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1 Introduction
People use mainly visual information for indoor/outdoor

navigation, public transport information, textual or symbolic
indications access (bus lines, posters, packaging). Perform-
ing those daily tasks is very difficult and sometimes impos-
sible for people with visual disabilities. They must perceive
and interpret information by other senses (hearing, smell-
ing, touching) and/or asking sighted people to help them.
This human assistance is often welcome but is not always
possible in real time and does not correspond to the precise
needs of sight-impaired people.

Technical assistance has given partial autonomy to peo-
ple with visual impairments in their daily life. Thus, urban
devices installations (audio or haptic) and computer tools
improvements (speech synthesis, Braille console), have
brought some help to blind people. The boom of handheld
devices such as PDA (Personal Digital Assistants), cellular
phones, smart phones and IP cameras, has also opened the
possibilities of many applications to help partially and to-
tally non-sighted people at any time.

This contribution aims to provide a state-of-the-art re-
view of handheld computerized tools for helping people with
visual impairments. This article concerns only non-inva-
sive technological tools which enable the identification of
real objects or give information about localisation or envi-
ronment. Concerning navigation systems, two complemen-
tary approaches are considered [1]:

Obstacle avoidance systems and ultrasonic obstacle
avoiders have been developed to assist visually-impaired
travellers through the immediate or local environment.
Those systems have been widely described in literature [2]
[3] [4] and will be not detailed in this article.

Navigation through the distant environment concerns
location by GPS, GIS, GSM, Bluetooth, WLAN, RFID tech-
nologies.

An Overview of Handheld Computerized Technologies
For People with Visual Disabilities

Philippe Foucher

Handheld computerized tools can be used to provide technical assistance to improve the autonomy of people with visual
impairments. Many projects have brought solutions to the special needs of blind people everywhere.  Those handheld
tools use mainly non-specific devices such as PDAs and smartphones. Speech interfaces (synthesis or recognition) and/or
haptic-enabled communication between user and device. Applications concern the daily life situations of blind people:
mobility and written or symbolic information access. Concerning the mobility of blind people, many systems have been
implemented: outdoor/indoor navigation (GPS/ GSM/WLAN/Bluetooth/RFID), travel assistance (planning, urban public
transport access), video remote assistance, and adapted assistance.  Written or symbolic information access is based in
embedded OCR software, RFID tags identification, objects pattern recognition by using artificial vision.
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After this introduction, this article is composed of four
sections and a conclusion. Section 2 presents the problem
of technical help for blind people. Section 3 presents the
technical description of existing tools. Section 4 presents
the applications which facilitate the mobility of visually-
impaired people. Section 5 describes the research into visual
information access (text, pictograms, environment).

2 Issue of Technical Assistance for Blind People
The issue of technical help for blind people consists of

two aspects:
The computerized assistance tool must give supple-

mentary information to blind people. These supplements
must be accurate, reliable and widely available. It is thus a
question of defining the types of assistance according to
daily life situations: area accesses, position knowledge, navi-
gation, information access, travel planning. Knowledge of
the advantages and drawbacks of technological tools ena-
bles the development of aids adapted to each need.

How shall the aids communicate with blind people?
Blind people must have Input/Output (speech recognition/
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synthesis, tactile keyboard/screen) access to give indica-
tions and receive information. The adaptation of devices,
human machine interface and contents is essential to obtain
a usable and efficient assistance.

3 Technical Description of Aids

3.1Location Tools
The choice of location methods depends often on the

blind person’s  environment (urban or rural areas, outdoor/
indoor situations). All the methods are generally used
complementarily to combine accuracy, signal reception level
and reliability in many areas.

The main location methods are based on a trilateration
(a process analogous to triangulation) measurement between
satellites and receiver device [5]. At the moment, only the
GPS (Global Positioning System) enables geolocation by
satellites. The European system Galileo will soon be opera-
tional (2008-2009). Trilateration calculates the electromag-
netic signal’s propagation time between mobile receiver
location and at least three satellites. Location information
given by GPS is free and receiver devices are ubiquitous
and inexpensive. Location information corresponds to lati-
tude and longitude coordinates and navigation software such
as GIS (Geographical Information System) or Map Match-
ing is generally proposed with GPS to navigate on a map.

Some factors have an influence on GPS receivers in
terms of accuracy (location given by GPS is very close to
real location) and satellites reception level (GPS is accessi-
ble anywhere).

GPS signals are deflected and reflected as they pass
through the Earth’s atmosphere. This introduces a location
error.

GPS receivers can only see satellites which are above
the horizon, and obstructions caused by vegetation, build-
ings, mountains, or canyon walls can block satellite sig-
nals. A study has revealed very poor reception conditions
in dense urban areas [6]. In this urban environment pedes-
trian navigation may be thus problematic because of the
walls of large buildings.

Canyons, both natural and urban are also notorious for
the multipath (the reflection of signals off canyon walls). GPS
receivers work by calculating the time it takes for signals to be
received from GPS satellites, so signals bouncing off canyon
walls are delayed slightly, thereby introducing error.

There is no GPS signal reception for indoor loca-
tion.

