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Abstract 
The application presented in this paper aims at 

producing a novel user-friendly haptic environment to 
allow blind or visually impaired people to access 
interactive presentations based on HTML web pages. 
The application is based on haptic and audio feedback. 
Additionally, an automatic HTML-to-haptics conversion 
tool is developed in order provide a simple way to create 
interactive haptic presentations and a text to speech tool 
is used in order to create audio descriptions for the web 
pages. The environment has been evaluated using three 
presentations that were associated to computer access 
and useage. According to the users feedback the 
application was characterized as very useful. 

1 Introduction 
In recent years there has been a growing interest in 

developing force feedback interfaces that allow blind 
and visually impaired users to access not only two-
dimensional graphic information, but also information 
presented in 3D virtual reality environments (VEs) [1]. 
It is anticipated that the latter will be the most widely 
accepted, natural form of information interchange in the 
near future [2]. 

The greatest potential benefits from virtual 
environments can be found in applications concerning 
areas such as education, training, and communication of 
general ideas and concepts [3]. The technical trade-offs 
and limitations of the currently developed virtual reality 
(VR) systems are related to the visual complexity of a 
virtual environment and its degree of interactivity [4], 
[5]. Hitherto, several research projects have been 
conducted to assist blind and visually impaired users to 
understand shapes of 3D objects, scientific data and 
mathematical functions, by using force feedback devices 
[6-10]. 

Steven Landua and Lesley Wells presented in [11] a 
talking tactile tablet, which combines tactile input with 
relevant and immediate audio data. The proposed 
interface improves speed and ease of learning and 
reinforces learning through dual modalities (haptics and 
audio). 

In [12], recognition of geometrical and general 
VRML objects is examined. Furthermore, tests about 
understanding mathematical surfaces and navigation are 
examined. The outcomes of these tests show that blind 

users are able to handle also quite complex objects and 
environments, and that realistic virtual environments in 
some cases appear easier to handle than more abstract 
test environments.  

Three designs of a scrolling function in VE are 
examined in [13]. The user can press the sides of a 
world-limiting box and the world moves so that objects, 
behind the wall being pressed to, move into the limiting 
box. The user may also press the keyboard arrow keys 
in order to move the world in the direction of the key, or 
use the PHANToM™ stylus button, and drag the world 
along the horizontal plane.  

Computer games for blind users have been designed 
in [14]. A two-finger haptic interface is used in GRAB 
HAVE (Haptic Audio Visual Environment). A haptic 
geometric modeler enables people to locate and interact 
with 3D computer-generated objects through touch and 
audio. A web based haptic tool that enables access to 
line graphs, bar charts and pie charts is introduced in 
[15].  

In this paper, am interactive presentation 
environment for the blind and the visually impaired is 
proposed. The application aims in developing a haptic 
user interface for studying interactive presentations. The 
users can move a cursor in the 3D virtual environment, 
using PHANToM™, select objects and receive haptic 
and audio feedback. An automated conversion tool for 
HTML pages to the structure used by the haptic 
presentation tool is developed and a text-to-speech 
synthesis system is employed in order to provide to the 
user a complete interface to access HTML web pages 
associated to computer access and usage. 

The paper is organized as follows. Section 2 presents 
the system architecture, while in Section 3 the hardware 
setup is described. Section 4 presents the HTML 
conversion tool and Section 5 the haptic presentation 
tool and the procedure followed to convert text to 
speech. An initial evaluation of the system is presented 
in Section 6. Experimental results are presented in 
Section 7 and finally, conclusions are drawn in Section 
8. 

2 System architecture 
The application consists of three main components:  

a) the HTML to haptics converter, b) the text to speech 
tool and c) the haptic presentation tool  (Figure 1).  
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Figure 1. System architecture. 

 
The HTML-to haptics converter receives as input 

any valid HTML webpage and converts it to XHTML. 
The XHTML page is further processed and filtered so 
that selected tags and unnecessary data are removed. 
The results finally are stored in an XML file, which is 
then used by the haptic presentation tool.  

The haptic presentation tool reads the XML file and 
creates dynamically a haptic environment to represent 
the original HTML webpage. The presentation 
environment invokes the text-to-speech tool in order to 
convert the text document to voice. The audio results are 
then used by the presentation tool, whenever the users 
request to hear a description. 

The fact that the haptic presentation tool actually 
reads the XML files and not directly HTML code,  
enables an expert user to create or modify existing  
presentations for the tool, that might be more useful 
especially for training applications. 

3 Hardware setup   
The hardware prototype consists of the 

PHANToM™ device, a powerful workstation with 
specialized 3D graphics acceleration, conventional input 
devices (primarily mouse and keyboard) and speakers 
(Figure 2).  

