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Abstract 

Visual impairment is a disability resulting in partial or complete loss of vision. It results in hindrance to perform daily chores, 
thereby decreasing the quality of life. This study aims to augment the user’s experience with digital interfaces (e.g., the display 
system of personal computers and smartphones) through the design of an efficient system enabling easier and effective user 
navigation. A detailed case study is performed, followed by empathy-based design methodology. As a result, a haptic sensor glove 
for the desktop system and a launcher application for the smartphone is designed, which is further validated. This system provides 
spatial-cognitive information to the user, which helps them to effectively navigate digital interfaces. The features included in the 
PC display system are spatial boundaries, reduced sequential processes, and navigation using haptic sensors. The smartphone-based 
launcher application consists of an error handling function and a speech to text conversion using Google speech API.  
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1. Introduction 

Visual impairment is defined as a condition of partial or complete loss of vision[1]. Around 90% of visual 
impairment cases are due to various reasons such as Glaucoma, uncorrected refracted errors, cataract, damage to the 
visual cortex and corneal opacity [2], while 4.8% is due to severe birth deformities [3]. Worldwide, 1.3 billion people 
are suffering from visual disabilities, among which 36 million people are completely blind [4,5]. Visual impairment 
is most likely to occur in the age group of 50 and above [6]. Visual sense accounts for 90% of all the information the 
brain perceives. As a result, the visually impaired, feel lost, insecure, and anxious, thus impacting their quality of 
life[7–9].  

Studies show that visually impaired persons could be provided support in two ways – Perceptual and conceptual 
[10]. Conceptual support includes methods such as spatial mapping and orientation based problem-solving approaches 
to create cognitive spatial maps, which in turn is used for navigation[11]. Perceptual support aims to compensate 
deficiency in vision with haptic and acoustic solutions [12].  

 

Fig. 1. Classification of support provided to the visually impaired (Adapted from [10,12]) 

The word haptic is derived from the Greek word ‘haptiko’ which signifies the ability to touch [12]. Recent years 
have seen massive growth in the studies on haptic sensors. Moreover, there exists a need for collaboration of medical 
skills and modern technology for developing assistive devices for the visually impaired [8]. There are several existing 
products and features to help the visually impaired such as- Braille display, screen readers, gesture recognition, image 
recognition, ultra-haptics technology, launchers on smartphones, and PC operating systems having speech recognition 
for navigation[13].  

With the increasing dependencies on smartphones and PCs, the visually impaired feel excluded and are reluctant 
to use these devices. This paper aims to augment the user’s experience with digital interfaces (e.g., the display system 
of a PC and smartphone) through the design of an efficient system enabling easier and effective user navigation. This 
paper aims to bridge the gaps in the existing solutions by including spatial and cognitive boundaries, reduced 
sequential process, an efficient error handling system using haptic sensors and artificial intelligence. The design 
intervention attempts to improve user-awareness and user experience. Unlike, the existing products such as expensive 
Braille-keyboards which requires extensive training, this solution aims to be cost-effective and easy to learn[14].  

This paper is divided into five sections. Section two describes the methodology for system development. Section 
three provides the results and its validation by performing experiments to check the reliability and efficiency of the 
proposed solution. Section four discusses the results and features of the design proposal followed by the conclusion. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.procs.2020.03.277&domain=pdf
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2. Methodology 

2.1.  Design Methodology 

A detailed case study is performed to understand the user (with complete loss of vision) requirements. Empathy-
based methods are also adopted to develop an in-depth insight into the user’s needs. The primary features gathered 
after the preliminary case study are further ranked in order of their importance. The three functionalities chosen for 
the development of the device based on the cross-impact matrix (Table 1) are - ‘easier selection process’, ‘haptic 
sensing units’ and ‘error handling system’. A suitability matrix (Table 2) is constructed to compare the existing 
solutions (such as haptic sensation, speech recognition, and software application) based on the requirements gathered 
from the cross-impact matrix. A hybrid of these three solutions is used to design the proposed system. Various 
platforms are tested to assess the suitability for the placement of haptic sensors. Subsequently, a cloth glove is chosen 
to ensure vibrations are recognised locally. After the development of the system, user-trials are performed to 
understand the device’s performance and usability.  