Some methods have enhanced GPS measurement and
satellites reception level. DGPS (Differential Global Posi-
tioning System) corresponds to Global Positioning System
(GPS) with an additional correction (differential) of the lo-
cation. DGPS compares the GPS location at a fixed station
with the actual known location of the station. It transmits
then this difference to mobile GPS receiver which automati-
cally correct the positioning. AGPS (Assisted Global Posi-
tioning System) refers to a system where resources other
than satellites, such as a fixed assistance server and refer-

ence network, GSM (Global System for Mobile Communi-
cations), UMTS (Universal Mobile Telecommunications
Systems), help a GPS receiver calculate its position. The
receiver can operate more quickly and efficiently than it
would unassisted, because a set of tasks that it would nor-
mally compute is shared with the assistance server. For ex-
ample, the assistance server can take into account precise
GPS satellite information (orbit and clock), initial position
and time estimation. This information is computed by the
assistance server and communicated to the receiver through
the mobile network. AGPS also works when signal recep-
tion is low.  It is thus particularly interesting in dense urban
areas or in buildings. Moreover, the use of AGPS decreases
necessary time computation for position calculation.

In general, GPS Location gives the most accurate re-
sults. However, other location systems, using mobile net-
works (GSM, UMTS) and terrestrial stations enable greater
location accuracy in urban and indoor environments.

Those positioning systems are based on different loca-
tion methods [7]:

The basic location method is Cell Identification (Cell-
ID). It is based on the fact that mobile networks can iden-
tify the approximate position of a mobile handset by deter-
mining which cell beacons the mobile device is using at a
given time.

Specific antennas arrays and location receivers in
Base Transceiver Stations (BTS) determine the angle of ar-
rival of the signal from the mobile device. The intersection
of apparent arrival directions determines the mobile device
location. This method needs at least two BTS but three or
more BTS stations are generally used to increase the accu-
racy of the system.

The Mobile device signal is received by three or more
BTS which measures the Time of Arrival. Trilateration com-
putation determines the mobile device location.

This technology is supported by all mobile handsets but
the location accuracy highly depends on the environment.
It is much higher in urban areas than in rural areas. The
same methods (Triangulation or IP Address Identification)
are used for location using WLAN (Wireless Local Area
Network), Bluetooth networks. These technologies are avail-
able on standards PDA. Triangulation of Infrared or Ultra-
sonic signals is also used for location especially for indoor
location. Research by Pandya et al. [8] has evaluated loca-
tion accuracy by Bluetooth or WLAN networks.  Location
by Bluetooth seems to give better results than location by
WLAN network.

RFID (Radio-Frequency Identification) systems are
composed of RFID microchip (RFID tags) mounted on or
inside a support and a RFID reader which read and/or write
RFID microchip information by a remote activation (10
meters) [9]. The data derived from accurate RFID tag loca-
tions can be used to determine the location of the  RFID
reader. This method is generally used for indoor location or
navigation. A complete navigation system could consist of
GPS for outdoor locations and RFID systems for indoor
navigation [10].
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All location systems (GSM, UMTS, WLAN Bluetooth,
RFID), excluding GPS, are usable in urban areas or indoor
places. However, those systems need a large number of ter-
restrial stations or antennas to obtain good location accu-
racy. Figure 1 below, sums up the advantages and limita-
tions of systems.

For pedestrian applications, the use of inertial units with
other positioning systems (GPS or GSM) improves the ac-
curacy [11]. The basic idea of inertial unit is dead reckon-
ing navigation. It determines successive positions by esti-
mating the distance and the angle the person has moved
since the previous computed position. The computation takes
into account thus the characteristics of the person’s gait.
Inertial units are composed of embedded sensors such as
accelerometers which measure acceleration rate, gyroscopes
to measure angular speed and magnetic compasses to indi-
cate the direction. A drawback is that computed positions
are likely with time to deviate from real positions (cumula-
tive errors) since inertial units are based on relative posi-
tioning. An advantage is that it does not depend on terres-
trial stations or antennas.

3.2 Information Access
The adaptation of visual information content and a judi-

cious choice of devices, information processing software and
human-machine interfaces are necessary to implement systems
usable by blind people. Information Access tools concern
handheld computerized devices and adapted software used to
help blind people everywhere and in many situations.

Cellular phones and PDAs are standard, autonomous,
non-specific, handheld and increasingly cheaper devices.
PDAs are real and powerful computers. A standard PDA is

composed of a microprocessor with a frequency over
600Mhz and extensible RAM of 128 MBytes. Cellular
phones are less powerful than PDAs but are more wide-
spread. Smartphones combine PDA and cellular phone
functionalities. The microprocessor power and storage ca-
pacity enhancement and wireless transmission have facili-
tated applications integrations: GIS outdoor navigation,
RFID readers, data processing systems (text, audio, image,
signals). Moreover, most standard PDAs are equipped with
a GPS receiver, WLAN or Bluetooth access, Multimedia
tools (Input/output audio systems, camera…) and GSM or
UMTS networks for smartphones.

Computers research has improved human-machine in-
terfaces so that they may be used by people with visual dis-
abilities. Speech recognition or synthesis and haptic inter-
faces can be implemented on handheld devices. A haptic
interface is an interactive communication system which
enables to the user to "perceive" the texture of 2D objects.
The system is an interface which can be similar to a pen or
a mouse [12].

Lastly, the knowledge of visual information (text/
pictograms) can be essential to identify objects (posters,
products, places) in many situations (at home, outside, at
shopping)… A first approach consists in tagging objects with
barcodes or RFID and storing information in a data basis
(Bar code is a read only memory, while RFID tag contains
erasable and repeatedly writable memories in it). A handheld
device with barcode or RFID reader is then used to get in-
formation identifying the objects. The second approach is
the visual information processing using pattern recognition
methods. This approach presents the interest to be applied
for a high number of applications (location, public trans-

Figure 1: Advantages and Limitations of Location Systems.
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port information, text / pictograms reading…) without any
equipments such as stations, RFID tags, etc.

