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A Study on the Development of Interactive
Technology for the Convenience of the Visually
Impaired
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Abstract: In this paper, as human-computer interface (HCI) technology advances,
opportunities are analyzed to provide a better service environment for the visually
impaired. The system and user interaction for the visually impaired will become possible
through the convergence of technologies that include location-based services, wireless
body sensor networks, and smart devices, which can have direct and positive impacts.
The system connects to the user's mobility assistance device through a smartphone app
and helps the user walk to identify and guide through obstacles. This interactive
technology is expected to provide a convenient environment for visually impaired users.
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1. Introduction

In the fourth quarter of 2020, the Laser Eye Surgery Hub (LESH) estimated that around 2.2 billion
people worldwide live with a vision impairment [1]. They also reported that in 2020, those who have
moderate or severe distance vision impairments will reach around 237 million, of whom 55% are women.
It is also believed that in the same year, 39 million people are expected to be blind globally, which is
expected to increase to 115 million people in 2050. According to the World Health Organization (WHO),
in their report on October 2019, at least 2.2 billion people have vision impairment or blindness that may
or may not have been addressed [2][3]. Vision impairment and blindness impact the lives of people of
all ages, affecting children and most severely in people aged 50 and above. The quality of life of those
suffering from visual impairment and blindness decreased resulting in lower productivity, decreased
workforce participation, and high rates of depression [2].

Currently, visually impaired people can walk with the help of mobility aids or guide dogs. The
number of visually impaired people is steadily increasing, and accordingly, efforts are being made to
help the visually impaired people in their daily lives. For safe walking, interaction between the smart
mobility assistance system and the user is required. Since it is difficult for visually impaired people to
grasp obstacles in unfamiliar places, a recognition system that considers obstacles is needed.
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Therefore, in this paper, a better environment for the visually impaired using human-computer
interface (HCI) technology and the interaction between HCI technology-based devices and users are
described.

The rest of this paper is structured as follows: Section 2 describes the HCI technologies that are
currently commercialized for the disabled; Section 3 describes the technology required for wayfinding
services for the visually impaired and the development of the interactive technology; and Section 4
discusses the conclusion and future directions.

2. HCI Technologies and Aids Used for the Disabled

This section discusses in detail the HCI technologies and assistive devices for the disabled that were
significant in providing a convenient environment for the visually impaired.

2.1 Assistive Devices for the Disabled

Currently, many auxiliary engineering devices designed to help the disabled are being
commercialized. Auxiliary engineering devices refer to all devices studied and developed to help the
disabled, the elderly, etc. lead their daily lives and professional lives well. This includes devices
employing electronic engineering technology, including software and hardware, and instrument devices
that improve physical functions. These tools are being upgraded with continuous technological
development.

(a) Reading terminal (b) Braille information terminal

Figure 1. The Braille Technology

Among these assistive technologies is Braille, which allows blind or visually impaired people to read,
write, or manipulate braille electronically [4]. This technology allows visually impaired users to do
common tasks such as writing, browsing the Internet, typing in Braille and printing in text, engaging in
chat, downloading files and music, using electronic mail, burning music, and reading documents.

It also assists visually impaired students to do their homework and school chores as their classmates
and helps professionals perform their daily tasks in offices [5]. The Braille technology is comprised of
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assistive devices, including a braille keyboard to input text and an output device where the blind or the
deaf may not be able to see or hear the contents, but they can feel them, as shown in Figure 1.

2.2 Technologies Used in Assistive Devices for People with Disabilities

2.2.1 Wireless Local Area Networks (WLAN)

Wireless LAN is a technology that connects two or more devices using a wireless signal transmission
method, as shown in Figure 2. With WLAN, the user can continuously access the network while moving
around a short-range area such as a home, school, computer laboratory, campus, mall, or office building.
Itis an IEEE standard for wireless communications, and names usually start with IEEE 802.11 and have
letters a, b, g, and n, depending on the version [6]. Since IEEE 802.11 is the only wireless LAN standard,
all other wireless LAN standards begin with 802.11, also known as wireless fidelity or Wi-Fi [7]. To
use Wi-Fi, you need an access point (AP). The router converts the Internet signal flowing on the LAN
lines into a wireless signal, and you can use the “wireless” Internet without connecting the LAN line
within the range of the signal. The WLAN can also extend its range through a gateway, providing a
connection to the wider Internet.
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Figure 2. Wireless Local Area Network (WLAN) [8]

Wi-Fi evolved from Wi-Fi 1, which has 11 Mbps speed, to Wi-Fi 6, which has 9.6 Gbps speed, with
bandwidth increasing exponentially [7], as indicated in Figure 3. The development of wireless
communication technology is making our lives very easy. They can be used for homes and short-range
areas that link together laptop computers, printers, personal digital assistants (PDASs), smartphones, Web
TVs, and gaming devices with a wireless router, which links them to the Internet. The APs, known as
hotspots, are provided by routers, that when connected to public areas including malls, restaurants, bus

33



A Study on the Development of Interactive Technology for the Convenience of the Visually Impaired

. __________________________________________________________________________________________________________________________________________|
terminals, train stations, coffee shops, hotels, and airports, allow users to access the Internet with their
portable wireless devices.

