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Navigation assistance for blind pedestrians:  

Guidelines for the design of devices and implications for spatial cognition.  

 

Summary 

 

In 2009, the World Health Organization estimated that 314 million people were suffering from 

visual impairment, 45 million of them being blind. Improving the autonomy of blind people is 

a particularly important societal issue as well as a fertile field of research, both from practical 

and theoretical points of view. For a few years, devices designed to help blind people to 

navigate independently in their environment have been found on the market. These devices 

aim at assisting or replacing functions impaired by the loss of vision using signal emission 

reception or satellite guidance technology. Rather than aiming to provide an exhaustive 

market survey, this book chapter intends to suggest relevant ways to improve navigation aid 

devices adapted to the needs of blind people. To do so, we first describe several electronic aid 

devices and their general functioning. This allows us to subsequently explore new 

perspectives for the development of improved systems. Finally, we look at the extent to which 

blind people’s spatial representations are improved by the use of such devices. 

 

Keywords: Blindness, autonomy, pedestrian navigation, guiding devices, GPS-based 

guidance, reference frames, allocentric, egocentric, spatial mental representation. 
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1. Introduction 

 

Moving independently in order to explore unknown areas of an urban environment is a 

cognitively complex task that requires many different capacities. Navigation from point A to 

point B can be seen as a three-step process. Step 1 is the preliminary planning phase: Before 

any physical action occurs, there is a need to plan the journey. To do so, travellers have to take 

into account their point of departure and their destination, compare the different routes linking 

these points and decide on the basis of criteria of distance, travel time, and safety, which is the 

best itinerary to follow. This process results in a mental route to follow that is made of turning 

points interconnected by road segments. After the preliminary planning phase, there is 

navigation itself, involving two distinct behavioural levels. Step 2 is global navigation, which 

consists in reaching various turning points composing the itinerary, remembering the direction 

to take at intersections and keeping that direction to stay on the road. Finally, step 3 is fine 

navigation, a short-term task which consists in avoiding unforeseen obstacles and 

overcoming difficulties (zebra crossings, traffic lights, cars, etc.). It should be mentioned that 

Step 3 could be considered as a sub-process of Step 2, as it is obvious that someone who does 

not successfully manage fine navigation will not be able to fulfil the global one. However, 

these two behaviours are clearly distinguished by the different perceptual, attentional, and 

motor processes involved in them. 

 

These three components of pedestrian navigation, which will be described in more 

details in the subsequent sections, are selectively hampered by the lack of vision. Indeed, 

sighted people usually deal with the preliminary planning phase by using a map, whereas 

global navigation is achieved through distal information made available by vision, which also 

allows identifying obstacles to avoid on the road. An effective navigation aid device for blind 
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people on the move is therefore expected to overcome the lack of vision for each of these 

three components, in indoor as well as in outdoor environments.  

 

Offering to blind people alternative ways to have access to the spatial information 

normally conveyed by vision relates to some of the most exiting challenges in the field of 

spatial cognition. For instance, developers have to address the role of prior visual experience 

on the spatial cognition abilities of early and late blind individuals when aiming at providing 

them with guiding tools that are efficient in compensating for their respective impairments 

(Pasqualotto & Proulx, 2012). More specifically, offering a verbal description of the spatial 

environment as an alternative to the traditional map-based preliminary planning phase raises 

the issue of the characteristics of linguistic materials, which  – at least for some – are 

considered to be modality-specific (e.g., Klippel & Montello, 2007; see also Avraamides, 

Mello, & Greenauer in the present book). The development of electronic guiding devices is 

also closely related to the progress made in the field of formal models, as spatial 

environments have to be recorded and efficiently described by computers in order to provide 

users with relevant spatial information (see Barclay & Galton and Kordjamshidi, Hois, van 

Otterlo, & Moens in the present book). 

 

2. Commercialized systems  

 

2.1 Preliminary planning phase 

It is particularly important for a blind person during the preparation of an errand, to have 

information on the general shape of the itinerary and on the landmarks involved in it. The 

availability of this kind of information can reduce fear and feelings of anxiety due to 

navigation in an unknown environment and can therefore allow a better use of available 
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cognitive resources, which may then be allocated to the navigation task itself. The most 

complete alternative to the traditional visual maps conventionally used by sighted people are 

audio-tactile maps (Miele, Landau, & Gilden, 2006; Parkes, 1988).  

 

For some time now, it has been possible for blind people to generate from home, via 

specific software, the purely tactile map of a new place they want to explore. It is possible to 

emboss this map at home when having the required equipment. Such map contains relief 

streets in its centre and their corresponding Braille labelling in the periphery. Tactile maps 

have been proven efficient in environment learning by several studies. Ungar, Blades, 

Spencer, and Morsley (1994) compared the performance of visually-impaired children (aged 

from 5 to 11) who were asked to learn an environment made of toys displayed randomly 

across the floor of a large hall either by direct exploration or by exposure to the tactile map of 

the environment. Blind children learned more accurately from the tactile map than from direct 

exploration. An advantage for tactile map learning was also reported in an ecological 

environment by Espinosa, Ungar, Ochaita, Blades, and Spencer (1998). Blind adults were 

asked to learn an approximately two-kilometre route in downtown Madrid and to reproduce it 

later while making direction estimations between locations on the route. The participants who 

learned the route with tactile map and direct exploration performed better than those who only 

resorted to direct exploration, and this was the case for both route knowledge and direction 

estimations. 

 

The problem of a purely tactile map is that the space available to include Braille 

information is limited. As a consequence, not all street names are listed, and in addition there 

is a lack of information about points of interest. This is the reason why a lot of efforts are 

made on the implementation of audio-tactile maps at home. Audio-tactile maps require, in 
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addition to a specific printer, the acquisition of a graphic tablet. As the tactile relief map of a 

desired geographical area is superimposed on the map displayed on the tablet, it becomes 

possible to pinpoint a street segment to get its name (multiple clicks may be used to provide 

additional information such as segments’ length or the precise spelling of a street’s name). 

These cards are considered as being a valuable tool for the planning phase, but overall, audio-

tactile maps have important financial and temporal costs. 

