is sufficient for controlling the actuators that produce
the sequences of the Braille symbols.

Eng. Proc. 2022, 27, 11 3 of 5 
 

 

with a small network overhead. This attribute makes it flawless for operating on micro-

controllers in edge computing applications that demand high-speed data communication 

between devices over a wireless local area network (WLAN). 

3.2. System Design 

Figure 2 shows the prototype hardware. The central elements are the digital pro-

cessing and control phases implemented within an ESP32-WROOM microcontroller 

board. This device was selected because it has integrated Wi-Fi (802.11 b/g/n up to 150 

Mbps), a 32-bit dual-core Xtensa LX6 processor operating at 240 MHz, 4 MB of Flash 

memory, and 520 KB of SRAM, and digital terminals. This is sufficient for controlling the 

actuators that produce the sequences of the Braille symbols. 

 

Figure 2. Prototype schematics diagram. 

Six solenoids were used to display the tactile symbols on the matrix, which due to 

their nature, operate with higher voltage and current than the digital system can supply. 

Hence, an external power source capable of providing 5 V and a current of 9 amps is re-

quired. 

The schematic diagram presents two blocks separated according to their operating 

voltage and current: one low power and one high current. As seen in these blocks, the 

digital control terminals are isolated with six optocouplers to ensure the block’s protection 

from discharges up to 5 kV, while the high current fed into each solenoid is controlled 

independently by activated relays through the output of the corresponding optocoupler. 

4. Results 

Figure 3 shows the prototype developed in this iteration of the methodology. As can 

be seen, the structure was built with wood since it represents a lower cost than 3D printing 

and is durable and resistant. 

Figure 2. Prototype schematics diagram.

Six solenoids were used to display the tactile symbols on the matrix, which due to their
nature, operate with higher voltage and current than the digital system can supply. Hence,
an external power source capable of providing 5 V and a current of 9 amps is required.

The schematic diagram presents two blocks separated according to their operating
voltage and current: one low power and one high current. As seen in these blocks, the
digital control terminals are isolated with six optocouplers to ensure the block’s protection
from discharges up to 5 kV, while the high current fed into each solenoid is controlled
independently by activated relays through the output of the corresponding optocoupler.

4. Results

Figure 3 shows the prototype developed in this iteration of the methodology. As can
be seen, the structure was built with wood since it represents a lower cost than 3D printing
and is durable and resistant.

At the top is the cell in the form of a 2 × 3 matrix, whose pins are visible when they
are in the active state, representing a Braille character.

Testing

The effectiveness of the prototype was tested using the battery of tests proposed in [9]:

• In-sequence-character output accuracy test.
• Random-character output accuracy test.
• Correct display of pins during reading mode.
• All tests were passed successfully.
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5. Discussion

During the first iterations, the control system maintained the active state of the
solenoids to represent the Braille letters indefinitely. However, over time, excessive power
was found to be dissipated by these devices in the form of heat, which means high power
consumption and risk of damage, including fire. To address these challenges, the solenoids
were programmed to be activated for only four seconds, enough time for each of the
symbols to be interpreted and keep them inactive the rest of the time.

The solenoids used in the project were one of the few options available in Mexico, as it
was impossible to obtain others with more desirable characteristics, such as low operating
voltage, a higher impedance of the inductor, and even smaller physical dimensions to
organize them for the size of a single fingerprint. Due to this, in the project’s next iteration,
various hardware components that can achieve the miniaturization of the Braille cell and
reduce energy consumption are analyzed.

6. Conclusions

With the development of this work in progress, it was demonstrated that creating a
Braille cell with accessible costs for the local context is possible. The following stages of
the project will consist of reducing the prototype’s size and carrying out tests with users to
validate its usability, usefulness, and efficacy.
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