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Abstract—Nowadays, accessing visual information is an 

essential need for all kinds of tasks and users, including blinds. 

However, access to written information like texts, images and 

graphics is still severely limited for people with visual 

impairments. The massive spread of smart phones has inspired 

developers to take advantage of the touch screen technology 

for developing aids for people with visual impairments, 

particularly by incorporating vibro-tactile stimulation to 

convey patterns on their surfaces. This paper describes a 

procedure for creating tactile interfaces for android smart 

phones. The procedure uses the HTML5 Vibration API and 

the JavaScript programming language to create vibration 

patterns in order to increase the interaction between visually 

impaired people with their smart phones. Experiments were 

performed only on blindfolded candidates, who are requested 

to identify the difference between various vibration patters on 

their smart phones.   

Vibration patterns; HTML5; Tactile interfaces; Haptics; 

Vibration API 

I.  INTRODUCTION 

The invention of the telephone was the first approach to 
transfer the sense of audio via technology to all over the 
planet. Then, the introduction of television brought both 
audio and video inside almost every home in the world. This 
technological evolution merges the hearing and vision 
sensations and broadcasts them to the audience. Among all 
five senses, the aforementioned two are the most common 
for data transferring by today’s tools.  

In recent years, an effort has been put on the 
representation of the sensation of touch, called haptics. 
Haptics offers a stimulus and immersive feeling to the user. 
It is one of the main senses of the human body that helps for 
the perception of the surrounding space and its 
understanding. Haptic perception is divided according to the 
feedback that is produced into kinaesthetic and tactile type. 
Kinaesthetic information refers to the sensation of muscle, 
tendons and joints movements and position. Tactile 
information refers to touch, pressure and temperature 
feelings. It is a prerequisite for the perception of objects and 
their position in case of limited visibility [1]. Tactile 
feedback can be exploited to help visually impaired people to 
explore the shape, the texture, the geometry, the mass, the 
elasticity and the dimensions of objects with their hands. An 

extension to tactile exploitation is the exploration of a smart 
phone’s touch screen. 

In the last decade the use of smart phone devices has 
been increased rapidly. Smart phones can provide not only 
video and audio features but also an interaction with the user 
via the touch screen. The touch screen, in combination with 
the vibration motors, can be considered as a tactile interface. 
Visually impaired people can take advantage of this vibro-
tactile interaction in order to distinguish letters, colors or 
objects inside an image or video displayed on the touch 
screen. 

This paper tests different vibration patterns on 
blindfolded people, in order to provide evidence about which 
method is more efficient for color, object or area 
identification. The concept behind the mobile application is 
to transform colors, objects or areas to different vibrations 
patterns. Thus, the user will be able to distinguish colors and 
objects without seeing them, due to the vibro-tactile 
feedback that cell phone’s vibration motors will produce.   

The remainder of this paper is organized as follows. 
Section II reviews the background and related works on data 
accessibility for visually impaired people with vibro-tactile 
methods. The different vibration patterns that were tested on 
blindfolded people are presented in Section III. In Section IV 
the results of the experiments are explained. Finally, in 
Section V the conclusions are inferred. 

II. RELATED WORK 

In [2] the authors introduce GraVVITAS, which is a 
multi-modal computer tool for presenting accessible 
graphics. It uses a multi-touch sensitive tablet PC for 
tracking the position of the user’s fingers, allowing the 
exploration of graphic elements. It offers both haptic and 
audio stimuli. Tiny vibrating motors similar to the 
technology used in mobile phones are attached to the fingers 
in order to provide haptic feedback. The vibration of the 
motors allows users to define the position and geometric 
properties of the displayed graphic elements. Furthermore, 
audio feedback is provided to help the user with navigation 
and identification of non-geometric properties. The authors 
conducted a comparison to investigate whether haptic or 
audio feedback showed better performance for visually 
impaired people to recognize the position and shape of 
simple graphics like lines, triangles, rectangles and circles. 



The research in [3] evaluates a vibro-audio interface, 
which provides non-visual access to graphic material. The 
system combines both vibratory and audio mechanisms to 
help people without vision to navigate on the touch screen of 
a conventional tablet. So, blinds can identify the on-screen 
visual element by the distinctive vibration patterns and 
auditory information that were triggered whenever this 
element is touched. The studies were conducted and 
recorded: i) the legibility and comprehension of the relative 
relations and global structure of a bar graph, ii) the pattern 
recognition via a letter identification task and iii) the 
orientation discrimination of geometric shapes. 