 

A study by Golledge, Marston, Loomis, and Klatzky (2004) on blind people’s wishes 

about the functionalities of a navigation aid device shows that even if audio-tactile maps are 

considered as being acceptable tools for preparing an itinerary, they are requested by less 

interviewees than simple verbal information about the route. Indeed, those interviewed by the 

authors asked for vocal information prior to displacement, instructions on length and number 

of segments composing the itinerary, the number of turning points it contains, as well as the 

size of the angles formed at reorientation points. More detailed information such as 

landmarks, potential obstacles, and audio and podo-tactile cues present on the itinerary are 

also considered useful. When they were asked about their usual way of having access to such 

information, blind people answered that they obtain it mainly by asking other people. Still 

regarding preferences, Golledge et al.'s study also revealed that blind people would like a 

system in which requests are entered using vocal communication. Instructing the system 

verbally was better accepted than any other proposed means (such as phone keypad, computer 

keyboard, or Braille keyboard). For output information, the desired means of transmission 

were also verbal. These systems  were in the order, a small loudspeaker mounted in a necklace 

or attached to the shoulder, bone conduction headphones, or a simple headset. The most 

undesired output is a Braille keyboard or conventional headphones covering both ears.  
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2.2 Global navigation 

GPS-based guidance systems for blind people have been available on the market (especially 

in the United States) for a few years now. Rather than providing an exhaustive market survey, 

this book chapter focuses on the presentation  of existing system’s overall functioning (see 

Roentgen, Gelderblom, Soede, & Witte, 2008, for a complete review) and suggests means for 

their potential improvement. In addition, this chapter focuses on GPS-based technologies and 

not on mere visuo-tactile or visuo-auditory conversion systems (for a recent review of these 

sensory substitution devices, see Auvray & Myin, 2009; for a discussion on their implications 

on spatial cognition, see Auvray, Hanneton, Lenay, & O’Regan, 2005). Among the best-

known systems, it is worth citing BrailleNote GPS and Trekker, both built by the HumanWare 

Group. These products have recently been subject to scientific evaluation by an American 

foundation, the National Federation of the Blind (NFB's Access Technology Staff, 2006) and 

by Denham, Leventhal, and McComas (2004).  

 

The BrailleNote GPS system consists of a Braille PDA connected to satellite receptors. 

Several CDs containing maps of various regions of the United States are provided with a flash 

card on which the software is installed. It allows users to easily create, store, and erase both 

pedestrian and road trips. It offers a certain number of options: It can compute the way back 

to departure point and allows users to choose between clockwise or more traditional left/right 

directions or even between a detailed presentation of all the crossroads along a defined path 

and a simpler presentation of the directions to follow. A storage system for categorically 

sorted points of interest (e.g., hotels, restaurants, hospitals) offers the possibility to use these 

points as additional information for navigation or to enter one of them as a destination. 

Finally, these points of interest and street names are available both during real-time navigation 

and the home trip-planning phase through an “exploratory mode”. The NFB underlined in its 
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assessment that BrailleNote is a system providing good flexibility and ease of use but 

regretted that it is not currently possible to print or emboss a created route at home. Denham 

et al. (2004) reported a great variability in the accuracy of information given in order to access 

points of interest, but stressed that it is a valuable tool for obtaining information on a given 

geographical area. 

  

Figure 1: Illustration of the commercial device “BrailleNote GPS” by the Humanware Group. 

  

Another well-known navigation aid device, Trekker is composed of a PDA containing 

geographical maps, software to install, a wireless GPS receiver, an external speaker and a 

Velcro belt to hold together all these elements. Like BrailleNote, it allows users to find their 

current position and search streets and points of interest as they move, and it also allows them 

to choose between pedestrian and driving modes, and between online and home modes. It 

provides detailed information about crossroads (e.g., number of segments, type of 

intersection). Input interaction is made through contextual buttons and Braille keyboard. 

Output interaction is purely verbal through the external speaker that provides clear sound 

perception and does not block environmental sounds. This device was judged by NFB as 

having good pedestrian guiding qualities, a very useful option that describes streets and 

intersections, and as being easy to use due to the similarities with widely-used Microsoft 

Windows menus. However, the wide variety of menus and options available were said to 
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make menu browsing tedious. In addition, the use of Braille as input for instructions was not 

acknowledged as being the most practical or the fastest way to interact with the system. 

 

Figure 2: Illustration of the commercial device “Trekker BREEZE” by the Humanware Group. 

 

NFB’s evaluation of navigation aid devices also included a section dedicated to the 

limitations common to all GPS-based systems. Indeed, there are inherent problems associated 

with the use of this technology. For example, a GPS receiver does not work 100% of the time, 

but only when satellite coverage is satisfactory (the receiver needs to communicate with 

multiple satellites to provide an optimal signal). Climatic conditions and users’ location can 

also affect the quality of geolocalization as the signal is not easily accessible when the 

weather is cloudy or when the user is indoors or trapped between tall buildings. The maps 

used by the system must be regularly updated to avoid becoming obsolete, and even if they 

are updated, it is very difficult to integrate information about roadworks or traffic conditions. 

Finally, the authors highlight the problem of energy dependence: The onboard batteries are 

heavy, have limited life duration, and must be recharged quite often in order to accompany 

users until the end of their course. These limitations have a detrimental effect on blind 

people’s autonomy and the subsequent sections will highlight relevant ways of overcoming 

them.  
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2.3 Fine navigation 

In addition to guiding dogs and white canes, electronic systems can help avoiding potential 

obstacles littering the route. For instance, Farcy, Leroux, Jucha, Damaschin, Gregory, and 

Zogaghi (2006) presented two of those systems, developed by their research team, “Tom 

Pouce” and “Télétact”.  

 

The Tom Pouce technology allows its users, through an infrared light 

emission/reception system, to be warned by a vibration of the presence of an obstacle with 

about 20% error in the distance. The device is fixed on the white cane and has a horizontal 

angular resolution of 20° (corresponding to an average shoulder width) and 50° vertical (to 

protect from the knees to the head, under knees protection being insured by the cane itself). 

The device is adjustable to detect obstacles located at 50cm, 1.5m or 3m, depending on the 

user’s preference. Being based on light reflection, the limits of this device are a late detection 

of small black objects (that do not reflect enough light) and a too early detection of reflective 

road signs.  

 

Télétact uses laser beams to detect obstacles. This system is able to provide the 

distance to an obstacle with 1% error in an area ranging from 10cm to 10m from the user, the 

distance being encoded in more or less intense vibrations, or with a melody whose pitch and 

rhythm are based on distance. The main limitation of this system lies in its difficulty of use, 

because the detection of obstacles requires a manual scan of the environment that has to be 

learned by the user. 
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Figure 3: Left panel: First generation of the commercial device “Tom pouce”. Right panel: Second generation of 

the commercial device “Télétact II” (retrieved from Farcy, R., Leroux, R., Jucha, A., Damaschini, R., Grégoire, C., & 

Zogaghi, A. (2006). Electronic travel aids and electronic orientation aids for blind people: Technical, rehabilitation and everyday life 

points of view. In M. A. Hersh (Ed.), Proceedings of the Conference & Workshop on Assistive Technology for Vision and Hearing 

Impairment (CVHI 2006)). 

 

There are many other obstacle detection devices, running on the same principle 

(emission/reception of ultrasounds or light signal and tactile communication) such as the “Bat 

K” sonar (Bay Advanced Technologies, Kay, 1964) but it is acknowledged that none of them 

can replace the white cane or dog. Besides, many of these devices are fixed directly on the 

stick, as a detection complement.  