4 Mobility of Visually Impaired People: Handheld
Computerized Assistance

This section presents handheld computerized assistants
to facilitate the mobility of visually impaired people.

4.1Urban Guidance and Pedestrian Navigation
Many research projects have been proposed for people

with visual impairments. Loomis et al. [13] and Brusnighan
et al. [14] are considered to be the first research works on
GPS navigation for blind people commenced in the nine-
teen-eighties. In Brusnighan’s experiment, the GPS system
located the blind person’s position and calculated the dis-
tance and the time to go to a previously defined place. It
was the first urban guidance system but the research was
conducted during the early deployment of GPS. However,
the poor positioning accuracy and technical limits of
handheld devices were incompatible with assistance for
visually impaired people. Makino et al. [15] used a mobile
phone to transmit blind pedestrian GPS coordinates to an
assistance server which returned the position vocally using
speech synthesis. The cost, the weight and the computer
power of the handheld device was thus highly reduced.

Urban guidance systems became more and more com-
petitive with the technology’s enhancement (geolocation,
data processing, speech synthesis). A methodology was pro-
posed by Gaunet and Briffault [16] to define specifications.
The first commercial GPS-based system proposed by the
Arkenstone Foundation [17] provides both information
about the locations of nearby streets and points of interest
and instructions for travelling to desired destinations.

MoBIC project (Mobility of Blind and Elderly People
Interacting with Computers) [18] consists of two interelated
components:

- MoBIC Pre-Journey System (MoPS) to assist blind
users in planning journey by  storing information such as
local maps, public transport timetables, opening hours of
facilities, notes on the traversability of routes, specific sur-
faces, user preferences and address.

- MoODS (MoBIC Outdoor System) to help the user to
navigate. The system is composed of   a GPS/DGPS loca-
tion system, magnetic compass and GIS software. The blind
user asks a question via a handheld keyboard: where am I?
Public transport timetable? Answers are received aurally
through speech synthesis.

The entire journey is memorized to improve the data-
base. The interface works on a cellular phone but the size
and the weight (6 kilograms, mostly due to the batteries) is
a critical factor in the acceptability of the MoODS system
[19]. The guidance system of Guillet et al.[20] considers
the trip length and specfic impairments to propose an adapted
path. The navigation integrates GPS, mobile phone and GIS.

In the Drishti project [21] [22], the researchers integrate
several technologies to implement a navigation system. It
consists of an outdoor navigation system by GPS/DGPS

and an indoor navigation system by ultrasonic signals tri-
angulation. The location information is processed and
speech-synthesized by an assistance server using WLAN
network. Moreover, Drishti is a dynamic system which
adapts the trip according to environment situation (traffic
congestion, route blockage) or according to a changed de-
cision of the user (new destination). The device is composed
of a very light wearable computer, headphones and micro-
phone. Willis and Helal [23] proposed an outdoor/indoor
navigation system on a PDA with a RFID reader. They esti-
mate that the concept of setting up RFID Information tags
is economically feasible in buildings, in college campuses
and corporate parks. RFID guidance is also studied by
Ceipidor et al. [24]. They installed an RFID reader on a
white cane. Collected data are transmitted to a PDA by
Bluetooth and are processed and speech-synthesized by an
assistance server using WLAN network.  Bellotti et al. [25]
have experimented with the use of RFID tags at the Euroflora
2006 exhibition. The system is composed of a PDA with
embedded speech synthesis software. The RFID tags ena-
bled navigation in the exhibition hall and a description of
each stand. The 120 blind testers were satisfied by the sys-
tem’s utility and usability. However, the system will need
to be made more accurate by increasing the number of RFID
tags. Kulyukin et al. [26] have developed a Robot-assisted
indoor navigation system for visually impaired people. A
robotic guide moves automatically using RFID tags. Ex-
periments have been undertaken in two indoor environ-
ments.  All participants reached their destinations without a
problem. In their exit interviews, the participants especially
liked the fact that they did not have to give up their white
canes and guide dogs to use robotic guide. Human-robot
interaction, especially speech synthesis system is still prob-
lematic. Other limits concern robot velocity, the non-detec-
tion of route blockages and the static environment after the
RFID tags are deployed.

Some research integrates both relative positioning by
dead reckoning systems and absolute positioning by GPS
[27]. This combination enables the commercialisation of a
specific and lightweight (400 grams) device for visually
impaired people. The system is called PNM: Pedestrian
Navigation Module.

Other commercial projects have resulted in autonomous
navigation devices for blind people. Navworks (in
France)[28] and Smarteyes (in Greece)[29] projects aim at
developing computerized and handheld systems to vocally
guide people with visual disabilities. The systems use both
GPS and GSM modules. The intent of the "Free Mobility
Assistance" project [30] is to install RFID tags to help blind
people to be directed in the city using vocal and audio mes-
sages. The city of Kobe (Japan) have experimented  with a
system by installing 4000 RFID tags. The Sendero Group
society [31] has implemented a specific wearable device
for GPS location for blind people. The  HumanWare soci-
ety [32] has commercialised the Trekker using a standard
PDA with GPS receiver. This product proposes a tactile in-
terface for blind people.
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4.2 Public Transport and Journeys
Public transport access is essential to improve blind peo-

ple’s autonomy. The purpose of research work is mainly to
communicate public transport information in real time to
blind people.  The Rampe project [33] [34] aims at making
available an interactive system to assist people with visual
disabilities to obtain public transport information. The
project considers only bus and street car stations or stops.
The user carries a smart handheld device (PDA) which com-
municates by a wireless connection with fixed equipment
in the bus or streetcar stations. The information is vocally
communicated to the user and indicates the proximity of a
station, the bus lines, the timetable and alterations to arrival
and departure times (public works, bus stop changes). A
complementary project could be Ubibus [35]. In this project
three entities interact by WLAN or Bluetooth: bus, bus stop/
station and PDA of the user. The application allows the user
to request in advance the bus of his choice to stop and to be
notified when the correct bus has arrived.