In [4] the authors perform a study to examine whether 
users with visual impairments are able to track simple 
graphical elements displayed on a tablet, based on position-
coupled vibration alone and whether auditory position 
information enhanced their capabilities of identifying the 
displayed material. Experiments were conducted on a 
Samsung Galaxy tablet with a 7 inch touch screen running 
Android operation system version 3.2 and a pair of 
Sennheiser USA HD 201 headphones was used to produce 
audio from the device. The types of displayed vibratory 
stimuli were continuous lines, dashed lines, and information 
points. As a result, the authors assessed: i) the accuracy of 
the question responses, ii) the meantime for exploring and 
interpreting the graph and iii) the subsequent display 
sketching time. 

The authors in [5] compare the performance of exploring 
and identifying refreshable and tangible graphical displays in 
a basic graphical task, determining the magnitude of an 
angle. For this purpose, they used a friction based tablet 
display and a commercially available tablet with resident 
vibration. The friction conditions were presented on a first 
generation TPad Fire that is a 7 inch touch screen tablet 
computer, which integrates variable friction technology from 
a TPad into a Kindle Fire. The vibratory experiment was 
conducted on a Samsung Galaxy Tab 7.0 Plus tablet with a 7 
inch touch screen, as well. 

The experimental protocol EVIAC is presented in [6], 
which comprises two main experiments of testing visually 
impaired users’ capacity in recognizing: i) basic shapes and 
ii) simple geometric objects, displayed on a vibrating touch 
screen. The prototype system was developed on a Samsung 
Galaxy Tab computer tablet with a 10.1 inch touch screen 
with a 1280×800 screen resolution, running Android 
operating system version 3.2. A vast amount of tests were 
conducted on blindfolded and blind candidates, using several 
evaluation metrics including: i) accuracy of shape 
recognition, ii) testers’ average response time, iii) number 
and duration of finger strokes, iv) surface area covered by 
the testers’ finger path trails and v) finger path correlation 
with the surface of the target shape. 

The purpose of an experimental framework titled 
FittsEVAL in [7] is to evaluate whether Fitts’ Law can be 
applied for blind people using the vibration mechanism of a 
touch screen. Fitts’ Law is a model of human psychomotor 
behavior developed in 1954, which is based on Shannon's 
theorem in information theory. Fitts using it to describe the 
human perceptual-motor system, came up with a formal 

connection that demonstrates speed/accuracy tradeoffs in 
quick and aimed movements [8]. The authors claim that this 
is the first approach to study the applicability of Fitts’ Law 
for users without vision using a vibrating touch screen. To 
achieve this, they design the experimental framework 
FittsEVAL, in order to test a blind user’s ability to tap 
specific shapes on a touch screen. A dedicated prototype 
system has been developed to implement the proposed 
experimental framework. Three experiments were conducted 
on blindfolded and blind people testing: i) distance variation, 
ii) size variation and iii) angle variation of target. 

The authors in [9] propose two methods with tactile 
texture interaction to recognize numbers from a smart phone 
for visually impaired people. The first method uses left and 
right slider motion gestures (LRSM), while the second 
utilizes up to down slider motion gestures (UToDSM). Both 
of them use vibration feedback. These two methods were 
evaluated along with a vibro-tactile method and the results 
show that UToDSM provides better interactive efficiency 
along with recognition accuracy. 

A system that gives the ability to visually impaired people 
to haptically explore images and the surrounding 
environment with the help of tactile interfaces is proposed in 
[10]. In this study, haptic interfaces use a number of 
predefined tactile texture and patterns to enhance the 
experience of the tactile feeling of images for blinds. The 
open source OpenCv application is used to automatically 
change the group of colors from depth images to tactile 
texture and patterns. The depth images are captured with the 
help of RGB-Depth cameras. The tactile images are then 
explored by visually impaired people with the use of haptic 
interfaces. 

The paper in [11] proposes two different methods for 
increasing the tactile interaction between blind people and 
smart phones. Both of the two methods use the HTML5 and 
the Vibration API, in order to transform the touch of the 
smart phone user on the touch screen to vibration feedback. 
In the first method, the HTML5 <img> usemap attribute is 
used, in order to assign to each image section different 
vibration patterns. The second method uses the Artificial 
Intelligence Mask R-CNN algorithm [12] to automatically 
recognize objects in an image. An overlay with different 
color is placed over the recognized images and different 
vibration patterns are proposed and assigned to each color. 
 Taking into consideration the aforementioned 
researches, this one has, to the best of the authors' 
knowledge, not been presented in literature before. While 
previous works focus on how a visually impaired user could 
exploit the vibrations of the devices in order to identify 
letters, numbers, shapes and objects, none of them put effort 
to identify various types of vibration algorithms, which may 
be easily understandable from the users. The vibration 
patterns is a matter of investigation in this paper, as it still 
seems an open area for smart phone designers. Most of the 
previous studies allocate a fix vibration time for a unique 
letter, number, object, etc. and the users are obligated to 
learn the pattern whether it is convenient or not. Thus; this 
paper tests different vibration algorithms for the same color, 



in order to evaluate which one is the most acceptable by the 
users.      