 

 

3. Systems under development, global navigation, and guidance means 

 

So far, navigation aid devices handle the planning phase on their own, based on points of 

departure and arrival triggered by users. Moreover, to avoid obstacles, blind people prefer to 

use a white cane or a guiding dog rather than the available fine navigation aid devices. 

Research teams interested in assistance for blind pedestrians therefore mainly focused on 

investigating global navigation in recent studies. Technology is making progress in this 

direction and new means of improving global navigation are under investigation in several 
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research laboratories, with the aim of developing more optimal devices, adapted to the needs 

of blind people. 

 

There are different ways to guide a person to a predetermined point in space such as 

RFID (Radio Frequency Identification) or RIAS systems (Remote Infrared Audible Signage) 

which allow users holding in their hand a signal-sensitive device to be guided to specific 

points emitting the signal like a bus stop, a cab phone, or a store. However, these systems 

require a heavy pre-installation of the areas in which navigation will take place. Most of the 

progress made in global navigation therefore relies on the development of satellite guidance 

technology. The idea of using GPS navigation to help blind people find their way has been 

independently suggested by Collins (1985) and by Loomis (1985). In particular, Loomis and 

his colleagues have been very active in this research area, especially regarding the 

development of an efficient guidance interface for blind people called Personal Guidance 

System (PGS). 

 

Figure 4: Left panel: Illustration of the version of the Personal Guidance System developed between 1992 and 

1995. Right panel: Miniaturized version of the system developed between 1999 and 2000. (Retrieved from 

Loomis JM, Klatzky RL, Golledge RG. Navigating without vision: basic and applied research. Optom Vis Sci 2001;78:282-9. ©The 

American Academy of Optometry 2001.) 
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To evaluate these devices, the tests usually consist in asking blind participants to 

follow a route made of segments and shift points while experimenters measure travel time, 

walking speed, and the distance travelled. Together with post-experimental questionnaires 

about the ease of use, comfort, and feeling of safety provided, these measures allow to assess 

the potential of several guidance interfaces based on GPS technology.  

 

3.1 Audio-based guidance systems 

A number of studies have been conducted by Loomis and his colleagues to assess the 

effectiveness of their device, the Personal Guidance System. With a binaural headset, it is 

possible to emit spatialized sounds in the users’ ears, so that they are perceived as coming 

from a precise location in the environment. The idea is that this type of signal is a direct 

perceptual signal that does not require additional cognitive processing as opposed to speech 

signals.  

 

Loomis, Golledge, and Klatzky (1998) compared the virtual sound guidance mode to 

three more classical speech-based guidance modes with tests performed on planned routes in 

open areas of the campus of the University of California in Santa Barbara. The common basis 

of these guidance modes were the following: The system included a GPS module able to 

transmit and receive satellite signals, a back-packed computer containing a Geographic 

Information System (GIS) to locate the users in space, and an orientation sensor (electronic 

compass) to know at any time in which direction the users are moving. In the “virtual” mode, 

the compass was fixed to a helmet and was therefore located on the users’ heads, who could 

hear verbal information (the number corresponding to the next turning point) coming from the 

turning point they need to reach. The sound’s intensity gradually increased as users got closer 

to their goal. When users entered a five-meter radius virtual circle around the turning point, 
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they heard a virtual sound coming from the next turning point. In the “left / right” mode, the 

compass was fixed on the users’ chests and allowed the path followed by them to be corrected 

by sending verbal signals through the headset (“left”, “right”, or “straight”). The “bearing” 

mode was the same as the one described above with additional verbal information concerning 

the angle of rotation to be made by users to face the next turning point (“left 80°”). Finally, 

the “no compass” mode was the same as the bearing mode except that the information on the 

direction taken by users did not result from compass data, but from the extrapolation of two 

successive GPS position points (which involves that if the user stops moving, the system is no 

longer able to send information).  

 

Recordings of the time taken to complete the travel indicated that the best guidance mode 

among those tested here was the “virtual” mode, which gave a shorter travel time than the 

other three. Moreover, the preference orderings showed that five out of the eight participants 

from whom rankings were obtained liked the best the “virtual” mode. . The guidance mode 

causing the longest travel times and worse subjective judgments was the “no compass” mode. 

This experiment highlighted the need to use a compass to keep information regarding the 

direction taken by users and the interest of using virtual sounds to guide pedestrians. 

 

 A second experiment conducted by Loomis, Marston, Golledge, and Klatzky (2005) 

introduced a new guidance interface called “Haptic Pointer Interface” (HPI), based on the 

RIAS system. Users carried in their hands a box that was connected to an electronic compass. 

When the users’ hand made an angle of less than 10° around the next turning point, the 

computer emitted beeping sounds through a loudspeaker attached to the chest. This 

experiment compared five guiding systems, two of them based on virtual sounds (using a 

binaural headset) and the other three based on the HPI (using speakers). The “virtual speech” 
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mode was the same as the virtual mode of the previous experiment except that users heard the 

distance that separated them from the next turning point instead of the corresponding number. 

The “virtual tone” mode guided users by emitting a spatialized beep. The “HPI tone” emitted 

beeps when the hand pointed to the right direction (less than 10° from the turning point). The 

“HPI speech” system gave verbal instructions (“straight” if the hand pointed in the right 

direction, “left” or “right” when the hand deviated by more than 10 degrees from the turning 

point). Finally, the “body pointing” mode was similar to the “HPI tone” but instead of the 

hand, it is the body that was taken into account to calculate the direction. The distance to the 

next turning point was given orally every 8 seconds for all systems (additionally to other 

information types), except for the “virtual speech” which gave this information continuously.  

 

The efficiency of virtual sound guidance was thus confirmed by this experiment, since 

the “virtual speech” mode induced the shortest travel times. Coming next is “virtual tone”, 

then “body pointing”, “HPI speech”, and finally “HPI tone”. If different guidance modes 

prompted different travel times, the distances covered were similar with all modes, indicating 

that the systems were equally efficient when it comes to following a trajectory. Therefore, 

turning points were the precise location where time was saved thanks to virtual systems. 

Indeed, whereas with a pointing system (hand or body), users needed some time to find the 

direction of the next turning point, it was immediately available to their ears with a virtual 

audio guidance system. Subjective judgments made by participants suggested that each 

system has its advantages and disadvantages. Manual pointing was considered easier than 

body pointing, but had the disadvantage of occupying a hand (knowing that most of the time 

the other hand is already occupied with a white cane or guide dog). The virtual sounds had the 

advantage of being quickly informative and leaving the hands free, but the requirement to use 

a headset for binaural rendering (while other systems use speakers) disrupted the perception 
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of environmental sounds, which was perceived as being a real issue by blind people. Finally 

the presence of verbal information was appreciated because it is informative, but it required 

more attention than hearing simple beeps.  

