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Abstract

In this survey, we provide a comprehensive study on the assistive technological devices which help visually impaired persons in their
day-to-day lives. With various forms of disabilities such as visual, auditory, mobility, or cognitive impairment affecting a significant
number of people worldwide, the aim of this study is to enable the blind persons to achieve independence. The primary objective of
this work is to provide a concise description of assistive technologies for the visually impaired, along with an exploration of
approaches for object detection, text detection, and text-to-speech synthesis. We present detailed discussion on these approaches
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using both traditional as well as deep learning based techniques. Finally, we conclude with some open opportunities where further
research can be carried out.

Introduction

Visual impairment [1] is a term experts use to describe any kind of vision loss, whether it is someone who cannot see at all or
someone who has partial vision loss. Some of the challenges blind people face in daily routine are access to information, overly
helpful individuals, societal stigma, leisure, often living in isolation and navigating around places.! Fig. 1 shows a geographical map of
some organizations around the world that help and offer assistance to visually impaired people.

Computer vision technology [2] has the potential to improve accessibility for visually impaired people. When navigating through real
and virtual spaces, they face a number of challenges with many public spaces still demonstrating a disregard for accessibility.

Several studies have been conducted over the last few decades on efforts to assist visually impaired people by means of
methodologies for object detection, text detection, and text-to-speech conversion. However, our survey is different from others in a
way that we mainly focus on how visually impaired people are assisted through computer-aided technologies. Assistive systems for
the visually impaired encompass a broad range of technologies, including mobility aids, access to information tools, educational
support, employment solutions, and social inclusion enhancements. These systems aim to address diverse needs such as navigation,
communication, health monitoring, and skill development, ultimately fostering independence and participation in various aspects of
life. For that, we have explored Emergency Technical Aids (ETA) for visually impaired people, and established the connection between
the three approaches, namely, object detection, text detection, and text-to-speech synthesis. A typical scenario of using wearable
glasses to assist visually impaired people is depicted in Fig. 2.

Elmannai et al. [3] discussed various equipment developed to assist visually impaired people. They provided a detailed description of
the equipment, the arrangement of the hardware, and their working in a nutshell, along with their benefits and drawbacks. However,
their survey does not discuss techniques for object detection and text detection as their scope was limited only to sensors.

Sumathi et al. [4] presented different text detection approaches for identifying text from images, signboards, pdf documents; and
other techniques for extracting text from scene text images. However, their survey does not include how visually impaired people are



assisted through text detection, as they only prioritize text extraction. Han Lin et al. [5] demonstrated a variety of traditional and deep
learning based text detection techniques. They categorized traditional methods as sliding window and connected component. On top
of that, they provided various deep learning models and briefed about various loss functions, datasets, and accuracy for each
technique.

Zhu et al. [6] presented various video object detection techniques. They classified various techniques into two broad categories. Each
classification technique is further subclassified based on the use of temporal information and the combination of features extracted
from video snippets. Each classification technique is compared using mean average precision (mAP). Their entire focus is on object
detection, without consideration of text mining and various ETAs.

Although these works have contributed significantly, none of the above-mentioned surveys studied text-to-speech synthesis which
can be more seamless and effortless for visually challenged people.

Our survey refers numerous research works contributed from various regions across the world. These contributions are visualized
through a filled map as shown in Fig. 3, where each region is represented by the number of papers submitted from that particular
location. A noteworthy observation regarding in this map is that certain regions may not display numerical values due to their limited
geographical area on the map, rendering is impractical to accommodate text within those areas. However, the relative values can be
inferred based on the shading intensity of the respective regions.

Many governments and WHO have also laid down certain guidelines and standards for use of web-based, desktop-based and
wearable assistive technologies for physically disabled people.

Most people who use assistive technology use more than one product, making integrated services important. The WHO and UNICEF
Global report on assistive technology offers recommendations specifically intended to steer governments and other stakeholders
toward achieving universal access to assistive technology and set up ten recommendations underline the ongoing efforts required to
enhance access to assistive technology for all in need.? The Global Report on Assistive Technology in 2022, published by WHO can be
accessed from this link.3

In India, the Ministry of Family and Health Care 4 provides a comprehensive guidelines for accessibility when dealing with persons
with low vision and blindness. This is basically for medical staff who is interacting or communicating with the disabled person. The



national list of essential assistive products (NLEAP) from Indian Council of Medical Research is available at this link®> which focuses on

policies for promotion and use of various assistive technologies for the needy people.