Underground navigation system for blind people is also
proposed using Bluetooth technology. The Blueeyes sys-
tem [36] is composed of fixed Bluetooth stations deployed
in the underground area and mobile phones with Bluetooth
receivers. The user is located in the underground by
Bluetooth and a message is sent to indicate his/her position
and possible directions. The method works step by step and
indicates the path by  real-time computing. However, all
underground stations and connections must be equipped with
Bluetooth bases to inform the blind user.

NOPPA [37] navigation and guidance system is designed
to offer public transport passenger and route information
for the visually impaired. The system provides an unbro-
ken trip chain for a pedestrian using buses, commuter trains
and trams in three neighbouring cities. The Noppa system
is implemented in a standard mobile phone and presents the
following characteristics: Speech interface (speech and rec-
ognition), journey planning, real time information on pub-
lic transport, real time information on geographical envi-
ronment and, GPS location for outdoor navigation and
Bluetooth and WLAN location for indoor navigation. The
limits are that map data may include outdated information
or inaccuracies, positioning may be unavailable or inaccu-
rate, or wireless data transmission is not always available.

4.3 Remote Assistance
The 3G mobile phone using UMTS technology allows

video assistance.  Research in Brunel University [38] con-
sists in a navigation system with two distinctive units:

A Mobile Navigation Unit (MNU) carried by blind
user. This unit is composed of a camera, a GPS receiver and
an adapted interface on a smartphone.

A stationary Navigation Service Centre (NSC) at the
site of a sighted person (the guide). The NSC is composed
of workstations with GIS data basis and a monitor to dis-
play the real time video image and the user’s location on a
digital map; these are the input information used by the
sighted person to provide the vocally guided service.

Hestnes et al. [39] [40] have proposed a service through
which visually impaired persons can obtain information on
what is present in their surroundings with the help of per-
sons who can see and act as guides. They have undertaken
a series of studies which examined whether a mobile video-
phone (an “eyephone”) can be a real help for people who
are blind or severely visually impaired. 10 blind or severely
visually impaired users have tested the system in 5 situa-
tions (bank, shopping, at a bus stop, finding something lost
on the ground, being lost). All the tasks were accomplished
with success and the satisfaction rate was very high. The
system presented some problems in reading documents and
finding very small objects. Lighting conditions must be suf-
ficient.

4.4Communication Interfaces
Representing and perceiving the environment brings

some significant indications to help visually impaired peo-
ple to move in this environment. In this way, the develop-
ment of specific interfaces contributes to improve this rep-
resentation and perception.

The Äänijälki project [41] is a platform for visually im-
paired people to exchange information about museums and
exhibitions. The intention is to motivate visually impaired
people to visit museums by providing a tool to get informa-
tion about museum spaces, access, opening hours. The serv-
ice is composed of two main elements: a handheld device
(PDA) with tactile screen to be used in museums or exhibi-
tions and an Internet website to obtain information. The PDA
is equipped with headphones to receive audio comments in
museums and exhibitions.

The goal of Coroama and Röthenbacher’s [42] project
is to use alternative means to present continuously and vo-
cally the environment to the visually impaired user. It gives
thus some of the information which the user would other-
wise miss. The prototype is composed of the following ele-
ments:

A large number of environment objects which are
RFID-tagged,

A device interacting with tagged objects when the
user moves into the object environment,

A real-world tagged object which has a virtual rep-
resentation containing its information.

Communication interface by Bluetooth and WLAN
All these methods allow visually impaired people to in-

crease their autonomy in navigation and trip information
processing. Some assistance projects also involve visual
information processing to access textual data, pictograms,
signboards and street name information.

5 Visual Information Processing
In this section, two approaches are proposed: object iden-

tification using RFID or barcoded tags and object recogni-
tion by artificial vision.

5.1RFID and Barcode Methods
The purpose of the Trinetra [43] is to develop a cost-
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effective solution to assist the blind and visually impaired
with the task of grocery shopping. In the Trinetra-scenario,
the blind shopper should not need to ask for assistance from
a store clerk, and should be able to locate and browse prod-
ucts within the store on his/her own. Two solutions are pro-
posed; the identification using barcodes on tagged individual
products and RFID identification which holds more prod-
uct information and is not yet prevalent in stores. The de-
vice is composed of a smart phone with Bluetooth and a
text-to-speech module, a RFID reader, barcode reader and
a remote assistance server with RFID database and barcodes
database. In future developments, the authors would like to
embed RFID tags into the environment to identify the cor-
rect aisle, rack and shelf in the grocery store. The use of
artificial vision technologies (OCR systems) instead of
barcodes or RFID is also investigated.

Tatsumi et al. [44] propose two solutions using PDA for
textual information access:

Information access via a notice board. A blind stu-
dent uses a PDA equipped with a barcode scanner to read a
bar code printed on the notice board. The bar code is sent to
the server which automatically and vocally sends the notice
board information back.

Messaging systems between students and teacher
using RFID tags on the teacher’s office door. The blind stu-
dent uses his/her PDA equipped with RFID scanner to read
and/or write  messages on RFID tags.