 

With respect to the use of such devices in ecological conditions, a study by Marston, 

Loomis, Klatzky, Golledge, and Smith (2006) aimed at moving the tests from controlled 

environments (campus) to everyday structured environments (buildings blocks structured by 

walls and sidewalks vs. city park). The study also aimed at comparing the “HPI” mode to a 

“virtual sound” mode improved by using an air-tube headset, which does not block 

environmental sounds. In addition, the experimenters gave their participants the opportunity 

to choose when to enable audio information. The two systems (HPI and virtual sound) 

provided satisfactory results in both types of environment, with however a non-significant 

advantage in favour of the virtual sound mode. The authors underlined that in the building 

block environment, which is structured by roads and sidewalks, participants tended to use less 

sound information than inside the park, which is less structured. Participants evaluated very 

positively the sound produced by air-tube headsets, they rated it as “not blocking external 

sounds” (mean of 4.5 on a 5 point scale where 1 = strongly disagree and 5 = strongly agree) 

and considered that a commercialized guidance system should offer this kind of sound 

reproduction (4.65). 

 

In order to determine how attentional resources are allocated, Klatzky, Marston, 

Giudice, Golledge, and Loomis (2006) highlighted what appears to be a considerable 

advantage for virtual sounds over language. In “normal” navigating conditions (the only task 

is to reach a point B from a point A), a verbal information guidance mode (“left”, “right”) 

resulted in similar performance to the one obtained with a spatial sound mode. However, the 
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latter turned out to be superior to the verbal mode when the navigation interfered with a 

distracting task (here, N-back task: Report in a scrolling list, the appearance of the same item 

with N-intervals, the values of N varying in order to increase or reduce the cognitive load). 

Indeed, travel times and travelled distances were shorter and the distracting task performance 

was higher with spatialized sounds than with speech guidance. Therefore, it appears that 

spatial sounds are being processed at a perceptual level, whereas language requires additional 

cognitive mediation. Due to lower cognitive load, spatial sounds allow to free some cognitive 

resources that can therefore be allocated to another task, such as talking with someone else 

along the way, keeping a shopping list in mind, or getting ready for an appointment.  

 

A study conducted by Walker and Lindsay (2006) investigated the effect of the type of 

sound used for guidance (sonar pulse vs. pure sine wave vs. burst of pink noise), the effect of 

the size of the virtual circle around the turning points (0.5m, 1.5m, or 15m), and the learning 

effect (analysis of progress made along three different paths). The recordings of the time taken 

and the distance travelled led to the following conclusions. First, this study confirmed that a 

virtual sound efficiently guides pedestrians, as all participants managed to go to the end of the 

three paths. It also showed a significant improvement in performance with experience, as 

participants (blind people without previous visual experience) were faster and covered less 

distance as successive tests occurred. The results revealed a significant improvement between 

the first and the second test and between the second and the third one, which indicates that the 

threshold for optimal learning was not achieved during the three sessions and thereby that 

performance can still improve. As expected (based on the sound spectrum), the pink noise 

brought about the best performance, but this effect did not reach the significance threshold. 

Finally, the size of the virtual circle around the turning point seemed to have an influence on 

the time taken and the distance travelled. The authors found that a medium-sized circle (about 
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the size of a human step) is the safest solution (even if it is not the one leading to the shortest 

travel time). Indeed, it is easy to walk outside of the circle if it is too small, which may lead 

the user to turn around and waste time. In addition, even if the existence of a big circle saves 

time because it is easier to find, making turns too early in an urban context can lead walking 

straight into a wall or crossing the street in the wrong place. In conclusion, it seems that 

learning effects and the effects of the circle size have a greater influence on performance than 

the type of sound used for guidance. 

 

3.2 Tactile guidance systems 

Audition is not the only sensory modality that has been tested as a means of guidance. 

Marston, Loomis, Golledge, and Klatzky (2007) have tested the efficiency of two guidance 

systems, one based on sound, the other one on touch (via a vibrating motor attached to the 

waist). The two of them had a binary functioning: They sent a stimulus when users were 

moving toward the correct direction (“on-course cue”) or otherwise when they moved away 

from the correct direction (“off-course cue”). This binary guidance system was efficient 

because it gave travel times that were similar to those obtained with previously tested 

systems, with equal performance for the tactile system and the sound system. Moreover, it 

was well accepted by users who agreed (mean of 4.9 on a 5-point scale) that this type of 

guidance should be available as an option on a commercial device. However, this binary 

guidance mode cannot be used as the only means of communication between the system and 

its user as the addition of verbal information is sometimes necessary (such as street names), 

but it has the advantage of being very simple and not requiring too many attentional 

resources. 
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The use of tactile stimulation for navigation aids has also been investigated by a team 

of German researchers who first presented the functioning principles of their system (Henze, 

Heuten, & Boll, 2006). The latter consists of a GPS navigation module added to a belt 

equipped with an electronic compass and six vibrating motors that can be activated 

individually or simultaneously with variable intensities of vibration for a greater accuracy. 

The computing of the users’ location and itinerary is supported by the system, which reduces 

the cognitive load associated to map information processing. The use of a tactile device has 

the advantage of providing a directly interpretable stimulation (like virtual sounds) without 

clogging the ear canals and remaining relatively unobtrusive.  

 

Heuten, Henze, Boll, and Pielot (2008) subsequently presented the results of an 

experimental test of their tactile device. The authors measured the accuracy in the perception 

of direction and the efficiency of assistance provided by the device in terms of guidance in a 

real environment. The tests revealed that participants perceived the direction indicated by the 

system with an average error of 15° of angle. The accuracy was strongly dependent on angle 

difference between body orientation and position of the vibration motor providing 

stimulation. Indeed, the six engines were placed around the waist 60° away from each other, 

which led to good performance when the orientation to perceive was close to one of the six 

engines and to a lower accuracy when it occured between two engines (in this case, the 

respective intensity of the vibration of the motors adjacent to the direction had to be taken into 

account, which strongly complicated the interpretation of the direction). Humans’ ability to 

perceive tactile stimulations has to be taken into account. It turns out that the tests showed 

greater accuracy when the to-be-collected stimuli were in front of the body rather than in the 

rear, which is a happy coincidence, since it is very rare to move backwards in a navigation 

task. 
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Heuten et al. (2008) evaluated the efficiency of their device with blindfolded sighted 

participants in a tracking task on a predefined itinerary, in an open environment (no path to 

follow or specific landmarks) in which were recorded the average deviation from the original 

itinerary and the total time course. Two different itineraries were tested, one with angular 

corners, the other with long curves. The walking speeds were respectively 3.0 and 3.3 km/h 

and deviation averages with respect to predefined paths were 6.57 and 7.21m, respectively. 

The authors underlined the fact that this precision could be improved. First, tactile stimulation 

corresponding to the next point of reorientation was given when users entered a circle of 15m 

around a point. Then, there were no landmarks like walls or sidewalks along the path tested. 

Reducing the diameter of the circle and adding landmarks to the itinerary could therefore help 

guide blind people in a more efficient way. However, these studies revealed that a purely 

tactile stimulation is sufficient to transmit GPS information to a pedestrian in an intelligible 

way. 
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Table 1: Summary of the main characteristics of the navigation devices. 

