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Abstract- Virtual Reality applications for blind people in Smartphones need to include a set of interfaces which allow the 
users to use their other sensorial abilities to understand the information about the environment. Some strategies were 
designed to allow a blind person get accurate and clear information to complete exploration tasks and taking a walk inside 
a virtual environment generated from a real environment. Nineteen blind and five visual impaired people took part in the 
development and testing of the applications during eighteen months, split into five workshops. The developed applications 
took logs about the path walked by the avatar, the objects and structures, the distance to objects and the time, during the 
last workshop. This information is stored in a database to be analyzed. The applications were built with voice patterns, 
beeps, vibrations and gestures, and using three different ways of gathering information, called "Focuses of attention", 
which were fitted to the preferences of the majority of participants. 
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I. INTRODUCTION 
 
The population of this planet is around 7400 million 
people, 285 millions of them are visually impaired, a 28% 
is people of working age, 39 million are blind, whose main 
group is people aged above 50 [1]. Furthermore, there are 
7100 million owners of smartphones and the 39% of the 
population have internet access, with Europe being the 
most connected. Given the evolution and the technological 
standards progress, a smartphone is clearly one of the most 
useful thing when going outside, thanks to some services 
and features which make it essential [2]. It is possible to 
leverage the inertial sensors of the smartphone and 
wireless networks to develope applications with virtual 
places which allow blind people to perceive the 
surrounding world by using their other sensorial abilities. 
 
The Operative Systems which lead the global market are 
Android and iOS (wwww.netmarketshare.com); Unity3D, 
as multiplatform game development environment 
(http://madewith.unity.com/) , makes it possible to 
develope smartphone applications with a high feature of 
Vibro-tactile-audible(V&T&A) help for blind people, and 
high contrast displaying distance between objects for 
visual impaired people. The systems which use Braille are 
getting less used by blind people [3], because of the 
development of new tools with improved interfaces that 
seize their other senses and fit better to their needs 
[4][5][6][7][8][9]. 
 
II. REQUIREMENTS 
 
Virtual Reality (VR) applications in smartphones for blind 
people must allow the walking and exploration of indoor 
environments in a virtual way, informing immediately 
about the place and interesting entities or by using 
gestures over the smartphone screen. The sound is very 

important to develop the sense of orientation and spatial 
distance [10] and tools with auditory and haptic feedback 
allow the blind users to interact with different virtual 
structures and objects [11]. This is why this process of 
development of virtual reality for blind people is based on 
sound, gestures and vibration. 
A. Information Model 
The figure 1 shows the basic relationships between the 
objects, the avatar and the tools to give information to the 
user. 

 
Fig.  1. Information Model for development. 

 
The Safety Zones (SZ) are built as physical objects which 
move and rotate with the user, their purpose is to alert the 
user to the presence of objects when walking around the 
virtual place. 
The Focus of Attention (FoA) moves with the user, it 
makes a way of watching objects from a distance to store 

http://iraj.in
mailto:nancy.guerron@ctb.upm.es,
mailto:josejavier.serrano@ctb.upm.es,
mailto:carlos.martin.lucendo@gmail.com,
mailto:antonio.cobo@ctb.upm.es,
mailto:rodolfo.maestre@ctb.upm.es
http://wwww.netmarketshare.com);
http://madewith.unity.com/)


International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-5, Issue-6, Jun-2017 
http://iraj.in 

 Methodology for The Development of Virtual Reality Applications for Blind People 
 

29 

and sort them by distance for the user to get a description 
about them when they require it.The Activities which the 
user can perform are: exploration, walking/stopping.The 
Notification is managed by scripts through installed 
objects in the scene. They allow the beep patterns 
playback, activation/deactivation of vibrating signals and 
audio, depending on the detection of objects and 
interesting situations during the experience.Avatar 
represents the blind person inside the application; the 
avatar´s orientation and movement direction are obtained 
by the smartphone´s inertial sensors.Item is each object 
and structural component in the environment. They can be 
grouped by common features, or be separated when the 
user is near. 
 