Coughlan et al. [45] propose an assistive technology
system based on a camera cellular phone held by the blind
user) to find and read specially designed signs in the envi-
ronment. The signs are barcode locations on office or
restroom doors. The use of distinctively coloured areas next
to barcodes allows the rapid location of barcodes. A spe-
cific and robust algorithm has been implemented to read
barcodes with poor resolution and in dim lighting. Prelimi-
nary tests have shown that blind users are able to locate
barcodes using a standard cellular phone. The authors would
like future developments to read barcodes at greater dis-
tances.

These solutions are attractive but the identification con-
cerns only tagged objects with barcodes or RFID and the
corresponding information must be regularly updated in the
databases.

5.2Computer Vision
The first application based on image processing meth-

ods is OCR (Optical Character Recognition). Kurzweil
National Federation [46] presents a portable device to read
textual documents anywhere. The device is composed of a
PDA with a digital camera to scan any documents (restau-
rant menu, text, announcements), Text is decoded by  em-
bedded OCR software and audio converted by a text-to-
speech software. Data are entirely processed by the PDA.

Dumitras et al. [47] present a handheld text recognition
system to extract written information from a wide variety
of sources. They use a smartphone (with an embedded cam-
era) which sends the photograph of the object to an assist-

ance server using a GPRS network. The server sends the
extracted textual information back to the smartphone where
it passes through a text-to-speech converter.

The iCare-reader [48] is also a portable reading device.
It is composed of a digital camera mounted in a spectacle
frame and connected wirelessly to a PDA. OCR software
decodes the text and a speech synthesizer converts it into
audio format. New challenges concern the interaction be-
tween the reader and the user. A specific interface would
required to allow the reader device to train the user in point-
ing the camera at the reading material by head movements.

The portable device of Nakajima et al. [49] recognizes
phrases on signboards and menus and translates them into
other languages. A picture of a signboard or menu is taken
by the camera of a PDA or cellular phone. It is then
wirelessly sent to an assistance server for OCR decoding.
The system  resolves the difficulty of character sets such as
Japanese and Chinese by using a language translation mod-
ule.

Gaudissart et al. [50] [51] have developed a text recog-
nition system on a PDA equipped with a camera for the
imaging of textual documents (banknotes, CDs).  Embed-
ded OCR software translates text within image files into
editable text files and information is transferred to a text-
to-speech module for audio output. The system, called
Sypole,  gives encouraging results for text with uniform
backgrounds but is not efficient enough for text detection
in outdoor situations.

Image processing tools do not concern only communi-
cation and information accessibility using text recognition.
Shape recognition algorithms could indeed be implemented
on handheld devices to detect elements in the city such as
pictograms, pedestrians’ traffic lights, crosswalks where text
data are totally lacking. In those situations, the mobility of
visually impaired people could be facilitated by different
types of electronic aids.

In order to help partially sighted people, Everinghan et
al. [52]   have proposed a technology combining the field
of virtual reality with advanced artificial vision methods to
create an enhanced image from an urban scene image. In
this contribution, an eight-level grey scale image present-
ing objects of the scene classified in eight categories (road,
sky, pavement, buildings, vehicle, vegetation, obstacles) is
displayed to the low vision user on a head mounted screen.
Methods have also been developed to help totally blind peo-
ple. In this way, different methods have been proposed to
detect crosswalks and stairs. Molton et al. [53] have devel-
oped thus a robotic system based on sonar and stereovision
sensors for detection of obstacles whereas Se et al. [54]
described an algorithm based on edge detection followed
by a Hough transform. In this second contribution, the dis-
tinction between crosswalks and stairs is evolved by van-
ishing line methods. Those two papers do not discuss on
the way to give information to the blind user.

The research of Snaith et al. [55] concerns a system us-
ing computer vision techniques to facilitate centre-path
travel and to recognize doorways. The detection is based
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on recognition of characteristic patterns of near- vertical
and near-horizontal lines for doorways and the determina-
tion of dominant vanishing lines make possible the detec-
tion of main direction along a path.

The identification of pedestrian traffic lights is also taken
into account in the literature. Some research works have
shown an interest in this topic by presenting traffic light
recognition systems. The first one [56] is based on a two
step algorithm: extraction of candidates for the traffic light
regions by colour analysis and shape recognition by using
affine invariant moments. The results are highly encourag-
ing but the authors do not propose a portable and cheap
system (such as a PDA) and they do not give any informa-
tion for transfering the output to visually impaired people.
The second one [57] deals with the analysis of the colour
histograms without calculating any shape features. The de-
cision depends only on the colour criteria, making possible
misclassification due to the lights of parked cars or others
similar colour sources. The use of single colour informa-
tion seems insufficient to detect the correct silhouette. The
colour information is highly dependant on the colour illu-
mination and similar colour (red or green) could be present
at the scene. The combination of colour information and
shape information seems preferable.

The researchers of the THIM laboratory have presented
a PDA-based tool to recognize pedestrian traffic lights. Their
algorithms use both shape information (by structural meth-
ods [58] or Fourier descriptors [59]) and colour informa-
tion with very encouraging results (70% of good classifica-
tion for red traffic light and 80% for green traffic light).
The researchers have shown the complexity of a problem
(recognize pedestrian’s traffic light) that could be appear
fairly simple [60]. For instance, locating the object of inter-
est is not an easy task.

6 Conclusion
The growing volume of research into handheld compu-

terized applications for persons with visual impairments is
really interesting and encouraging. However, all the projects
propose a partial solution to the needs of blind people: navi-
gation/location, remote assistance, visual information and
public transport. There is not yet a universal handheld tool
to assist people with visual impairments in all conceivable
situations.