 

 Name 
Sensory 

modality 

Information 

received by 

users 

Transmission 

device 
Advantages Disadvantages 

F
in

e 
n

av
ig

at
io

n
 a

id
 

d
ev

ic
es

 

Tom Pouce Touch 
Manual 

vibration 

Vibrator fixed 

on a white cane 
Easy to use 

Numerous 

detection errors 

Télétact 
Touch / 

Audition 

Manual 

vibration / 

Musical sounds 

Vibrator / 

Speaker fixed 

on a white cane 

Precise obstacle 

detection 

Difficult to use, 

requires important 

learning 

E
x

is
ti

n
g

 d
ev

ic
es

 

BrailleNote 

GPS 

Audition / 

Touch 

Verbal language 

/ Braille 

language 

Speaker / 

Keyboard 

Complete 

environmental 

description 

High level of 

attentional 

resources needed, 

draws attention on 

user 

Trekker Audition Verbal language Speaker 

Complete 

environmental 

description 

High level of 

attentional 

resources needed, 

draws attention on 

user 

D
ev

el
o

p
in

g
 d

ev
ic

es
 

Auditive 

PGS 

(Loomis et 

al., 2005) 

Audition Binaural sounds 
Binaural 

headset 

Effective guidance, low 

level of attentional 

resources needed 

Covers both ears, 

transmits limited 

information 

Tactile PGS 

(Marston et 

al., 2007) 

Touch Binary vibration Simple vibrator 

Effective guidance, low 

level of attentional 

resources needed 

Transmits limited 

information 

Tactile 

Wayfinder 

(Heuten et 

al., 2008) 

Touch Hips vibration 
Vibrating belt 

with 6 motors 

Effective guidance, low 

level of attentional 

resources needed 

Transmits limited 

information 

NAVIG 

(Katz et al., 

2010) 

Audition 

Verbal language 

/ Binaural 

sounds 

Binaural 

headset 

Effective guidance, low 

level of attentional 

resources needed, 

complete environmental 

description 

Covers both ears, 

heavy equipment 

 

 

4. GPS, spatial representations, and frames of reference  

 

A new generation of navigation devices should be available soon to the public and provide 

assistance to blind people in their daily actions. However, from a fundamental point of view, it 
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seems necessary to consider the long term impact that the use of a navigation assistance 

device may have on mental representations of the environment. While it is generally 

acknowledged that the use of GPS helps people form better spatial representations of their 

environment, the opposite effect can sometimes be observed. Giving undue reliance on a 

guidance system that computes itinerary itself may well result in following instructions in a 

passive way without proper encoding of spatial relations linking the various geographical 

elements. This would result in strengthening the spontaneous tendency of blind people to 

adopt an egocentric perspective, in contrast to an allocentric perspective. 

 

4.1 Egocentric and allocentric reference frames in navigation tasks 

Two well contrasted frames of reference are distinguished in spatial cognition: An egocentric 

and an allocentric reference frame (O'Keefe and Nadel, 1978, see also, Tversky, 2003). The 

way an itinerary is described (route vs. survey description) is expected to orient an individual 

towards an egocentric or an allocentric reference frame (see Avraamides, Mello & Greenauer, 

and Taylor & Brunyé in the present book). Route descriptions consist in sequences of 

instructions specifying the changes in direction that people must make to reach their 

destination (e.g., “turn left”, “walk 150 meters”, “turn right”). It is characterized by a serial 

aspect whose direct consequence is that if users omit one instruction, they will be lost and 

therefore unable to reach their destination. These route descriptions are not flexible and 

cannot be reorganized. They are based on an egocentric reference frame, as opposed to survey 

descriptions, which are based on an allocentric reference frame. The latter involves 

knowledge of spatial relations that unite the various elements of the environment regardless of 

the observers’ position.  
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The chapter by Taylor and Brunyé in this volume offers an extensive overview of the 

differences between route and survey perspectives. The authors crucially highlight that 

perspective switching and spatial inferences generation are critical skills for spatial problem 

solving; two behaviors that are allowed by the use of a survey perspective. An efficient 

allocentric representation of space would  allow one to mentally explore an environment, as 

opposed to physically explore it, and would consequently allow reorganization of itineraries 

such as alternative routes or shortcuts. Benefits from taking that kind of perspective have been 

experimentally confirmed (Brunyé & Taylor, 2008a; Brunyé, Rapp & Taylor 2008) 

The construction of an allocentric representation, of a city for example, requires full 

integration of the various paths known in this city, and the inclusion of such knowledge in a 

geographic perspective using the cardinal directions. This construction is a cognitively 

difficult process and is, in sighted people, greatly facilitated by the use of the visual modality, 

as it allows a multiple and simultaneous perception of spatial elements, even if they are 

distant. According to Millar (1994), it is the perception of distal elements that allows encoding 

spatial relations between elements of the environment, and therefore allows the construction 

of an allocentric reference frame.  

 

4.2 Blindness and reference frames 

In case of partial or total lack of vision, the construction of surrounding areas is performed by 

integrating information from other sensory modalities. Blind people mainly use podo-tactile 

(e.g., walking on a lawn, then a road, then on pavement), kinaesthetic (such as air brushing 

the skin and vestibular information), and auditory information (such as sounds coming from 

the cars or traffic lights) to visualize mentally the paths they follow. This multisensory 

integration, since it is based on sequentially collected information, involves a high cognitive 

and temporal cost. 
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The lack of distal information associated to multisensory integration cost leads blind 

people to rely on egocentric navigation strategies rather than on allocentric ones. This 

tendency explains why blind people are more likely to organize spatial information in a route 

form rather than in a survey form. Noordzij, Zuidhoek, and Postma (2006) tested the qualities 

of mental representation constructed by blind and sighted people on the basis of a verbal 

description. The environment (a zoo) was described either from an egocentric (route 

description) or an allocentric point of view (survey description). The results of this study 

suggest that blind people’s mental representations constructed on the basis of a verbal 

description share the same metric properties as those constructed by sighted people. In a 

priming task, participants were presented with two animal names that were either present or 

absent from the original description. The participants’ task consisted in judging as fast as 

possible if the second animal was actually present in the zoo. Just like the sighted, when both 

elements were really parts of the initial description, a priming effect occurred: The closer the 

two elements were geographically, the faster the participants responded. Moreover, and again 

as in sighted people, this proximity effect disappeared when the animals to be judged were 

close in text but far in space. The authors therefore concluded that blind people have a real 

spatial (and not only verbal) mental representation of verbally described environments. 

Another task consisted in comparing distances between elements of the environment. Again, 

the same effect was shown: The larger the difference between the two distances to be 

compared, the shorter the response times. The quality of the mental representation constructed 

by blind and sighted people appeared to be similar, that is, they share the same metric 

properties. However, and importantly, the analysis of the effects of the different types of 

description revealed that blind participants constructed a more robust spatial representation 

from a route description, whereas sighted people performed better with a survey description. 