B. Interaction Model 
The interaction model makes it possible for the user to 
perceive and understand the components in the virtual 
environment and activate the physical interfaces 
established in this research, which can be seen in the table 
1. 

TABLE I 
User-System interaction model 

 
 
Exploration mode: Gives information about the structure of 
the environment and the objects inside it. The Smartphone 
works as a long-range white cane which changes its 
position and orientation depending on the position and 
orientation of the user, who makes gestures on the screen 
to activate information options.Walking mode: Enables the 
vibration of the Smartphone with a specific pattern when 
the avatar walks in the virtual place. The collision points 
between the objects and the safety zones establish the 
information which must be given to the user.Stopping 
mode: If a high, medium or low object gets into the front 
Safety Zone, the beeps warn about the presence of it. If the 
object is a meter away from the avatar, this mode is 
activated automatically: the avatar stops, the auditory 
warning keeps when an object is near, and there is a 
change in the frequency depending on the object´s features 
and the distance to the avatar. 
 
C. Workshop I 
Fifteen blind and visually impaired people (table 2), were 
recruited through ONCE foundation and through word of 
mouth, for the initial diagnosis and the working agreement 
with the research group. 

TABLE II 
Participants in first workshop 

 
It is planned to build a first application based on audio and 
gestures, taking into account the participants  ́interests and 
technical skills. 
 
D. Workshop II 
Four blind and visually impaired participants (average age 
41, SD= 16.5) take part in the validation of the first VR 
application. A post-test questionnaire is defined, where 
parameters of performance, usability and user´s 
satisfaction are evaluated. The application includes three 
SZ with a height of 1, 2 and 3 meters (figure 2). There are 
used scale models of the room and the objects to get 
information about the cognitive map built by the 
participants. 
 

 
Fig. 2. SZ developed for the first application 

 
The walking and exploration modes are integrated in a 
single VR application. The vibration means that the avatar 
is walking, and the variation of the vibration pattern 
informs the user about the distance to the object; 
nevertheless, the users were not sure if the avatar was 
walking because when the SZ collided with the objects, 
the smartphone keeped on vibrating, but the avatar did not 
stop. The FoA was a 1 meter diameter sphere, had two 
degrees of freedom (up-down, right-left) which allowed 
detecting objects and structures, with some difficulties in 
the corners. The users suggested numbering the walls and 
adding beeps when the avatar was near to an object. 
 
E. Workshop III 
Five participants (average age 40, SD=14.4), took part in 
the testing of the second RV application. The application 
had two front SZ with a distance of 1 and 2 meters. The 
user can choose walking or exploring in the same 
application. To give information about the type of object 
which gets into the SZ, High, medium and low frequency 
beep patterns are created to replace the varying vibration 
used in the Workshop II. Since this workshop, the 
vibration, which has only one pattern, mean the user that 
the avatar is walking in the virtual environment. The 
participants continue colliding with the objects yet, 
because there is no chance to stop as an action included in 
the application. So, for the next application, it was decided 
to develop an option which allows the avatar to stop, then 
explore and finally keep on walking by the path where 
there are not any objects. The users suggest that the 
application informs about the objects which are on their 
right or on their left, to be able to rotate when there are no 
objects, so, for the next application, there would be 
developed the side Safety Zones. 
Two applications were developed, one was without 
objects, to recognize structures in a room, and the other 
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was with objects. Both applications used FoA and 
input/output interfaces. To test the application, there was 
used a scale model of the room to put the objects in them, 
and a post-test questionnaire is used to determine usability 
criteria and the users  ́level of satisfaction. 
F. Workshop IV 
Three blind and visually impaired women (average age 42, 
SD=8.1) participated in the validation of the third 
application where side SZ´s and a flat FoA (figure 3) were 
added. The gestures to walk and stop were included in the 
same application. Moreover, there were evaluated twenty 
vibration patterns, thirty-six beep patterns, ten gesture 
patterns and 25 voice patterns to select three patterns of 
each one to use them in the next application. It is decided 
to separate the exploration mode and the walking mode in 
two applications for the final validation with all 
participants. 