III. DESCRIPTION OF VIBRATION PATTERNS 

The mobile application is implemented on HTML5 
Vibration API in addition with the usage of JavaScript 
programming language to create vibration patterns. It 
displays eight colored rectangles which are painted with 
different colors, as shown in Fig. 1. The vibration pattern 
differs for every rectangle, except for two which have the 
same pattern. The main aim of the user is to touch on the 
screen, where a colored rectangle is placed, in order to 
trigger the vibration motor of the smart phone. Then, the user 
should try to identify which two rectangles produce the same 
vibration pattern. Furthermore, the users will evaluate the 
haptic interaction regarding the efficiency and the 
satisfaction of the user interaction with the smart phone, 
while the effectiveness will be extracted according to their 
answers.  

 

 

Figure 1. Screen shot of mobile application 

The patterns are based on two separate types of vibration. 
The first one alternates the vibration and idle time of the 
motors, while in the second one the vibration and idle time is 
the same for every color, but the number of repetitions 
changes. By implementing different scenarios regarding 
these two methods on the mobile application, blindfolded 
candidates indicate which one seems the most 
comprehensive for them. 

A. Scenario 1 

This scenario focuses on the amount of vibration time. 
For each color, the vibration time is always different, while 
the idle time, between vibrations, remains the same. Starting 
from 100 ms of vibration time, for the color with the lesser 
vibration time, the increment for each other color has a step 
of 100 ms. So, the longest vibration time reaches 700 ms, as 
the different patterns for the displayed colors on the screen 
are seven. The idle time, before the vibration motors activate 
again, is 100 ms. This pattern will be repeated, as long as the 
user touches the colored rectangle.     

B. Scenario 2 

This is an opposite scenario to the previous one. The 
amount of idle time is the one that alters for different colors. 
For each color, the vibration time remains the same, while 
the idle time between vibrations changes. Starting from 100 
ms of inactivity, between vibrations, for the color with the 
lesser idle time, the increase of time for each other color has 
a step of 100 ms. So, the longest idle time is 700 ms, as the 
different patterns for the displayed colors on the screen are 
seven. For each color, the vibration time is always 100 ms. 
This pattern will be repeated, as long as the user touches the 
colored rectangle.     

C. Scenario 3 

In scenario 3 both the vibration and idle time changes for 
different colors, with the same value. The shortest pattern 
consists of both 100 ms of vibration and idle time. A step of 
100 ms increase of time applies to both values. As the 
different patterns of the mobile application are seven, the 
color with the longest pattern will have vibration and idle 
values of 700 ms. As long as the user touches the appropriate 
spot on the screen the pattern will be repeated. 

D. Scenario 4 

Like in the abovementioned scenario none of the 
vibration and idle values remains constant as the user 
touches different colors on the screen. What differs is the 
step in which the values increase. The shortest pattern 
consists of 100 ms of vibration and 10 ms of idle time. A 
step of 100 ms increase of time applies to vibration values 
and 10 ms for the idle time. As the different patterns of the 
mobile application are seven, the color with the longest 
pattern will have vibrations for maximum 700 ms and 
inactivity of 70 ms. Similar with the previous scenarios, as 
long as the user touches the appropriate spot on the screen 
the pattern will be repeated 



E. Scenario 5 

The main difference of this scenario among the others is 
that the pattern will be repeated for a fixed period of time, 
whether the user keeps pressing the touch screen. For every 
color, the vibration and idle time is always the same. So, 
user’s aim is not to count how long a vibration or inactivity 
lasts, but how many times each pattern is repeated. The 
selected value for vibration and idle time is 100 ms. The 
shortest pattern repeats itself 2 times and the step of repeats 
increases by 2. Thus; for seven different vibration patterns 
the longest pattern will be repeated 14 times.  

IV. EXPERIMENTAL RESULTS 

For the performance evaluation of the five scenarios of 
Section III, the User Experience (UX) of the smart phone 
users was taken into consideration. The User Experience is 
measured as the effectiveness, the efficiency and the 
satisfaction of the user interaction with the smart phone. 

The Mean Opinion Score (MOS) metric was used to 
evaluate these three subcategories of the User Experience. 
MOS measures the quality of experience of the user when 
he/she uses the vibration patterns described in Section III. 
The test users were 20 postgraduate and undergraduate 
students at the age between 18 and 40. They were ten males 
and ten females. The users used their personal smart phone 
for the tests. Before the test, they were explained of the 
vibration patterns, and they were given 5 minutes to explore 
and get familiar with the mobile application. 