At long-term vision, it seems to the author that the po-
tential of artificial vision allows to elaborate very interest-
ing, robust useful applications on portable devices for blind
people assistance. Artificial vision could bring reliable so-
lutions for location/navigation, visual information access,
etc.

References
[1] N.A. Bradley, M.D. Dunlop. Investigating context-

aware clues to assist navigation for visually impaired
people. Proceedings of Workshop on Building Bridges:
Interdisciplinary Context-Sensitive Computing, Uni-
versity of Glasgow. 2002.

[2] S. Shoval, I. Ulrich, J. Borenstein. Computerized Ob-
stacle Avoidance Systems for the Blind and Visually
Impaired. En Intelligent Systems and Technologies
in Rehabilitation Engineering. Editores: H.N.L.
Teodprescu, L.C. Jain, CRC Press, pp. 414-448,
2000.

[3] E. Pissaloux, F. Maingreaud, R. Velasquez. De la per-
ception au mouvement : réflexions autour de la con-
ception des aides électroniques aux déplacements de
déficients visuels, Signaux, 98, pp. 23-32, December
2003.

[4] C. Jacquet , Y. Bellik, Y. Bourda. Electronic Locomo-
tion Aids for the Blind: Towards More Assistive Sys-
tems. Intelligent Paradigms for Assistive and Preven-
tive Healthcare. N. Ichalkaranje, A. Ichalkaranje, L.C.
Jain, editores. Springer-Verlag. pp. 133-163, April
2006.

[5] B. Hofmann-Wellenhof, H. Lichtenegger, J. Collins.
GPS: Theory and Practice (Fifth Revised Edition).
Springer Wien NewYork, 2001.

[6] J. Chao, Y. Chen, X.D. Wu Chen, Z. Li, N. Wong, M.
Yu. An Experimental Investigation into the Perform-
ance of GPS-based Vehicle Positioning in Very Dense
Urban. Areas. Journal of Geospatial Engineering 3, 1,
pp. 59–66, 2001.

[7] G.M. Giaglis, V. Zeimpekis, G. Lekakos. A taxonomy
of indoor and outdoor positioning techniques for mo-
bile location services. ACM SIGECOM Exchanges,
3(4), pp. 19-27, 2003

[8] D. Pandya, R. Jain, E. Lupu. Indoor Location estima-
tion using multiple wireless technologies. Proc. of the
14th IEEE international Symposium on Personal In-
door and Mobile Radio communication, pp. 2208-2212,
2003.

[9] T. Tsukiyama. Global navigation system with RFID
tags. Proceedings of SPIE Volume: 4573 Mobile Ro-
bots XVI, pp. 256-270, 2002.

[10] M. Kourogi, N. Sakata, T. Okuma, T. Kurata. Indoor/
Outdoor Pedestrian Navigation with an Embedded
GPS/RFID/Self-contained Sensor System. Proceedings
of the 16th International conference on Artificial Re-
ality and Telexistence (ICAT 2006), pp. 1310-1321,
2006

[11] P.-Y. Gilliéron, Q. Ladetto, D. Buchel, I. Spassov, C.
Hagin, M. Pasquier. Navigation pédestre: le futur en
marche, Géomatique, 31,1, pp. 6-13, 2004.

[12] E. Lecolinet, G. Mouret. TactiBall, TactiPen, TactiTab.
Actes 17e conf. francophone sur l’Interaction Homme-
Machine (IHM’05). ACM Press. September 2005.

[13] J.M. Loomis, R. Golledge, R.L. Klatzky. GPS-based
navigation systems for the visually impaired.  En W.
Barfield & T. Caudell,  (Eds.), Fundamentals of wear-
able computers and augmented reality.  NJ. Mahwah: 
Lawrence Erlbaum Associates, pp. 429-446, 2001.

[14] D.A. Brusnighan, M.G. Strauss, J.M. Floyd, B.C.
Wheeler. Orientation aid implementing the Global Po-
sitioning System. In S. Buus (Ed.), Proceedings of the



UPGRADE Vol. VIII, No. 2, April 2007  27© Novática

Information Technologies for Visually Impaired People

ence. Boston: IEEE, pp. 33-34, 1989.
[15] H. Makino, I. Ishii, M. Nakashizuka. Development of

navigation system for the blind using GPS and mobile
phone connection. En Proceedings of the 18th Annual
Meeting of the IEEE EMBS, Amsterdam, The Nether-
lands, pp. 506-507, October-November, 1996.

[16] F. Gaunet, X. Briffault. Méthodologie de spécification
pour un système informatique de guidage verbal: le
déplacement des déficients visuels en ville. ÉPIQUE
2001, Actes des Journées d’étude en Psychologie
ergonomique, Nantes, IRCCyN, France, pp. 133-143,
Octubre 2001.

[17] J. Fruchterman. Arkenstone’s orientation tools:
AtlasSpeaks and Strider. Presentation at Conference
on Orientation and Navigation Systems for Blind Per-
sons, University of Hertfordshire, 1995.

[18] H. Petrie, V. Johnson, T. Strothotte, A. Raab, S. Fritz,
R. Michel. MoBIC: Designing a travel aid for blind
and elderly people, Journal of Navigation 49(1), pp.
45-52, 1996.

[19] T. Strothotte, S. Fritz, R. Michel, A. Raab, H. Petrie,
V. Johnson, L. Reichert,   A. Schalt. Development of
dialogue systems for a mobility aid for blind
people: initial design and usability testing. Proceed-
ings of the second annual ACM conference on Assistive
technologies, pp. 139-144, 1996.

