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Abstract. People with visual impairments face serious challenges while moving 
from one place to another. This is a difficult challenge that involves obstacle 
avoidance, staying on street walks, finding doors, knowing the current location 
and keeping on track through the desired course, until the destination is 
reached. While assistive technology has contributed to the improvement of the 
quality of life of people with disabilities, people with visual impairment still 
face enormous limitations in terms of their mobility. There is still an enormous 
lack of availability of information that can be used to assist them, as well as a 
lack of sufficient precision in terms of the estimation of the user’s location. This 
paper proposes an infrastructure to assist the estimation of the user’s location 
with high precision using Radio Frequency Identification, providing seamless 
availability of location based services for the blind, whether indoor or outdoor. 
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1 Introduction 

The task of moving from one place to another is a difficult challenge that involves 
obstacle avoidance, staying on street walks, finding doors, knowing the current loca-
tion and keeping on track through the desired path, until the destination is reached. 
While assistive technology has contributed to the improvement of the quality of life of 
people with disabilities, with major advances in recent years, people with visual im-
pairment still face enormous limitations in terms of their mobility. Most navigation 
systems are designed to be used by users without any major disability and are based 
on information systems which are mainly focused on road navigation (outdoor) and 
commercial and tourist destinations. 

In recent years, several approaches have been made to create systems that allow 
seamless tracking and navigation both in indoor and outdoor environments. However 
there is still an enormous lack of availability of information that can be used to assist 
the navigation of users with visual impairments (or other kinds of impairment), as 
well as a lack of sufficient precision in terms of the estimation of the user’s location. 
All these factors combined, maintain a situation of large disparity between the availa-
bility of such technology among users who suffer from physical limitations and those 
who do not suffer such limitations. 
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The Location Module is responsible for calculating the user’s current location 
based on the inputs given by GPS, Wi-Fi and RFID technologies. The Navigation 
module is responsible for using the current location to provide guiding instructions 
and geographic contextual information found in the GIS Module through the Interface 
Module. The Computer Vision Module performs object and obstacle recognition and 
also helps to keep the user in safe paths [7]. The Decision Module acts as a mediator 
and message forwarder between all these modules. 

In terms of the use of RFID technology to get the user location, the prototype uses 
an electronic white cane that senses tags on the floor placed on a topology that con-
sists of connected lines and clusters [8]. This set of connected lines and clusters com-
pose a network of safe paths and points of interest (Error! Reference source not 
found.). The software is able to run offline on a mobile device using a local represen-
tation of the data present in the Geographic Information System (GIS Module) [9], 
namely the tag identifiers, the corresponding geographic coordinates and the tag own-
ership (lines and clusters). 

 

 

Fig. 2. Line/Cluster topology 

The ability to run offline is an advantage when compared to previous works, since 
older systems relied on a central server to calculate the desired routes and provide 
information about user location, leaving the user somewhat ‘alone’ when there was no 
network coverage. Another advantage of this type of setup is that the user can be cer-
tain that he will stay on safe routes and locations, as long as he carefully follows the 
lines and clusters. However, when compared to normally sighted people, blind users 
still face some limitations in terms of where they can go while using the system. 

3 Mesh Network 

To address these limitations we propose a change in the topology from a network of 
connected lines and clusters to a mesh network of RFID tags (Fig. 3). This topology 
creates a layer that covers large areas and increases the places that the user can safely 
navigate.  
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Fig. 3. Mesh network of RFID tags and example layers of points-of-interest 

The base layer is the actual infrastructure of individual RFID tags and their geo-
graphic location in terms of absolute coordinates. On top of that, it is possible to cre-
ate an infinite range of layers that can be used to provide location-based services to be 
shared by both blind and normally sighted users. By clustering some of the tags it is 
possible to create points-of-interest that can be categorized (layered) according to the 
needs of the actual location owner or promoter, much like traditional navigation sys-
tems, and the path between these POIs can be dynamically calculated using routing 
algorithms and the RFID base layer. 

The contextual information stored can range from the cultural and intellectual 
promotion of places or events, such as navigation in museums, to commercial adver-
tisements in shopping areas. At the same time, it is possible to extend the coverage 
area of the system, reducing the gap between the places where blind and normally 
sighted people can safely navigate. 

3.1 RFID Base Layer 

The base layer proposed here is a mesh/grid of connected RFID tags. In terms of 
hardware, the tags are placed individually on the floor. The connections are estab-
lished in the GIS database. Each tag has its individual information stored in the GIS, 
but also has a cluster representation, where information about its connecting tags (or 
exit points) is stored (Fig. 4).  

This information can be used to trace routes between the user location and any de-
sired POI and to provide guiding instructions, in case of assisted navigation. 

The accuracy is defined by the precision of the tag reader. Most small readers of 
passive RFID tags work well in a range of a few centimetres and each tag has its indi-
vidual geographic coordinates stored in the GIS, related to the tag identifier. This 
reading distance is defined by the RFID reader manufacturer and is considered to be 
the maximum deviation of the user from its actual location, according to the tag read.  
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Fig. 4. Tag cluster
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4 Final Remarks 

This paper proposes an RFID mesh/grid as an infrastructure for location based servic-
es for the blind. This infrastructure is being assembled at the moment in the campus 
of the University of Trás-os-Montes e Alto Douro (UTAD), Portugal, as part of the 
development of the Blavigator project. Previous work, cited in Section 2 of this paper 
as led the team to the conclusion that the line/cluster topology, while keeping the user 
on safe paths, lacked some of the versatility that normally sighted users had while 
navigating. Moreover, as the geographic location of the points of interest varies over 
time and the tags are embedded in the floor, the mesh topology has arisen as a natural 
evolution. Although a test scenario is currently being assembled on campus, to test 
and refine this proposal, some remarks can already be considered at this time. 

As the reading distance is defined by the RFID reader manufacturer and is it con-
sidered to be the maximum deviation of the user from its actual location, according to 
the tag read, the distance between tags is of the upmost importance. It defines the 
special resolution in terms of location accuracy. Using passive RFID tags, most 
manufacturers assure a reading range of a few centimetres (aprox. 10-15cm maxi-
mum). While this setup assures for a good accuracy, and passive RFID tags are cheap, 
the overall cost of this setup can be somewhat expensive. Using self-powered active 
RFID tags, the range can be greatly increased and the costs can be dramatically re-
duced. But this setup decreases in accuracy. While the first scenario can be used in 
museums and shopping areas, with the financial support of entities which intent to 
provide its user’s with an added value using this infrastructure, the second scenario 
can be more appealing to provide alerts that don’t require much resolution. 

Another scenario can be considered if active RFID tags are mixed among the mesh 
of passive tags, decreasing the number of passive tags required. In this setup, active 
tags could be used to alert the user of POI that will not change often through time and 
represent danger areas. As these locations will hardly be used by people with disabili-
ties, the spatial resolution is of less importance.  

While the test scenario is still being assembled, and no tests have been made to test 
this proposal, previous experience with the line/cluster topology indicates that the 
results of this implementation will be promising. As the geographic location of the 
points of interest varies over time and the tags are embedded in the floor, the mesh 
topology has arisen as a natural evolution. Following work will made after the test 
scenario is assembled and results will be published as a follow up to this paper. 
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