 Navigation assistance for blind pedestrians   25 

 

 

 

 

Other findings from experiments on the acquisition of spatial knowledge via 

locomotion are in line with this conception. They confirm that the route perspective imposed 

by locomotor experience is especially well integrated by blind people. Two recent studies 

used the mental scanning paradigm to assess the metric validity of the representation of 

distances based on locomotor learning. In the first study (Afonso, Blum, Katz, Tarroux, Borst, 

& Denis, 2010), participants learned the positions of objects in a room. Then, they were 

invited to mentally scan the distances separating pairs of objects. This task is classically used 

to assess whether or not the time required to scan a given distance is correlated with the 

corresponding actual distance. When such a correlation is found, it is taken as indicating that 

metric distances are effectively represented in the mind in an analogical format. Sighted 

people who have learned configurations of objects visually typically generated response times 

which reflect such positive correlation. The same was found when they learned these 

configurations from verbal descriptions. But when they learned the same set of inter-object 

distances from locomotor exploration in actual space while being blindfolded, they did not 

give any sign of time/distance correlation, which shows that they have not constructed any 

consistent internal representation in which distances would be represented. On the contrary, 

blind people’s responses did show a strong pattern of time/distance correlation, which attests 

that their motor experience has helped them build a realistic metric representation of 

configurations learned from an egocentric route perspective. Furthermore, the difficulty 

experienced by blindfolded sighted people was reflected by scanning times, which were 

consistently longer than those of blind people. 

 

The same finding was found by Iachini and Ruggiero (2010), who also investigated 

the strategies used by people while performing mental scanning following locomotor learning 
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of an environment. One strategy was described by the participants as placing focus on a map-

like representation of the learned configuration, without any reference to the experience of 

movement which was involved during learning. Another strategy was described as being 

based on the reconstruction of an image of the participants' own moving body along the paths 

and the revival of the kinaesthetic feeling associated to it. The relevant point here is that the 

kinaesthetic strategy – which is inherently associated to the route perspective – is the 

dominant strategy of blind people when they evoke the paths via mental scanning, and even 

still more markedly in congenitally blind people. This finding, again, is consistent with 

Millar's (1994) hypothesis that the egocentric perspective is privileged by blind people when 

they encode spatial relations among objects. As a result, blind people are strongly biased 

towards forming route-based sequential representations when processing spatial information. 

 

The use of an egocentric perspective is sufficient to succeed in numerous spatial tasks, 

which explains why sometimes similar performance was found between sighted and blind 

individuals. To give some examples, Rieser, Gum, and Hill (1986) and Loomis, Klatzky, 

Golledge, Cicinelli, Pellegrino, and Fry (1993) compared spatial memory performance in 

blind and blindfolded sighted participants. With respect to the task, Loomis et al. (1993) 

accompanied the participants in their study along a straight or curved path, which people were 

subsequently asked to reproduce. Rieser et al. (1986) guided the participants in an unfamiliar 

environment, from a departure point to six other places marked by the presence of objects that 

people would later have to point at with their finger. In these two experiments, no significant 

difference was found between the performance of blind and sighted people. These findings 

suggest that visual deprivation, whether congenital or acquired, has little or no effect on the 

estimation of directions and distances between elements of an area that has been physically 

explored. Indeed, the reproduction of a physically experienced itinerary is based on 
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kinaesthetic and vestibular memory, corresponding to an egocentric frame of reference. 

However, when the task involves performing a change of perspective or spatial inferences, 

differences between sighted and blind people appear. In their experiment, Rieser et al. (1986) 

also tested the quality of the encoding of spatial relations that had not been physically 

explored. In the absence of any possibility to reproduce a path through vestibular and 

kinaesthetic memory, congenitally blind people did not perform as well as sighted and late 

blind individuals. 

 

Blind people are oriented to the use of an egocentric encoding of space, a strategy 

sometimes poorly suited to solve complex spatial problems. If the egocentric representation of 

space is the perspective blind persons adopt by default, this does not mean that they are 

unable to adopt an allocentric perspective. Tinti, Adenzato, Tamietto, and Cornoldi (2006) 

compared performance of blind and blindfolded sighted people on several tasks involving an 

allocentric reference frame (path completion, directions and distance estimation, map 

drawing). In this particular experimental context (explored environments were restricted in 

size and sighted participants had to use a white cane because they were blindfolded), the 

authors observed better performance in blind people as compared to sighted people. While 

this finding should not be interpreted as indicating that blind people have better spatial 

representations than sighted people, it appears from this experiment that early visual 

experience is not a necessary condition for the construction of complex spatial 

representations.  

 

4.3 Virtual sounds to represent distal elements 

It has been suggested that one of the main constraints leading blind people to the use of 

egocentric strategies is the lack of distal information (Millar, 1994). Subsequently, studies 
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tested the efficiency of environmental sounds as auditory landmarks (i.e., a functional 

equivalent to Millar’s visual distal object) in navigation tasks. Morrongiello, Timney, 

Humphrey, Anderson, and Skory (1995) evaluated spatial knowledge in 5 to 9 year-old 

blindfolded-sighted and congenitally-blind children. Participants had to move in a large-scale 

environment containing four distinct objects and were asked to remember the objects’ position 

in order to reach them when they were asked to. Participants performed the task in two 

conditions: Without, and then with an auditory landmark (a metronome placed next to one of 

the four objects). As performance was better (in terms of both position accuracy and path 

efficiency) with the auditory signal setting at every tested age, the authors concluded that 

auditory landmarks can serve as a point of reference to help people keep track of their 

position while moving, allowing them to form a better survey representation. However, it 

should be mentioned that, in this study, the landmark condition was always performed after 

the no-landmark condition (in order to avoid learning effects in the no-landmark condition). 

Thus, this conclusion has to be taken with a pinch of salt. Nevertheless, the sharp increase in 

performance levels following the introduction of the landmark suggests that sounds can be 

used as distal elements in the construction of a survey perspective. 

 

A set of experiments using binaural sounds in order to represent distal cues in a virtual 

auditory environment revealed that allocentric strategies are more used by blindfolded sighted 

participants in the presence of an auditory distal cue (Gallay, Denis, Parseihian, & Auvray, 

2010). Although this result has to be extended to other situations, it suggests that this kind of 

option could be implemented in a navigation aid device designed for blind users. Thus, by 

using sound spatialization technology to compensate for the absence of vision, a navigation 

system can offer blind users the opportunity to "attach" virtual sounds to specific places of the 

environment (e.g., home, workplace, or even favourite hairdresser). These sounds can be 
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activated whenever the users want to get an idea of the direction and distance to these points 

they have chosen to bookmark. In the context of a long-term use, this option would allow 

blind people to connect the many fragmented pieces of information they have (several 

egocentric representations of the different paths known) for forming a more robust and more 

consistent spatial representation of the environment in which they live. 