[20] V. Guillet, B. Rumpler, J. Pinon. Providing Help for
Visually Impaired People’s Navigation in an Urban En-
vironment Using GPS. Computer Helping People with
Special Needs: 8th International Conference, ICCHP,
Linz, Austria, pp. 429-436, July 2002.

[21] S. Helal, S. Moore, B. Ramachandran. Drishti: An In-
tegrated Navigation System for Visually impaired and
disabled. Proceedings of the 5th International Sympo-
sium on Wearable Computer, Zurich, Switzerland, pp.
149-157, October 2001.

[22] L. Ran, S. Helal, S. Moore. Drishti: An integrated In-
door/Outdoor Blind navigation system and Service.
Proceedings of the 2nd IEEE Pervasive Computing and
Communications Conference. Orlando USA, pp. 23-
30, Marzo 2004.

[23] S. Willis, S. Helal. RFID Information Grid for Blind
Navigation and Wayfinding. Proceedings of IEEE In-
ternational Symposium on Wearable Computers, pp.
34-37, 2005.

[24] U. Biader Ceipidor, C.M. Medaglia, F. Rizzo, A.
Serbanati.  RadioVirgilio/Sesamonet: an RFID-based
Navigation system for visually impaired. Mobile guide
2006, Turin, Italy. <http://mobileguide06.di.unito.it/
programma.html>, Last visit on January 29th 2007.

[25] F. Bellotti, R. Berta, A. De Gloria, M. Margarine. Guid-
ing visually impaired people in the exhibition, Mobile
guide 2006, Turin, Italy. <http://mobileguide06.
di.unito.it/programma.html>, Last visit on January 29th
2007.

[26] V. Kulyukin, C. Gharpure, J. Nicholson, S. Pavithran.
RFID in Robot-Assisted Indoor Navigation for the

Visually Impaired. Proc. Of International conference
on Intelligent robot and systems, 2, pp. 1979- 1984,
2004.

[27] Q. Ladetto, B. Merminod. 2002 In Step with INS: Navi-
gation for the Blind, Tracking Emergency Crews.
GPSWorld, pp. 30-38, October 2002.

[28] F. Gaunet, X. Briffault. Aide à la mobilité des piétons
aveugles : vers un système informatique de guidage
verbal portatif localisé, Proc. Handicap 2002, Paris,
2002.

[29] Altivis. SmartEyes : guidage par satellite au service
des aveugles <http://www.altivis.fr/SmartEyes-
guidage-par-satellite-au,1283.html>. Last visit on Janu-
ary 29th 2007.

 [30]ITS. "Free Mobility Assistance" Project. <http://
www.its.go.jp/ITS/2006/006.html>. Last visit on Janu-
ary 31th 2007.

[31] Sendero Group. <http://www.senderogroup.com>
(Last visit on January 29th 2007).

[32] Trekker. <http://www.humanware.ca/web/en/p_DA_
Trekker.asp> (Last visit on January 29th 2007).

[33] J. El Sayah, G. Baudoin, O. Venard, B. El Hassan. Simu-
lation using OMNet++ of the  RAMPE system - an
Interactive Auditive Machine helping blinds in Public
Transports, Proc. Conference IEEE EUROCON 2005,
Belgrado, Serbia y Montenegro, November 2005.

[34] G. Baudoin, O. Venard, G. Uzan, L. Rousseau, Y.
Benabou, A. Paumier, J. Cesbron. "The RAMPE
Project : Interactive, Auditive Information System for
the Mobility of Blind People in Public Transports",
ITST’2005 – IEEE, The 5th International Conference
on ITS Telecommunications, pp. 389-392, 27-29 July,
Brest, France.

[35] M. Banatre, P. Couderc, J. Pauty, M. Becus, S.
Brewster, M. Dunlop. International symposium on
mobile human, 6, Glasgow, vol. 3160, pp. 310-314,
2004.

[36] BlueEyes. <http://www.blueeyes.fr/>. Last visit on
January 29th 2007.

[37] A. Virtanen, S. Koskinen. NOPPA Navigation and guid-
ance System for the Visually Impaired. <http://
www.cemt.org/topics/handicaps/FIN-Noppa.pdf>.

[38] Z. Hunaiti, V. Garaj, W. Balachandran, F. Cecelja. An
Assessment of 3G Link in a Navigation System for
Visually Impaired Pedestrians. Proc. of the 15th IEEE
International Conference on Electronics, Communica-
tions, and Computers (CONIELECOMP 2005), pp. 7-
9, 2005.

[39] B. Hestnes, P. Brooks, S. Heiestad. Videotelephony for
blind people – case studies with high quality proto-
type and 3G mobile systems. 20th International Sym-
posium on Human Factors in Telecommunication, 2006

[40] B. Hestnes, P. Brooks, S. Heiestad, M. Tollefsen. "Eye-
phone" – case study results from the application of
videotelephony for blind people. Proc. 19th. Interna-
tional Symposium on human Factors in Telecommuni-
cation, Berlin, Germany, pp. 135-142, 2003.



28 UPGRADE Vol. VIII, No. 2, April 2007 © Novática

Information Technologies for Visually Impaired People

[41] M. Salgado, A. Kellokoski. Äänijälki: Opening Dia-
logues for Visually Impaired Inclusion in Museums.
International Workshop.  Re-Thinking Technology in
Museums: Towards a New Understanding of People’s
Experience in Museums, Limerick, Ireland, 2005.