 

  
Figure 2. Test setup. 

 
In order to process the 3D cursor position (that 

corresponds to the finger position in the virtual 
environment) and provide force feedback the 
PHANToM™ Desktop device is used [16].  The 
workspace of the device is limited to a 160 W x 120 H x 
120 D mm box. It has nominal position resolution of 
0.023mm and maximum continuous exertable force for 
a 24hour period equal to 1.75N. The user handles the 
PHANToM stylus like pencil in order to control the 3D 
cursor. The user can also perform special actions using a 
button the resides on the PHANToM stylus. 

4 The HTML-to-haptic converter 
The conversion of an HTML page into a well-

defined format for the proposed haptic tool is an 
essential requirement of the system. A mechanism to 
distinguish the presentation tags from the real and useful 
information is a prerequisite for the proper functionality 
of the application. 

XHTML is a widespread format that corrects the 
weaknesses of the plain HTML and transforms pages 
into machine-readable documents. XHTML actually is a 
stricter and cleaner version of the HTML format is also 
XML-based. This means that it could be read by all 
XML parsers available in the market. 

In order to convert any HTML page into XTHML, 
the proposed system uses the HTML Tidy Library [17] 
through the Tidy PHP module. The library filters the 
HTML pages and produces standard documents fully 
compatible to XTHML. 

After conversion, the next step is to remove any 
undesirable and unsupported tags (like the <meta> tag) 
and also to extract only the valuable information from 
other tags (like the “alt” property of an image <img> 
tag). The extraction of these tags is implemented by 
applying the appropriate regular expressions to the 
produced XTHML file. For example, in order to get the 
title of the page, the expression /<title>(.*)<\/title>/ is 
used. Furthermore, by applying more complex 
expressions (like the @href="([^"]+)"[^>]*>(.+)</a>@ 
that extracts all the references and their text if any) 



every possible information can be gathered in order to 
be used by the presentation environment tool. 

Although the aforementioned mechanism works 
satisfactory, this does not mean that it would be 
semantically correct as well. In order to produce 
semantically correct results the HTML pages have to 
follow the Web Accessibility Initiative (WAI) [18] 
rules.   

In the current version of the conversion tool and in 
order to convert HTML files to a haptic presentation 
file, the original files must be single frame files, its 
images used must have alternative text property and the 
presentation bullets should be lists or nested lists in the 
HTML format. 

5 Haptic Presentation Tool 
In this section the end-user interface of the haptic 

presentation tool and the procedure followed to create 
objects in the virtual scene will be described, in detail. 

5.1.User interface 
The application described in this paper aims at 

producing a user-friendly haptic environment to allow 
blind users access HTML pages. The user can handle a 
3D-cursor using the PHANTOM™ Desktop device and 
select objects using the button that resides on the 
PHANTOM™ stylus. The user is allowed to move the 
3D cursor in the workspace defined by a bounding box 
handling the stylus of the PHANToM™ like a pen. 

A page in the haptic presentation tool is a collection 
of objects placed inside the bounding box. Each HTML 
webpage, including its links, may lead to the creation of 
various Haptic pages. Objects that complement a page 
of the presentation tool are drawn inside this area. In 
order to fulfill the presentation needs, three different 
types of object are defined:  

• the inactive objects, 

• the active objects and  

• the links or buttons.  

Collision detection is performed between the cursor 
and objects (of any kind) and between the cursor and the 
sides of the bounding box. Figure 3 presents the 
structure of the presentations, as processed by the haptic 
presentation environment. 

When the cursor collides to an object or a part of the 
bounding box, force feedback is returned to the user. 
Thus, users are not allowed to penetrate any of the 
objects in the scene, or move the cursor outside the 
bounding box that defines the working area. In order to 
make the interface more comfortable for the user, all the 
objects are placed on the side of the bounding box that 
faces the user (Figure 4). That way, the user has to 
search with the cursor only one side of the box and not 
all the 3D workspace. 
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Figure 3. Presentation structure. 

 
Inactive objects do not perform any kind of action 

when the 3D cursor collides on them. The purpose for 
using inactive object is to help the user find active 
objects in the page. Inactive objects are not necessary in 
order to study a presentation and they are not included 
in the XML files created by the HTML conversion tool. 
In order to add inactive objects to a presentation manual 
post processing of the XML files is necessary.  

Active objects have two main characteristics: i) 
when the cursor contacts an active object it declaims a 
short description of what it represents and ii) when the 
user presses the stylus button, while the 3D cursor 
resides on the object, it declaims a detailed description 
of itself. 

