The ViibraCane - A White Cane for Tactile Navigation Guidance
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Summary

The ViibraCane, an extension to the navigation system TANIA, is a white cane that
can be used as a tactile guiding device for navigation tasks.

Introduction

During previous CSUN conferences we presented the navigation system TANIA
(Tactile-Acoustical Navigation and Information Assistant). The system’s main
component is an Ultra Mobile PC and it achieves positioning of the user via an
accurate step-tracking method, GPS, and RFID tags, and works both indoors and
outdoors. Besides providing information about the surrounding area by an integrated
tactile-acoustical map, the system has an inbuilt assistant to guide the user to a
chosen destination. The navigation guidance was formerly achieved by text output
that was displayed on a Braille display or read out by a text-to-speech engine.

However, the method of using text to relay directional information is not without
problems. The user needs to translate the text information into the direction, and,
especially when guiding the user over large open areas, he might need a lot of
correction, resulting in many cumbersome text messages.

If a person is indicating a direction during a conversation, instead of verbosely
describing it, he will just point in the direction, which is a more natural way of
describing a direction. It is therefore desirable to similarly indicate a direction instead
of describing it textually. As we didn’t want to overload the auditory channel, we
decided to use touch in order to convey the desired direction.

Related Work

Haptic devices for the indication of directions have been explored before. The
devices tested include haptic belts [6, 4], and actuators placed on the back of the
user [3]. These devices have the ability to indicate directions with varying degrees of
accuracy; however, it has been shown that in order to guide a user to a desired
destination it is sufficient to simply indicate whether he has to turn left or right, or
even just whether he is on- or off-course [5]. We decided to integrate the vibration
into a white cane, as we did not want to burden the users with yet another device that
needs to be carried along. Vibrating canes have been developed previously and are
available commercially [2, 1], but all these are obstacle avoidance utilities and not
used for large-scale navigation.



System description

The ViibraCane consists of a Wii remote mounted on a cane. The Wii remote is
normally used as the standard input device for the Nintendo Wii console, and
features, in addition to seven buttons and an analog directional pad, a loudspeaker,
an inertial sensor, and an inbuilt vibration device. Connected to the Ultra Mobile PC
the Wii remote can therefore be used as both an input and output device for our
navigation system. Although quite limited in its output capability, the vibration can
nevertheless be used to guide a blind user to the desired destination.

Operation Mode of the System

Using the buttons of the ViibraCane, the user can choose a destination and start the
guiding process. After that, he will be guided to the desired destination. As the
vibration of the cane is meant to be the primary means of guidance and the user will
walk in the correct direction most of the time?, it is reasonable to choose non-
vibration as the signal of correct heading and correspondingly vibration as the signal
that the user is currently off-course. As has been mentioned, these two bits of
information are enough to guide a user to a destination. However, giving the user
more information will ease the use of the system. This information could include the
distance to the next waypoint, the direction in which the user needs to turn, or how
much he needs to turn. As not all of this can be included in the vibrating pattern,
especially due to the technical limitations of the Wii remote, we had to decide which
information to include and which to disregard.

The distance to the next waypoint does not need to be conveyed permanently and is
therefore not included in the information. In contrast to that, knowing the direction, in
which one needs to turn in order to face the next waypoint, is quite helpful; otherwise
it could result in the user performing a turn of almost 360° in order to find the “no
vibration” signal. We therefore decided to encode the direction in which the user
needs to turn with the length of the vibration pulse: A longer pulse indicates that the
user needs to turn left and a shorter one indicates that he should turn right.

There are two different situations in which the cane will switch from non-vibrating to
vibrating status. Firstly, the user might just have veered slightly off the desired path.
In this case, only a small correction of the direction is necessary. Secondly, the user
might have reached a waypoint, meaning that he often needs to change his direction
completely. It is desirable that the user can differentiate between those two
situations. We therefore decided to code a difference between a small and a large
correction angle into the vibrating pattern, a strong vibration indicating that a large
turn is necessary, and a lighter vibration indicating that a small turn is sufficient. As
the Wii remote natively allows only two states (vibrating and non-vibrating), the lighter
vibration was accomplished by turning the vibration device on and off in short
succession. So all in all there are five different states of vibration that are used to give
directional information. One additional signal, a very long vibration is used to indicate
that the user has arrived at the desired destination. It is possible to distinguish this
signal from the other ones due to its length, however for the same reason it is not
well suited to indicate a direction, as it could not change quickly enough. These
signals are enough to successfully guide a user to a desired destination.

As the Wii remote features several buttons, it was possible to additionally use it as an
input device for the navigation system. This enables the user to request information,

Y if he would not, he would never arrive at his destination



such as the current position and line of sight, or to change the state of the system,
such as switching between virtual and navigation mode. The ViibraCane can
therefore be used as the sole input device of the TANIA system and makes it
possible to avoid direct interaction with the main system (apart from speech output),
for example in order to stow away the main system.

Conclusion

We have enhanced our previously developed blind navigation system TANIA with the
ViibraCane, a white cane that is used as an input and tactile output device of the
system’s inbuilt route planning component. It combines the classic obstacle
avoidance function of a white cane with a mechanism giving directions for the
navigation system. First tests have shown that using the ViibraCane is a good
alternative for the user to find the correct destination, especially in open spaces
without physical cues such as walls or curbstones.
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