 

It is worth mentioning that it also seems necessary to investigate the effects of the presence of 

auditory distal cues in a longitudinal approach. Indeed, the strengthening of the spatial mental 

representation of a complex environment such as a city requires a number of interactions with 

the environment, and therefore can only be observed in the long term. If this hypothesis 

proves to be true, the implementation of a such an option in navigation aid devices for blind 

people could not only help users perform their daily trips, but also eventually allow them to 

avoid the trap of GPS dependence, by getting rid of the guidance system and constructing a 

better, self-sufficient mental representation of their environment. 

 

 

5. Guidelines for developing aid devices 

 

The observations on existing and developing systems described in the previous sections allow 

us to draw some recommendations for the development of new guidance systems, that are 

more feature-complete and closer to blind users’ needs. To be more complete and more useful 

than a simple sequence of instructions, a navigation aid device for blind people should not 

only help in global navigation, but it should also help in route planning and fine navigation 

while using an intuitive and effective interaction system.  
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5.1 Preliminary planning phase 

In order to have access to information about navigation several means are possible. Among 

them, audio-tactile maps are very useful tools to plan a journey. They provide a great amount 

of spatial information and allow users to have a good mental representation of the 

environment. On the other hand, the use of such maps requires buying heavy and expensive 

materials and devoting time to the manual exploration of maps. A lighter and simpler solution 

can be considered to prepare journeys, such as a simple presentation of the overall directions 

and the names of the streets to be taken, but this aspect of navigation should not be neglected.  

 

The other aspect of route planning concerns the content of the information to be 

displayed. In order to better understand blind people’s habits and needs when performing 

pedestrian navigation in an unfamiliar environment as well as the influence of route planning 

on subsequent navigation, an ergonomic study was conducted in our laboratory (Brunet, 2010; 

Brunet, Gallay, Darses, & Auvray, submitted). Several blind people were followed by the 

experimenter during the execution of an urban navigation task, from the preliminary planning 

phase to the final point to reach. They were asked to explain each step of their usual trip 

planning and then to walk along the way, using the information they previously gathered and 

asking the experimenter if any information was missing. The main result, concerning route 

planning, was that everybody does not plan a trip in the same way. Three dominant strategies 

were identified: 1) individual planning with computer help, 2) planning with human help, 3) 

no planning at all, but asking other pedestrians for the way while navigating.  

 

These results suggest that, in order to fit different users’ needs and habits, a navigation 

aid system should allow them to choose between travel with or without a home planning 

phase. In addition, the information delivered on the go should differ depending on whether or 
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not there was a home planning performed by the user. For users willing to plan their trip, the 

system should provide clear information and users should be given the possibility to set the 

level of details they want in the instructions. It has been shown that minimal descriptions 

(e.g., “take Danton Street”, “take St-Germain Boulevard on the right”) are better stored by 

individuals than excessively detailed descriptions (e.g., “take up Danton Street till the second 

traffic lights and then turn right at the pharmacy on St-Germain Boulevard”; see Denis, 

Michon, & Tom, 2006). However, it may be useful for users to have additional information 

about points of interest present on the path (May I stop at the cash dispenser on my way to the 

store?), length of the segments (Should I keep going for 20m or 200m?), or angular size of 

turns to take.  

 

Concerning the grammar of verbal materials, it should be noted that route directions 

produced by visually-impaired people have features that differentiate them sharply from those 

of the sighted. Thus, some principles should guide their design. Undoubtedly, the most 

“friendly” verbal information that blind people may wish to assist them in spatial orientation 

is information provided by other blind people. The analysis of route directions generated by 

sighted people shows that they closely combine prescriptive and descriptive statements, that 

is, instructions to move and descriptions of the visual landmarks signalling the points where a 

reorientation must take place (e.g., Daniel, Tom, Manghi, & Denis, 2003; Denis, 1997; Denis 

& Fernandez in the present book;  Michon & Denis, 2001). The descriptive pattern is quite 

distinct for blind persons, whose route directions are essentially procedural, alternating 

progression and reorientation prescriptions, and referring to the limited subset of 

environmental features that are accessible to their perception. Interestingly, references to the 

segments’ length are typically more frequent in blind than in sighted people, and this of 

course must be taken into account when designing navigation aids for blind users. Even more 
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crucial are the reorientation instructions. While sighted people rarely refer to angular 

measures of the reorientations, blind people need detailed information on the geometrical 

configuration of an environment at turning points. Lastly, proprioceptive and vestibular 

information is conveyed in the blind's verbal route directions, as well as informative auditory 

patterns (such as on which side is the traffic in the street). Route instructions for blind people 

include features that are so specific that the navigational performance of sighted people using 

such instructions is poorer than that of blind people (Denis, 2006).  

 

In summary, taking these specificities into account would make for an efficient route 

planning, adapted to blind people’s needs. Such route planning will allow users, in the short 

run, to be reassured and thereby decrease the anxiety aroused by moving in an unfamiliar 

environment. In longer run, it will also allow users to form a better mental image of their 

environment. 

 

5.2 Global navigation 

Regarding output interaction, language is the means that is most requested by users. However, 

as we have seen earlier, several recent works (Loomis et al., 2006; Heuten et al., 2008) have 

revealed that there are many other existing means of guidance, such as virtual sounds or 

tactile guidance, each of them having specific advantages. Thus, it is for guidance itself that 

the choices to be made concerning the modality to use will be the most delicate. Indeed, one 

of the few points of agreement among developers is the following: The system must be able at 

any moment to know the orientation of the user's head, which requires the presence of an 

electronic compass. Otherwise, studies on pedestrian guidance have revealed that each 

guidance mode has its own advantages and disadvantages. The conventionally-used guidance 

mode (speaker giving verbal information) has the advantage of being complete in terms of 
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describing the environment and not to block the ear canal for good perception of external 

sounds. It has the disadvantage to cognitively saturate the user (verbal information involves a 

cost in time of presentation and a cognitive cost in processing; see Klatzky et al., 2006) and to 

draw other people’s attention to him or her. These problems would be solved by using 

binaural headset and spatial sounds to help reach turning points, because this combination 

represents a lower cognitive cost and provides quite effective guidance while significantly 

reducing the number of instructions to be given to achieve the goals and sub-goals. However, 

the use of virtual sounds necessarily involves the use of a headset covering both ears, 

something that blind people do not seem willing to accept (thereby raising the importance of 

testing the bone conduction and air-tube headphones). Finally, it seems possible to consider a 

purely tactile guidance mode, since it leads to quite similar performance to others, but it 

seems difficult to overcome verbal instructions, as many details such as street names or 

description of points of interest will necessarily require the use of language to be transmitted. 

 

In general, it seems that a good compromise would involve the use of virtual sounds 

for guidance (provided by a headset offering satisfactory levels of external sound perception) 

and the use of language for more complete descriptions. Developers have to keep in mind the 

goal of minimizing the amount of data provided and give only strictly necessary information, 

in order not to oppress the users, who should still have the opportunity to request more 

complete descriptions if they need to.  