 Link objects have also the characteristic (i) of active 
objects. Another characteristic of link objects is that 
when the user presses the button on the stylus, while the 
cursor resides on a link object, it declaims a detailed 
description of itself followed by a short description of 
changes that will happen in the workspace of the 
presentation environment and finally changes the 
objects that exist in the current page with new objects 
necessary to present the selected page. 

In order to allow the user to study the presentation, 
bi-directionally, every page contains a link object called 
“back”. The user can return to the previously viewed 
page by clicking on that object. The “back” object is 
always placed on the left bottom corner of the bounding 
box so that the users can easily access it. When the user 
is on the initial page of a presentation the object is 
deactivated. 

5.2. Haptic pages creation procedure 
As already mentioned the presentation structure is 

stored in XML format. Description and documents are 
converted to audio files so that each object in the 3D 
scene has a description.  



 
Figure 4. Original HTML presentation page and 

corresponding application page. 
 
The conversion process in order to provide the 

haptic presentation pages to the user is the sequel. An 
initialization haptic page is created with one active 
button which links to the first page of the presentation. 
The title of the first page is used as the short description 
of the button and the plain text (without any bullets) of 
the page as the detailed description. If there is no plain 
text in the page, the detailed description is the same as 
the short description. Any links in original HTML file 
are presented as separate link objects in the 3D 
presentation scene (Figure 4,5).  

If the presentation page contains lists, each element 
of the list is converted to an active object. The first order 
elements are converted to active objects and subsequent 
bullets are connected to these using inactive objects. 
Each element that contains a link is converted to a link 
object. Images are converted to active objects and use 
the alternative image text for the short and detailed 
descriptions. 

 

 
Figure 5. Original HTML page of WAI and 

corresponding application pages. 
The conversion stops when there are no more links 

to convert or when there are links to files on the web. 
The active and link objects created from the automated 



process are box shaped. Users of the conversion utility 
may change the shapes by editing the XML presentation 
file. 

5.3.Text to speech tool 
In order to create the audio files the MBROLLA 

speech synthesizer tool [19] is used. The Multi-band 
Resynthesis Pitch Synchronous Overlap Add 
(MBROLA) algorithm is an improved version of the 
Time Domain-Pitch Synchronous Overlap (TD-PSOLA) 
technique. MBROLA is a speech synthesizer based on 
the concatenation of diphones. It takes a list of 
phonemes as input, together with prosodic information 
(duration of phonemes and a piecewise linear 
description of pitch), and produces speech samples on 
16 bits (linear), at the sampling frequency of the 
diphone database used.  

6 System Evaluation 
Three different presentations were created in order to 

evaluate the application. The first presentation is about 
the default structure of the folders of the Windows® 
2000 operating system. The second describes the most 
common local network topologies (star, ring and bus 
topologies) and provides simple examples for each of 
them. The last presentation describes the basic 
components of a relational database such as tables, 
relations and provides information about user privilege 
management.  

The first presentation allows understanding whether 
the users can perceive tree structure information. The 
network topologies presentation allows understanding 
whether the users can understand connection between 
objects of the same level. Finally, the database 
presentation allows understanding whether the users can 
perceive combinations of connections and tree 
structures. 

Twelve blind and visually impaired users 
participated in the evaluation tests of the application 
(Figure 6). The users ages ranged from 20 to 34 years 
old. Ten of the users were male and two female, eight 
were blind and four visually impaired, eight were 
students, three unemployed and one employed. Also 
seven of the users were blind from birth and five of 
them acquired the impairment at a latter age. Six of the 
users have heard about haptic devices before 
participating in the evaluation and two of them have 
used a haptic device (a haptic laser cane) in the past. 
None of the participants had used the PHANToM™ 
device in the past. All the participants were members of 
the Pan-Hellenic Blind Association (the major blind 
association in Greece), had attended seminars on 
computer usage and were familiar to conventional 
computer interfaces for blind users. 

The evaluation procedure consisted of three major 
steps: In the first step, the users were introduced to the 
system. The introductory training took approximately 
ten minutes per user. The majority of the users had no 
particular problems when interacting with the haptic 

presentation system. The motivation for this pre-test was 
to introduce the users to a technology completely 
unknown to them, while ensuring that they feel 
comfortable with the device and the environment of the 
laboratory. 

 
Figure 6. A user testing the presentation environment. 

In the second step, the users were asked to use the 
application. The evaluation tests took approximately one 
hour per user, including pauses between the 
presentations.  

The purpose of the evaluation was not to test the 
reaction of a user to a haptic system. Rather, the idea 
was to try to obtain information about the use of such a 
system by a user who is somewhat familiar with the use 
of haptics. During the test procedure the test leader was 
monitoring the performance of the users and asked them 
questions in order to find out whether the users 
understand the presented structures. 