1997 1999 1999 2003 2009 2013 2021
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Wi-Fi 0 Wi-Fi 1 Wi-Fi 2 Wi-Fi 3 Wi-Fi 4 Wi-Fi 5 Wi-Fi 6

Figure 3. Wireless Local Area Network (WLAN) Evolution

2.2.2 Internet of Things (l1oT)

The Internet of Things (IoT) is an object-space network that cooperatively forms intelligent
relationships such as sensing, networking, and information processing without human explicit
intervention for three distributed environmental elements: humans, objects, and services [9][10].

Objects, which are the main components of 10T, include not only end-devices in wired and wireless
networks but also humans, vehicles, bridges, various electronic equipment, cultural assets, and physical
objects that make up the natural environment, as shown in Figure 4. The concept of machine-to-machine
(M2M), which can communicate intelligently between people and objects using mobile communication
networks, has evolved into a concept that interacts with all information in the real and virtual worlds as
well as objects.

INTERNET OF THINGS

Figure 4. Internet of Things Isometric Flowchart [11]

loT technologies include sensing technology, wired and wireless communication and network
infrastructure technology, and 10T service interface technology. Physical sensors of sensing technology
are developing into smart sensors with standardized interfaces and information processing capabilities
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to improve application characteristics. Virtual sensing technology is implemented in real 10T service
interfaces [12].

/ \\. .-'/ e \‘-.
| + ,| | a ,|
\ S A /
\\‘ - \\--___/,/
Healthcare I Smart home
e ~
TN / \\\\ TN
b ," \ /
(@) (1)
.\\H __J,»’j II.\\ ’:"-I h - B //j
. . A -
Transportation ~— Manufacturing
J— Internet of —
’ am Things ."I/f N\
1 l |
‘\__\__ A \\._\___ __._a/
Retail Utilities

Figure 4. Internet of Things Applications

0T has been implemented in various areas of applications, including transportation, smart homes
and cities, retail commerce, utilities, manufacturing, and healthcare [13][14], as shown in Figure 5.
Examples of loT applications include personal 10T traffic light notification services for the visually
impaired. It is a method of recognizing the color of traffic lights and communicating with a cell phone
through beacon technology to inform them by voice.

3. Development of a Guide Service for the Blind

Blind people have difficulty identifying obstacles quickly when walking on the street. In order to
walk safely in unfamiliar places, a road guidance system is needed to guide the path, considering
obstacles [15-17]. To do this, it is hecessary to provide a location-based service that searches for routes
by identifying obstacle information detected from the smart movement assistance system.

3.1 Wearable Devices

The concept that tools are extensions of the human body is key. The device, which started with the
wrist, is expanding its scope to glasses, shoes, accessories, T-shirts, and pants [18]. The current wearable
device market is focused on making our lives more convenient and rich. It is not essential for a non-
disabled person, but it will help someone improve their quality of life by becoming an eye, an ear, and
a bridge. If a non-disabled and disabled person-free environment is created by utilizing the
characteristics of these wearable assistants, society will be able to go in a more developed direction.

Ultrasonic sensors are used to immediately inform the visually impaired of the direction of the
obstacle. The way to tell the direction of an obstacle is to immediately vibrate when an obstacle is found
within a certain distance.
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Figure 2. Wearable Devices

3.2 Global Positioning Systems (GPS)

The Global Positioning System (GPS) is a satellite navigation system consisting of at least 24
satellites [19][20]. GPS satellites orbit the earth twice a day through precise orbit. A GPS receiver
calculates the exact location of the user using the identified information and trilateration. Essentially,
the GPS receiver measures the distance to each satellite by using the time it takes to receive the
transmitted signal. To calculate latitude and longitude and track movement, GPS receivers must capture
at least three satellites. GPS can grasp the user's speed, distance to the destination, and direction by using
the location. GPS can also be grasped through a wireless body network.

A route is searched by grasping information about an obstacle detected by a smart movement
auxiliary system. The location of the obstacle is the GPS value obtained by converting the distance from
the obstacle into latitude and longitude in the direction of the identified user. A user's position is grasped
by GPS, and the location of nearby obstacles and a guide service are provided simultaneously.
Information updated in the database is guided to the visually impaired by voice on a safe route free of
obstacles.

Figure 4. Guide Service

4. Conclusions

In this paper, a road guidance service based on an obstacle map for the visually impaired is envisioned.
The road guidance service envisioned this time provides a safe path for the visually impaired by
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considering obstacles through human-technical interactions. Currently, GPS has a margin of error of
about 10 meters. However, for the blind, the error of 10m is a big figure. It is expected that high-precision
GPS will be commercialized, and the range of services will gradually expand, allowing blind people to
go wherever they want in the future.
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