  

 Table 1. Cross-impact matrix to rank the functionalities for the assistive device. 

 

 

 

 

 

 

 

 

 

Table 2. Suitability matrix to compare existing solutions. 
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2.2. Technical Methodology 

The proposed solution (haptic gloves) comprises of a vibration motor (3V), Arduino Pro Micro, and a USB 
connection to the computer. The speed of the vibration motor is 14,500 rpm at a no-load supply voltage of 3V. The 
mouse coordinates are taken from the system using a program written in C# (Table 3). The coordinate data is 
transferred to the Arduino Pro Micro via a micro USB cable. This data is analysed by the microcontroller, and the 
vibration motors are activated accordingly.  

An Android-based launcher is developed which includes a list of applications arranged in the order of their usage. 
A speech-to-text program is included in the model using the Google speech API, which is powered by the WaveNet 
model from DeepMind. WaveNet is a deep generative model which is used for speech recognition. The error handling 
code in Java is also included in the proposed launcher application (Table 3).  

3. Results and Validation 

3.1. System Description 

In the circuit diagram (figure 2. (a)) of the haptic glove, five vibration motors are used. Four vibration motors are 
used to define the boundary of the screen, and a central vibration motor is activated to notify the user when hovered 
over an icon. Each motor’s placement on the glove mirrors the boundaries of the screen. After the testing of various 
platforms (such as computer-mouse) for the deployment of vibrators, it is inferred that a platform that distinguishes 
between the vibrations at different locations, is required. A cloth glove is used (for prototyping), which transfers the 
vibrations locally to the palm (figure 2. (b)). The vibrators are placed on the glove in respective sides corresponding 
to the boundaries of the screen. The centrally-placed vibrator is responsible for vibrations emanating while hovering 
over an icon. 
 

      

Fig. 2. (a) Circuit diagram; (b) Prototype of haptic sensor glove. 

A smartphone-based launcher application, which displays the list of applications based on the user’s frequency of 
use, is developed using the Android Studio (figure 3). The launcher home screen has a speech initiation button which 
enables the user to use voice commands for the selection of desired application. The applications are listed below this 
button based on the frequency of their use. When the user swipes over the screen, the first icon is selected. Hence, this 
feature helps the user to select the most frequently used application with minimal effort. The application usage pattern 
data is extracted for creating a list using the app logger library. Then, the required app is selected using the Google 
Speech API, which converts speech to text.  

 

a b 
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Fig. 3.  Android studio-based launcher 

 
 
 
 

 

 

 

 

 

Fig. 4. Flow-chart for the Error handling model in Launcher 

 

Table 3. Code snippets for included functionalities 

Functionality Code 

C# code for Cursor Position  this.label1.Text = Cursor.Position.X.ToString() + " " + 
Cursor.Position.Y.ToString(); 

      var com = new System.IO.Ports.SerialPort( 

                "COM9", 9600, System.IO.Ports.Parity.None,8, 

                                 System.IO.Ports.StopBits.One); 

            if (Cursor.Position.X == 0) 

            { com.Open();com.Write("" + 1); com.Close();} 

 

private void handleUncaughtException (Thread thread, 
Throwable e) 

{Intent intent = new Intent (getApplicationContext(), 
MainActivity.class); 

intent.addFlags(Intent.FLAG_ACTIVITY_NEW_TASK); 

startActivity(intent);} 

 

 

 

 

 

 

 

Java code for error handling 
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An error handling code written in Java is also included in the Launcher (table 3). The flow chart (figure 4) is used 
to depict the working of the error-handling model. To handle an uncaught exception, the model creates a class 
extending the MainActivity class. In the launcher activity, the ‘required activity’ is called. Before handling the 
exception, the MainActivity is initiated based on user’s requirement. This error handling system revokes the 
applications which have stopped working to the same activity. Furthermore, if the app fails to be revoked, then the 
application is restarted. Thus, this system is efficient and reduces frustration with the navigation for the user. 

