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Human wayfinding, both by sighted and visually impaired people,
consists of two very different functions: (1) sensing of the immediate
environment, mcludmg obstacles and physically defined paths, for the
purposes of moving through it and (2) navigating to remote destinations
beyond the immediately perceptible environment (Golledge, 1999;
Loomis et al., 1993; Rieser, Guth, & Hill, 1982; Strelow, 1985: Welsh &
Blasch, 1980).! Navigation involves keeping track of one’s position and

'In connection with wayfinding skills by visually impaired people, the terms * “‘mobility”
and “orientation,” respectively, correspond to sensing of the environment and nav igation.
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orientation during travel with respect to the destination, which can be
accomplished using either piloting or path integration (Gallistel, 1990).

Piloting refers to sensing positional information and using it to deter-
mine one’s location. For example, in natural unaided navigation, one can
use visible, auditory, or haptic landmarks to fix one’s current position. If
only nearby landmarks can be sensed, one usually needs to have an exter-
nal map or cognitive map to locate oneself relative to the destination.
Remotely sensed landmarks that are near the destination can serve as
beacons for homing. If there are no such beacons, remotely sensed land-
marks can be used in conjunction with triangulation of directions and tri-
lateration of distances to determine one’s current location. Remotely
sensed landmarks allow one to travel into unfamiliar territory and remain
oriented. In radio-based navigation used by aircraft, boats, and now even
cars, positional signals from navigation transmitters on land or in space
can be used to compute one’s position instead of sensed landmarks.

Path integration refers to obtaining information about one’s motion
(e.g., velocity and acceleration) and then using that information to com-
pute one’s displacement and change in orientation with respect to an ori-
gin. Pilots and mariners have long used path integration based on
velocity, known as “dead reckoning,” as a backup when piloting and elec-
tronic navigation are not available. Inertial guidance systems for aircraft
and spacecraft utilize acceleration alone (i.e., no external sensing) and
have been so perfected that they allow extremely accurate position keep-
ing over hours of travel without a position fix.

Obviously, visually impaired people are at a big disadvantage when it
comes to wayfinding. Sensing the near environment for obstacles and
hazards is effortful and error prone, even with a long cane and auditory
cues such as echoes. In particular, blind people are vulnerable to collision
with small obstacles above the ground. For navigation, they lack much of
the information needed for planning detours around obstacles and haz-
ards and have little information about distant landmarks, heading, and
self-velocity, information that is essential when traveling through unfa-
miliar environments. Still, some blind travelers are superbly able to
remain oriented while traveling within large environments. There are
individuals, for example, who are able to perform path integration while
traveling as a passenger through a familiar environment, like a city grid.
Others challenge themselves by using path integration while walking to
venture forth into unfamiliar parts of a town or city. And, of course, many
blind people are able to use auditory and haptic signals about the near
environment to travel along familiar routes.

These examples of success notwithstanding, blind people stand to ben-
efit greatly from electronic devices that augment their senses, greatly
improving both the sensing of the immediate environment and providing
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Types of Electronic Travel Aids (ETAs).

information for navigation. Like many others, we believe that “user-centered
design” (Card, Moran, & Newell, 1983; Norman & Draper, 1986) will lead
to the most effective wayfinding devices. The research and development
we review reflects this commitment to user-centered design.

ELECTRONIC TRAVEL AIDS

Early research and development of Electronic Travel Aids (ETAs) focused
on sensing the immediate environment, in efforts to supplement or
replace the long cane (Brabyn, 1985; Farmer, 1980). Electronic obstacle
avoiders used today include the Sonic Pathfinder, Mowat Sensor, and
MiniGuide, which are stand-alone devices that use ultrasonic sensing to
detect obstacles and provide auditory or vibratory signals to the user, and
modified long canes, such as the LaserCane and Ultracane, which include
laser and ultrasonic sensing to provide information about obstacles above
the ground (see Fig. 7. 1). Of interest are two technologically sophisticated
devices, the NavBelt and the GuideCane, which used ultrasensor sensors
to scan the forward environment and algorithms for determining a clear
path for the user (Shoval, Ulrich, & Borenstein, 2003). They are apparently
no longer under development.

Within the last decade and a half, research and development of ETAs
has shifted from obstacle avoidance to the navigation function. There are
basically two approaches: modify the environment with electronic loca-
tion identifiers or provide the traveler with an electronic device that
locates the traveler within a global or local coordinate system (see
Fig. 7.1). Examples of the first approach are three systems of active sig-
nage called Talking Signs®, Talking Lights, and Verbal Landmark.

In the Talking Signs® system, based on Remote Infrared Audible Signage

(RIAS), infrared transmitters are installed throughout the environment,
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The Talking Signs® system of Remote Infrared Audible Signage (RIAS).
Infrared transmitters are installed near important environmental entities.
Each transmitter continuously sends out a digitally encoded utterance about
the nearby entity. A person holding an RIAS receiver hears the utterance
when pointing the receiver in the direction of the transmitter. From Towards
an Accessible City: Empirical Measurement and Modeling of Access to Urban
Opportunities for Those With Vision Impairments, Using Remote Infrared
Audible Signage, by J. R. Marston, 2002, unpublished dissertation,
Department of Geography, University of California, Santa Barbara.
CopyrightD2002 by J. R. Marston. Reprinted with permission.

such as in shopping centers, hotels, airports, and public transportation
terminals (see Fig. 7.2); (Golledge & Marston, 1999; Marston & Golledge, 2003;
Bentzen & Mitchell, 1995; Crandall, Gerry, & Alden, 1993; Hatakeyama
et al.,, 2004). The infrared radiation {lR] from the transmitters carries
encoded information, including speech, about the identity of the location or
vehicle to which the transmitter is attached. The IR signal from the trans-
mitter is highly directional, which makes the transmitter serve as a beacon.
A visually impaired traveler with an IR receiver picks up the encoded
speech signal usually within a range of 30 m outdoors, with the maximum
depending on the environment (e.g., less for indoors); directional localization