The test users were asked to interact with their smart 
phone and detect the two rectangles that have the same 
vibration pattern, while having their eyes closed. After the 
test, they were asked three questions regarding the efficiency 
and the satisfaction of the tactile interaction with the smart 
phone. The questions were: 

 
i) How convenient was their experience (satisfaction) and 
ii) If it was easy for them to complete the task (efficiency).  

 
The Absolute Category Rating (ACR) [13] scale was 

used to evaluate the above questions. The available answers 
were Bad, Poor, Fair, Good and Excellent which correspond 
to values from 1 to 5. Value 1 corresponds to the lowest 
perceived quality, while value 5 corresponds to the highest 
perceived quality, as described in Table 1. 

 
TABLE I. SCALING POINTS FOR EVALUATION OF EFFECTIVENESS, 

EFFICIENCY AND SATISFACTION 
Rating Value 

5 Excellent 

4 Good 

3 Fair 

2 Poor 

1 Bad 

 
The Mean Opinion Score from the User Experience 

evaluation of the five vibration patterns is depicted in Table 
2.  

 
 

TABLE II. USER EXPERIENCE SCORE FROM THE FIVE VIBRATION 

PATTERNS 
User 

Experience 

Scenario 

1 

Scenario 

2 

Scenario 

3 

Scenario 

4 

Scenario 

5 

Efficiency 4.1 3.9 3.6 3.1 4.3 

Satisfaction 4.4 4.2 3.8 3.4 4 

 
Τhe success rate of finding the rectangles with the same 

vibration pattern is depicted in Table 3.  
 

TABLE III. EFFECTIVENESS-THE SUCCESS RATE OF FINDING THE 

RECTANGLES WITH THE SAME VIBRATION PATTERN 
Effectiveness Scenario 

1 

Scenario 

2 

Scenario 

3 

Scenario 

4 

Scenario 

5 

Success Rate % 80 70 40 50 90 

 
Regarding scenario 1, most of the users revealed that it 

was the most satisfactory for them to distinguish the 
difference between adjoining rectangles. Nevertheless, the 
longer the vibration duration was, the more inconvenient the 
vibration pattern was. When the vibration duration was 
longer than 300 ms, the vibration pattern was becoming quite 
annoying. 

As far as scenario 2 is concerned, most users revealed 
that this scenario is less satisfactory than scenario 1. They 
preferred short vibrations with longer idle time than short 
idle time with longer vibrations. The vibration time of 100 
ms was quite efficient. Moreover, with 100 ms duration time 
and 100 ms idle time the users felt nervousness as they felt 
like an alarm ringing. For an idle time longer than 500 ms 
the users felt boring.  

In scenario 3, the users reported that it was very difficult 
for them to distinguish the difference comparing to scenarios 
1 and 2, as both vibration time and idle time was changing 
simultaneously. Regarding the duration of vibration time and 
the idle time again the users reported that they should both 
kept under 300 ms. 

About scenario 4, the users stated that is the less 
convenient than all other scenarios. This is because of the 
shortest period of each pattern due to the smaller step value 
of the idle time. The acceptable vibration time was 400 ms 
with 40 ms idle time.  

Scenario 5 was quite convenient, especially when the 
repeating pulses were quite few. The users felt convenient to 
count up to 6 pulses. Above that, it was quite confusing as 
they often lose count.  

According to Table 2, scenario 5 is the most efficient to 
use. Scenario 1 seems to be the most satisfying to use. The 
least efficient scenario was 4 while not satisfying the largest 
portion of users both in its efficiency and satisfaction. The 
effectiveness of Table 3 is almost identical to the efficiency 
of Table 2. Scenario 5 is most effective, following closely by 
scenario 1. Scenario 3 shows the worst performance. 
Comparing scenario 5 with scenario 1, it could be said that 
scenario 5 is more effective but scenario 1 is more easy to 
use.  

V. CONCLUSIONS 

This paper explored how visually impaired people can 
take advantage of vibro-tactile interaction in order to 



distinguish colors, objects or specific areas inside an image 
or video displayed on the touch screen. This paper proposed 
five distinctive vibration scenarios for increasing the tactile 
interaction between visually impaired people and smart 
phones. All of the vibration methods use the HTML5 and the 
Vibration API, in order to transform the touch of the smart 
phone user on the touch screen to vibration feedback. An 
image with eight different colors was displayed on smart 
phone’s screen, where different vibration patterns were 
proposed and assigned to each of the colors. The user 
experience evaluation tests revealed that the vibration time 
should be shorter than 300 ms and the idle time should be 
shorter than 400 ms. The period time for the vibration pattern 
should be shorter than 600 ms.  

For future work, some modifications to the vibration 
pattern algorithms could be implemented, taking into 
consideration the time duration that the users feel satisfied. 
Furthermore, vibration patterns may be used on objects of an 
image that is displayed on the touch screen of a smart phone.    
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