In the final step, all the users were interviewed. Each 
user had to complete an after test questionnaire. The 
after test questionnaire consisted of two parts: 

• The first part included information about the users 
like age, previous experience of using haptic 
interfaces and their expectations from the 
technology.  

• The second part of the questionnaire was about the 
ease of use of the specific interface and the interest 
that the users show for such applications. 

7 Experimental Results 
The experimental results were obtained combining 

the user’s comments during the evaluation period and 
the after test questionnaires. It is important to note that 
all users have characterized the application as useful or 
very useful. All users have managed to handle the 
device, visited all the sections of the presentations and 
understood the relations of the presented structures or 
setups. Two of the users (~16%) could not find objects 
in the scene easily and one of them (~8%) needed help 
in order to view the presentations completely.  

Although the number of users is not very high in 
order to identify groups of users that behave differently, 
a first approach was attempted.  The ANOVA [20] 
method was used to compare the performance of 
different groups of users. Two different pairs of groups 
were identified, according to issues such as blindness 
and visually impairness and blindness from birth or at a 



latter age. Since all users managed to view the contents 
of the presentations successfully, the performance was 
compared according to the usability difficulty level 
where each user has classified the application. The 
critical value for the parameter Fcritical of the ANOVA 
method was calculated to be equal to 4.96 (assuming 
probability equal to 0.05 and degrees of freedom 
between and within groups equal to 1 and 10 
respectively). 

Visually impaired users were expected to consider 
the navigation task easier than the blind users. This can 
be verified by the average difficulty level grades that 
users gave. All visually impaired users considered the 
task as very easy (grade 1). On the other hand, blind 
users considered the task in a scale between very easy to 
medium (grades between 1 and 3) resulting to an 
average value of 1.5. The null hypothesis is not 
confirmed by the ANOVA method, since the resulting 
value F1 equals to 1.67, which is lower than the Fcritical 
value. This result may lead to a conclusion that there is 
no significant difference between the two groups, or that 
the input data are not enough in order to reveal the 
difference. 

In general, results have shown that blind from birth 
users had similar performance to all other user 
categories. Blind from birth users had slightly increased 
difficulty in using the application. The average grade 
that they gave concerning the difficulty of navigation in 
the haptic presentation environment was 1.4. Users with 
acquired blindness rated the application at 1.2. This 
cannot be considered of high importance since the mean 
values are similar and according to ANOVA the 
calculated F2-value equals to 0.32, which is 
significantly lower than the Fcritical. 

8 Conclusions 
This paper presented an efficient haptic virtual 

reality environment developed for the training of the 
blind and the visually impaired. The proposed approach 
focused on the development of a highly interactive and 
extensible haptic virtual reality training system that 
allows blind and visually impaired user to study and 
interact with it. 

 Although the number of users that evaluated the 
application is small and cannot lead to safe conclusions 
about the usability of the application the fact that all 
users succeeded in using the application is very 
encouraging.  

Furthermore, the following conclusions can be 
drawn from the evaluation of the tests in terms of 
system usability: 

• All people tested had no problems with the system 
after an explanation of the technology and some 
exercises to practice the application.  

• The participants needed little or no guidance at all, 
i.e. the users had no difficulties to handle the 
software and the device. On the contrary, they 
enjoyed completing their tasks, showed a lot of 

commitment and were very enthusiastic about being 
able to have this experience. 

• All participants emphasized their demand to use 
these programs in the future.  

• All the users stated that they would like to 
participate in future tests. 

Concluding, the result has unanimously been that the 
application introduced was considered very promising 
and useful, whereas it still leaves a lot of room for 
improvement and supplement. Provided that further 
development is carried out, the system has the 
fundamental characteristics and capabilities to 
incorporate many requests of the users for a very large 
pool of applications. The approach chosen, fully 
describes the belief of blind people to facilitate and 
improve training practices, and to offer access to new 
employment opportunities. It represents an improvement 
of life for the blind and the visually impaired people 
when connected to reality training. These facts are 
evident from the participant’s statements. 

Besides the direct benefits of the proposed system, 
as many of the users mentioned, technology based on 
virtual environments can eventually provide new 
training and job opportunities to people with visual 
disabilities. 

The aim of the HTML-to-Haptics conversion tool 
and the haptic presentation environment is to support all 
valid WAI HTML pages. Currently only a few tags are 
supported and work is in progress to support all the 
valid HTML WAI documents. Conversion of non-WAI 
HTML documents might be possible but the results 
would not be guaranteed to be semantically correct. It is 
also possible to integrate the system with other 
modalities like speech recognition tools in order to 
allow the user to interact with the system in amore 
natural way. 
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