 
Fig.  3. SZ developed for the third application 

 
G. Workshop V 
Twelve blind people joined to the testing group, totaling 
twenty blind participants (11 men, 9 women, average age 
52.2, SD=14.1) to carry out twelve individual experiences. 
A Web server TS140 (Apache, MySQL, PhpMyAdmin) 
with client-server architecture handles the registration and 
labelling of users and the database where the registrations 
of each experience are downloaded from. The smartphones 
BQ Aquaris E5, SAMSUNG Galaxy S4 and S5, with 
Android OS 4.4.4 and 5.0, are used to test the developed 
applications (figure 4). The data about the path are sent to 
an email address and then they are stored in the SQL 
Server. The development environment for the smartphone 
applications is Unity 3D version 5.3.2 
(https://store.unity.com/es) which provides native support 
for mobile platforms like Android and iOS. The 
applications have lateral safety zones and 2 front safety 
zones at 1m and 1.5m. 
 
1) Scale models: There were built 24 cardboard scale 
models (57cm x 32cm) of the structure and 36 scale 
models of the object for two working teams. Each 
participant had to identify the scale model of the virtually 
visited place and put the scale models of the correct 
objects in this, after having made the virtual visit. 

 
Fig.  4. Technology implemented in the Workshop V 

2) Real Environments: There were used three rectangular 
places in a building that is owned by the Technical 
University of Madrid. Each one has the same measure:  
10mx6mx3m, where six objects are located in different 
positions and orientations, totaling 18 actual size objects 
taken from the building or made with cardboard, wood and 
plastic. 
 
3) Number of experiences: Twelve experiences per user 
were defined, making a total of 81 configurations, which 
make it possible to test three cognitive interfaces and ten 
sensitive interfaces; taking into account that not every 
sensitive case can be applied to every cognitive case. Every 
configuration is labeled with a sensitive interface number 
(s1-s10), one or two letters for the cognitive interface 
(sFoA - spherical FoA; fFoA – flat FoA; noFoA – without 
FoA), three letters for the kind of place (ofi-Office, hab-
Room, bar-Bar). Finally, the last letter refers to the 
position of the objects in the scene (r-Red; b-Black; y-
Yellow). There is an example of an application in the 
Table 3. 

TABLE III 
Configuration in one application 

 
a) Sensitive interfaces: 
 
Beep patterns: used to alert the user about obstacles. The 
wave frequency is used to make a difference between the 
low, middle or high obstacles, and the combination of 
pulse duration and separation between waves make the 
user to know the distance to the obstacle. These patterns 
(S1, S2, and S3) are shown in the table 4. 

TABLE IV 
Sensitive beep interface 

 
Voice patterns: used to inform the user about the distance 
and the relative position to the object, the structures, and 
the way to give a feedback when the user activates or 
deactivates the exploration or walking mode. The voice 
patterns (S4, S5, and S6) are specified in the table 5. 

TABLE V 
Sensitive voice interface 
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Gesture patterns: determine the better way the user 
interacts with the system, touching the screen of the 
smartphone. They are used to activate/deactivate the 
exploration or walking mode, as well as identifying 
structures or objects which are nearer or closer in front of 
the user. These patterns are detailed in the table 6. 