[42] V. Coroama. Experiences from the design of a ubiqui-
tous computing system for the blind. Extended abstracts
of Conference on Human Factors in Computing Sys-
tems, CHI ‘06, pp. 664-669, 2006.

[43] P. Narasimhan. Assistive Embedded Technologies,
IEEE Computer, pp. 85-87, July 2005.

[44] H. Tatsumi, Y. Murai, M. Miyakawa, S. Tokumasu. Use
of Bar code and RFID for the visually impaired in
Educationnal Environment. 9th International Confer-
ence ICCHP, pp. 583-588, 2004.

[45] J. Coughlan, R. Manduchi, H. Shen. Cell Phone-based
Wayfinding for the Visually Impaired, 1st International
Workshop on Mobile Vision, Graz, Austria, 2006.

[46] Kurzweil – National Federation of the Blind. <http://
www.knfbreader.com/>. Last visit on January 29th
2007.

 [47]T. Dumitraþ, M. Lee, P. Quiñónez, A. Smailagic, D.
Siewiorek, P. Narasimhan. Eye of the Beholder: Phone-
Based Text-Recognition for the Visually-Impaired.
Proc. of the 10th IEEE International Symposium on
Wearable Computers. pp. 145-146, 2006.

[48] H. Nakajima et al. "Portable Translator Capable of Rec-
ognizing Characters on Signboard and Menu Captured
by Built-in Camera", In ACL Interactive Poster and
Demonstration Sessions, pp. 61-64, 2005.

[49] T. Hedgpeth, M. Rush,  V. Iyer, J. Black, M. Donderler,
S. Panchanathan. iCare-Reader - A Truly Portable
Reading Device for the Blind. The 9th Annual Access-
ing Higher Ground: Accessible Media, Web and Tech-
nology Conference, University of Colorado, Novem-
ber 2006.

[50] V.Gaudissart, S.Ferreira, C.Thillou, B. Gosselin. Mo-
bile reading assistant for blind people, Proc. 13th

EUropean SIgnal Processing Conference, EUSIPCO,
Antalya, Turkey, 2005.

[51] J.P. Peters, C. Thilllou, S. Ferreira. Embedded Read-
ing Device for Blind People: a User-Centred Design.
Proc. of Emerging Technologies and Applications for
Imagery Pattern Recognition. (AIPR), Washington
D.C., USA, 2004

[52] R. Everingham, R.T. Thomas, T. Troscianko. Head-
mounted mobility aid for low vision using scene clas-
sification techniques. International Journal of Virtual
Reality, vol. 3 (4), pp. 3-12, 1999.

[53] N. Molton, S. Se, S. Brady, D. Lee, P. Probert. Robotic
Sensing for the partially sighted, Robotics and Autono-
mous systems, 26, pp. 185-201, 1999.

[54] S. Se, M. Brady.  Road Feature detection and estima-
tion, Machine Vision and Applications Journal, Vol.
14 (3), pp. 157-165, 2003.

[55] M. Snaith, D. Lee, P. Probert. A low-cost system using
sparse vision for navigation in the urban environment,

Abbreviations and Acronyms
AGPS: Assisted Global Positioning System.
BTS: Base Tranceiver Station.
DGPS: Differential Geographical Positioning System.
OCR: Optical Character Recognition.
GPRS: General Packet Radio Service.
GPS: Geographical Position System.
GSM: General System for Mobile Communications.
MNU: Mobile Navigation Unit.
MoBIC: Mobility of Blind and Elderly People Interacting

with Computers.
MoODS: MoBIC Outdoor System.
MoPS: MoBIC Pre-Journey System.
NOPPA: Nakovammaisten Opastusjarjestelman Pilotti

Projekti [Navigation and Guidance System for the
Visually Impaired].

NSC: Navigation Service Centre.
PDA: Personal Digital Assistant; a handheld electronic

device providing database and communications
facilities.

PICRI: Partnerships Institution-Citizens for Research and
Innovation [France].

PNM: Pedestrian Navigation Module.
RFID: Radio Frequency Identification.
THIM: Laboratory, Paris 8 University (Technologies,

Handicaps, Interfaces and Multimodalities).
UMTS: Universal Mobile Telecommunications System
WLAN: Wireless Local Area Network.

Image and Vision Computing 16 (4), 1998, pp. 225-233.
[56] T. Shioyama, H. Wu, N. Nakamura, S. Kitawaki. Meas-

urement of the length of pedestrain crossings and de-
tection of traffic lights from image data. Measurement
Science and Technology 13(9), 2002, 1450-1457.

[57] J. Aranda, P.Mares. Visual system to help blind people
to cross the street. Proceedings of the 9th International
Conference ICCHP, Paris, 2004, pp. 454-461.

[58] D. Moreno Eddowes, J. Lopez Krahe.  Pedestrian Traf-
fic Light Recognition in a scene using a PDA. Pro-
ceedings of the 4th IASTED International Conference
on Visualization, Imaging and Image Processing.
Marbella, Spain, 2004, 578-583.

[59] P. Foucher, D. Moreno Eddowes, J. Lopez Krahe. Traf-
fic light silhouettes recognition using Fourier
descriptors. Proceedings of the 5th IASTED Confer-
ence on Visualization Imaging and Image Processing,
Benidorm, Spain, pp. 186-190, 2005.

[60] P. Foucher, G. Uzan, J. Lopez Krahe. Mobile Interface
to recognize pedestrian traffic lights: Needs and propo-
sitions. Human07: International Conference on Human
Machine Interaction- IEEE, Timimoun, Algeria, March
2007.