Some attempts are available in the literature which consider the collaborative study of object detection, text detection, and text-to-

speech synthesis as components for visually assisted systems. Rapid research advancement in contemporary years, in the field of

computer aided systems for visually impaired people inspired us to conduct in-depth survey by exploring, selecting and summarizing

concerned studies. Following is the motivation for this survey.

1.

The devices being utilized presently to give blind individuals eyesight are addressed in this work. In addition, we
have also included details regarding the underlying components of such devices, their construction, and the
benefits and drawbacks. This information can aid researchers in future by encouraging novel solutions for
assisting visually impaired people.

Three main aspects of enabling computer vision for visually challenged people: object detection, text detection,
and text-to-speech synthesis—are primarily studied to help the blind. Further, we have listed their benefits and
drawbacks to assist researchers in selecting the best strategies for a certain domain.

Fig. 4 provides an overview of the structure and organization of major sections discussed in this work.

This paper exhibits an extensive survey of computer-assisted technologies for visually impaired people.

Application domains in which visually impaired people can be assisted are highlighted.

A comprehensive description of various prototypes discovered till now for the assistance of visually impaired
people is presented in this study.

In-depth explanations of several text and object detection methods are provided along with the corresponding
metrics.

Several text-to-speech conversion approaches are discussed.



» To encourage researchers working in this area, current research opportunities and challenges are also described.

The structure of this research study is as follows: A Systematic survey methodology is presented in Section 2. The application
domains for assistive systems for visually impaired people are discussed in Section 3. In Section 4, the equipment used to assist
people with vision impairments are described. Section 5 describes the methodology for object detection. The details of various text
detection methodologies are provided in Section 6. Various approaches to text-to-speech synthesis are discussed in Section 7,
followed by the research opportunities and Conclusion in Section 8 and 9, respectively.
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Section snippets

Survey methodology

This section demonstrates the methodology used to carry out this survey. ...

Application domains

Any device or system that aids a person with a disability falls under the category of assistive technology. This section describes
numerous application sectors where visually impaired people are given assistance (Fig. 7).
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Equipment used for helping visually impaired people

An assistive system for visually impaired people is a collection of technologies and tools meticulously crafted to augment the
independence, accessibility, and overall quality of life for individuals confronting visual impairments or blindness. These systems
harness a diverse range of technologies to furnish auditory, tactile, or haptic feedback, thereby empowering individuals to navigate
their environments, retrieve information, and execute daily tasks that would pose challenges without visual ...

Methodology used for object detection

Object detection is used to find occurrences of objects in pictures or videos. To generate useful results, object detection algorithms
frequently incorporate machine learning or deep learning. Humans can quickly identify and locate objects of interest when viewing
images or videos. With a computer, object detection aims to simulate this intelligence.

The chart depicted in Fig. 11 illustrates the distribution of papers contributed to the field of object detection from 1999 to the present
day.

The ...

Methodology used for text detection

Text detection has many applications, but their main goals are to determine whether text is present in a given image and, if so, to
locate, detect, and recognize it [106]. Text localization seeks to identify potential text locations in images. Text extraction focuses on
localization and binarization, and text detection uses localization and verification techniques to determine whether or not there is
text [107]. The chart depicted in Fig. 14 illustrates the distribution of papers contributed to ...

Text-to-speech synthesis (TTS) approaches



Modern research and applications in speech communication rely heavily on digital speech processing. Speech is mostly used for
communication, which refers to message transfer between humans and machines. Using a speech synthesizer, text is transformed
into voice by a text-to-speech system (TTS). A voice synthesizer is a type of computer system used for this purpose, and it can be
implemented in both software and hardware forms [154].

Fig. 17 illustrates the classification of text-to-speech ...

Research opportunities

Following the review of numerous publications in each of the three fields—text detection, object detection, and text-to-speech
synthesis, we discuss some open issues and opportunities wherein there is scope for improvement in existing systems. ...

Conclusion

In conclusion, this survey has provided a comprehensive overview of assistive technologies, exploring their diverse applications and
impact on enhancing the quality of life for individuals with disabilities. Through the synthesis of existing research and advancements
in the field, we have highlighted the wide array of assistive technologies available across various domains.

We presented a comprehensive survey of three major technologies required for assisting visually impaired people (namely, ...
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