TABLE VI 
Sensitive Gesture Interface 

 
b) Cognitive Interfaces: 
Flat FoA: Consists on a rectangular prism which has the 
measures of the avatar and moves 30 meters in the 
horizontal direction (only X and Z coordinates) the person 
is looking at, and gets the name and the distance to the 
person of every object it collides with. In this mode, the SZ 
are not included, and the avatar is always in the same 
position. 
Sphere FoA: Is based on a one-meter-diameter sphere 
which moves from the head of the avatar through the 
vector that represents the direction (X, Y and Z 
coordinates) the person is looking at. Just as the previous 
mode, the sphere collides with the objects in that direction 
and obtains the name and the distance. The SZ do not exist 
in this cognitive interface. The avatar does not move in the 
environment, so the user always explores from the same 
position. No FoA: The FoA does not exist in this case. The 
user has to explore the virtual environment only with the 
walking mode and using the information given by the SZ. 
 
RESULTS AND CONCLUSION 
 
During five workshops, there were developed and tested 
VR applications adapted to the necessities of the majority 
of participants. It was used a test based on the Likert scale 
to know the acceptance level of the application regarding 
usability and level of satisfaction (5 highest).In the 
Workshop I, the participants gave some information to 
start the development of the first VR application. All the 
participants had knowledge and experience in using a 
smartphone and most were used to iOS. One participant 
appeared to show deafness features.In the Workshop II, the 
participants used the application and graded the tool for 
each input/output interface. The final average rate was 
4.25/5 in usability and 3/5 in level of satisfaction (figure 
5). The achieved results and suggestions from the 
participants were used to make some modifications in the 
design of the following application. 
 

 
Fig.  5. Workshop II results. 

 
In the Workshop III, the activation and deactivation of the 
modes with gestures were reinforced with sounds. The 
structure recognizing is evaluated separately in the 
environment without objects, producing a 83.5% success. 
After this evaluation, the participants used an application 
with the objects inside the structure, and they did three 
tasks which consisted on going to different positions in the 
VR environment with a 94.4% success, but being 
sometimes guided by the researchers. In addition, there 
was a 100% success in the objects recognizing and 
location of them inside the scale model of the 
environment. 

 
Fig.  6. Workshop III results 

 
In the Workshop IV, the flat FoA and the use of side SZ 
during the exploration and the walking mode are 
evaluated. It had 100% success in the tasks of location and 
object recognition. Furthermore, the number of sensitive 
interfaces was limited regarding the participants  ́
preferences. Tables 7 to 10 and figure 9, show the patterns 
results. 

TABLE VII: Vibration Patterns Selected 

 
 

TABLE VIII: Beep Patterns Selected 
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TABLE IX:Voice Patterns Selected 

 
TABLE X: Gesture Patterns Selected 

 
The results show that people with total blindness prefer 
more detailed explanations about the objects to get some 
idea on their position in the environment and the auditory 
feedback is important when a gesture is made on the 
screen. It is determined the need of combining the 
designed patterns to create new experiences.  The logs 
show that the side SZ and the flat FoA have been very well 
accepted by the participants. 

 
Fig.  7. Workshop IV results 

 
In the Workshop V, some metrics were defined to test 
separately three FoA (flat FoA, sphere FoA, no FoA) and 
ten sensitive interfaces (s1-s10), totaling twelve 
experiences per user, where it could be determined 
that:The kind of FoA for blind users which better allowed 
the users to create a cognitive map of the virtual place was 
the flat FoA.The voice feedback must continually be used, 
when the user touches the screen, to reinforce the result of 
the user´s intent, or when there are objects or structures 

near to the SZ, for the user to be able to change the 
orientation, avoiding possible collisions; but at the same 
time, the voice feedback must be limited in order to not 
give too many information during the experience.More 
than a 70% of the blind users are capable of recognizing 
high-speed voices, what makes it possible to give more 
auditory information during the experience.Less than a 
33% of the participants are satisfied with the beep 
persistence when an object is in their SZ. Nevertheless, 
their opinion is that it is very useful when avoiding 
colliding with high, medium or low objects.All the 
participants used the planned gestures for the experience 
with no difficulties, but the time efficiency was better 
when using a simple touch. 
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