 

5.3 Fine navigation 

With respect to fine navigation, aid devices are not yet able to replace the white cane or dog, 

but it is possible to combine them with the use of visual-to-auditory conversion systems 

(Auvray, Hanneton, & O’Regan, 2007; Hanneton, Auvray & Durette, 2010) or by obstacle 
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detection equipment (Farcy et al., 2006). Nevertheless, the systems currently developed 

should take into account the fact that one of the user's hands is occupied by the white cane or 

dog and must therefore limit the use of manual controls to the bare minimum to keep a hand 

free. Instead of using ultrasound and light beams, it is now possible to use artificial vision and 

object recognition technology to detect the presence of unexpected elements along the path. 

Two miniature cameras inserted in a pair of glasses can provide stereoscopic vision. 

Associated with object recognition software, such a device can allow object detection as fast 

as 10 milliseconds. In addition to detecting the presence of unexpected objects in the 

immediate vicinity, it should allow users to detect environmental targets such as mailboxes or 

walkways as well as helping indoor navigation by detecting walls, doors, and doorknobs (see 

the chapter by Barclay & Galton in the present book for further information on object 

recognition and description by machines).  

 

Furthermore, the use of artificial vision is expected to help reduce negative effects of 

GPS use. One of the most recurrent complaints made by users about GPS technology is that it 

often instructs the user to “turn right in 10 meters” whereas the target street has just been 

passed. Crossing information from GIS on the layout of streets and presence of points of 

interest (e.g., telephone booths, poles, bus stops) with environmental information received by 

cameras will, in certain cases of poor satellite reception, increase the accuracy of the users’ 

location by double checking data. It should be mentioned that the aim of combining the use of 

GPS, GIS, and object recognition technologies to help blind people with their everyday 

autonomy is at the core of the French project NAVIG (see Brilhault, Kammoun, Gutierrez, 

Truillet, & Jouffrais, 2011; Dramas, Oriola, Katz, Thorpe, & Jouffrais, 2008; Gallay, 

Parseihian, Denis, & Auvray, 2010; Katz, Truillet, Thorpe, & Jouffrais, 2010, for follow-up 

research on the project, see figure 5 for an illustration of the device). However, it is also worth 
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mentioning that a concern raised by such technology is to find a good compromise between 

available features and everyday use of the system. Indeed, a system consisting of a GPS chip 

and an object recognition camera connected by a laptop will offer great prospects for 

autonomy development of blind people but will raise the problem of powering all these 

devices and of course intrusiveness and discretion problems. 

 

 

 

Figure 5: NAVIG prototype including a GPS receiver, a stereoscopic camera, and a head motion tracking device 

mounted on a helmet. Microphone and headphones are used to transmit speech and audio information. 

 

5.4 Input interaction and interface 

Concerning user/system interaction and considering that Braille keyboard input interaction 

offered by several existing systems involves a high cognitive and temporal cost, other means 

of instructing the system have to be found. As arising from Golledge et al.’s (2004) study and 

from reports of blind users (Brunet, 2010), it seems more desirable to use a box with some 

simple buttons associated to contextual speech recognition software for effective input 
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interaction. In addition, system flexibility and the customization level are important points for 

ease of use. The system should offer many features such as the opportunity to save, reverse, 

and share itineraries created by users. It should also contain information about public 

transport networks in cities where it will be used (as well as any disturbances) and must 

provide access to a list of predefined points of interest (such as stores and monuments) while 

offering the possibility of creating new ones.  

 

Finally, developers have to keep in mind that all potential users have different needs 

and the system will have to adapt to these individual needs. Indeed, an already independent 

user having a good knowledge of the city will not need the same amount of information as an 

inexperienced user making a trip for the first time. Similarly, as suggested by Walker and 

Lindsay (2006), this type of aid device, will lead to significant learning effects, as people get 

used to it. This means that after a year, users will be able to get rid of pieces of information 

they no longer consider helpful. In general, as Golledge et al. (2004) pointed out, blind people 

seem to expect a high degree of customization of this kind of device. The virtual sound 

guidance for instance can be considered as particularly effective by some and very unpleasant 

by others who should then be able to replace the binaural headset and virtual sounds by a 

loudspeaker and verbal information. 

 

 

6. Conclusions 

 

This chapter described a variety of navigation aid devices developed for blind people. Such 

devices are useful to plan a trip, to retrieve information concerning the route to follow or 

points of interest while navigating in outdoor environments, or even to avoid obstacles along 
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the way. Taken together, technology advances and innovative research projects may soon offer 

to blind people new opportunities to improve their autonomy in their daily life. 

 

The use of personalized navigation planning phases and audio-tactile maps would 

allow blind people to learn about their physical environment while providing safety and 

decreasing the level of anxiety associated with navigation in unfamiliar surroundings. More 

investigations have to be conducted on the possibilities offered by virtual sounds, for instance, 

on the eventual benefits of the binaural description of a crossroad using virtual trajectory 

sounds, but this technology already provides new guidance opportunities, as effective as 

speech, with the advantage of involving a lower cognitive load. With this new means of 

guidance, the possibility arises to reduce the amount of information delivered to users, 

allowing them to focus on something else as well as having a better perception of 

environmental sounds. Fine navigation is made easier by new technologies, such as object-

recognition cameras that allow detection of obstacles along the way, as well as object-

grasping and indoor navigation. 

 

Finally, GPS-based navigation devices that were originally designed for car navigation 

are more and more oriented to the various needs of specific users. Pedestrians do not need the 

same guidance information as car drivers and blind pedestrians do not need the same guidance 

information as sighted ones. Blind people, albeit able to adopt an allocentric perspective, are 

naturally directed towards an egocentric perspective. They are therefore more likely than the 

sighted to fall into the trap of passive satellite guidance. Daily use of an aid device by blind 

persons may end up trapping them in the use of a route perspective and lead them to ignore 

survey representations. Further empirical studies are thus needed to assess whether the 

introduction of virtual sounds as distal elements can help blind people to construct more 
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robust allocentric representation of their environments. In every instance, to make sure that a 

system built in order to give greater autonomy to blind people does not (paradoxically) result 

in the opposite effect, that is, making users more and more dependent on the device, it is 

important to take into account the long-term effects of the use of such devices. 
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Notes 

 

{1}  

This chapter was prepared as part of the research project NAVIG, a project funded by the 

French National Research Agency. The research consortium includes three CNRS-supported 

laboratories specialized in interaction and disability (IRIT-IHCS, Toulouse), human and 

artificial vision (CERCO, Toulouse), and human-machine communication (LIMSI-CNRS, 

Orsay), two companies active in the fields of artificial vision (SpikeNet Technology) and 

geolocalization (NAVOCAP), and an institute of special education for visually-impaired 

persons (INJA-CESDV). 