3.2. Validation 

To validate the performance of the smartphone-based system, an experiment is conducted. This experiment tests 
the selection process of the launcher. The launcher uses a talk-back feature, which is a service that helps the visually 
impaired to interact with their smartphone. The experiment is conducted with ten randomly-selected users who are 
blindfolded. App index is defined as the position of the application in the usage list. The App index is dependent on 
the frequency of its usage by the user. The aim is to select a random app from the list. Time taken by individual users 
to perform this experiment with and without speech is recorded and is compared to the App index. The results (figure 
6) show that - in the ‘with speech’ scenario, the time taken to complete the task is similar in all cases. Whereas, in the 
‘without speech’ scenario, the time taken to complete the task is close to the App index’s value. It is further observed 
from the experiment that the visually-impaired persons are more compatible with the ‘with-speech’ feature. 

 

Fig. 6. Graphical representation of the results obtained comparing application selection with and without speech   

 
The second experiment is conducted to test the haptic sensations of the glove. Ten users are selected randomly, of 

which nine users are blindfolded while one user is blind by birth. The given task is to select a random app on the 
screen with the help of speech navigation. Only four icons are enlarged and placed on the screen (figure 7(a)). Keeping 
in mind Fitt’s Law [15] which states that the time required to move to a target area is a function of the ratio between 
the distance to the target (D) and the width of the target (W) (figure 7 (b)) [15]. The results obtained (figure 8) show 
that the mean response time for completion of the given task is 47.55 seconds. The maximum response time is taken 
by ‘Person 8’ (54 seconds) while the minimum response time is taken by ‘Person 2’ (43 seconds). The visually 
impaired person takes 45 seconds to complete the task, which is significantly less time while compared to the other 
users. These experimental results show the utility of the proposed system (including gloves) and validate its 
performance. It is also observed that the visually impaired person can adapt to the device’s design with ease. 
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users. These experimental results show the utility of the proposed system (including gloves) and validate its 
performance. It is also observed that the visually impaired person can adapt to the device’s design with ease. 
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 Fig. 7. (a) Screenshot of experiment setup (screen); (b) Fitt’s law explained on screen. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Graphical representation of time taken to select the app from the screen using speech navigation 

4. Discussions 

In this paper, a solution is proposed for effective navigation of the display system in PCs and smartphones for a 
visually impaired person. In the display system for PCs, icon selection from the screen and screen navigation are 
identified as design problems, which is solved by providing a speech recognition application and haptic sensor-based 
gloves, respectively. These solutions are validated by experiments conducted (see figure 8). Additionally, the usage 
of smartphones by the visually impaired is hampered by complicated scrolling procedures and frequent errors (due to 
app-crashes), which is solved by using hot-words based speech-to-text recognition system and error handling system, 
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respectively. These solutions for smartphone navigation is validated by further experiments (figure 6). The problem-
solution matrix is provided with experimental validation (Table 4). 

   Table 4. The problem-solution matrix with validation 

 

5. Conclusion 

With the emergence of digital technology and its widespread usage, most visually impaired people tend to feel 
excluded. The haptic sensor glove designed, augments the user experience by bridging the gap in existing solutions 
(such as braille display, braille keyboards, speech recognition, PC operating systems having speech recognition) by 
enabling visually impaired persons to get a complete understanding of their screens. The proposed speech-based input 
system provides for easier navigation on smartphones and convenient selection of applications using artificial 
intelligence (Google API). Other significant problems such as reducing the sequential process, error handling and 
delay-free interface are also handled with this device’s design by employing hot-words to find the required application. 
The proposed system is cost-effective and caters to all classes of society.  
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