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Abstract

Techniques and experiments described in this article
explore several ways of accessing spatial information by
blind people using a computer with a force-feedback de-
vice. This study focuses on approaches supporting orien-
tation inside buildings. Preliminary results show that a
wide spectrum of different techniques tuned to the individ-
ual needs of blind people should be offered.

1 Introduction

Using haptics for blind people is a well known idea de-
scribed in many works, e.g.[3],[1].

One of the most demanding challenges is finding a way
of explaining topology to visually impaired people. This
problem was studied recently by Sjöstr̈om [2].

In this paper we describe several approaches to the
problem of orientating visually impaired persons in build-
ings. We will concentrate on the problem of learning (pre-
senting) the topology of a building using a haptic device.

This work is based on our experiences with PHANToM
(Personal HAptic iNTerface Mechanism, a product of
SensAble Technologies, Inc.). The device is designed to
measure 3D or 6D position/orientation data on input and
to affect the user by the force at the single finger effector.

2 A continuum of user independence

We are interested in the self-reliant training of building
layouts using haptic feedback. The exploration techniques
described later may fall into the following categories:

Restricted movement: The user is trained in the layout of
a building using the passive exploration of a map. All
movements of a user through the model of a building
are controlled by a computer with a haptic device.

Movement with choice and decision:The machine
guides the motion of haptic device to some place of
interest in the model of a building. The user is then

offered a set of possible moves. When a decision is
made the haptic device moves to the next target and
the exploration process continues. The user gleans
the information about building topology from the
conceptual model through which he is able to move
freely.

Movement with help on demand: The user moves freely
through the model of a building. When he feels lost
he can ask the system for the navigation to a chosen
target.

Free movement in virtual space: The user wanders
freely through the model of a building to learn it’s
topology.

3 Experiments

3.1 Experiment 1: Gesture map

The goal of this task was to learn the topology of a build-
ing. The level of comprehension was tested by questions
about the number of rooms and their locations.

The technique utilizes a symbolic map of a building pre-
sented as the graph of active movement gestures.

Gesture is performed by PHANToM’s arm driven by a
computer by moving along list of vectors. User is holding
device end-effector wathing its movements.

Gestures may express either a topology or geometry or
they provide a user with some hints about available steps
and processing. The map used in our experiment is in
Fig.1.

The process of presenting gestures is controlled by a
user via keyboard. He can stop, return or go to the start of
a map whenever he wants. Audio and video channels were
not used.

3.2 Experiment 2: Walk-through a simpli-
fied 3D model of a building

The task is to walk through the model of a building from
the entrance on the first floor to the fourth floor and to find
a treasure. The building contains door and window (holes



Figure 1: Symbolic map of building using gestures

Figure 2: A model of the floor of a building

in the front wall) and stairs with banisters. The user is re-
sponsible for selecting the direction and to move the haptic
effector’s end to the desired position. Collision detection
combined with force feedback prevents the user from per-
form unrealistic movements. An audio channel is used to
inform the user about the actual floor number. The visual
channel was not used. Sligthly different approach uses an
extension of the exploration technique with the aid based
on an active movement of haptic device. Whenever a user
asks for an aid, the force feedback device starts to move
the user’s finger in respective direction. The user can re-
peatedly ask for help at different places or he may let the
device move continuously to get closer to the target.

3.3 Experiment 3: Navigation sphere

TheNavigation sphere(NS) is a special kind of 3D haptic
navigation menu. Whenever the user gets lost in a space
model he may ask for the NS menu (see fig.3). His current
position becomes the NS center (U). The NS limits move-
ment of device to small radius. Using central projection the
objects in a surrounding environment in chosen direction
(For 3DOF variant we choose direction by small displace-
ment of device from center position, for 6DOF variant we
use orientation of stylus) are indicated by haptic effects.
The haptic effect indicating scene objects can be made for
example using vibrations of a device or by different NS
surface characteristics, e.g. friction. More informationcan
be expressed by modulating the haptic effect using object
distance or object type (e.g. amplitude modulation for dis-
tance representation and frequency or direction modulation

for representation of type of object). The NS provides in-
formation about the surroundings of the actual position. It
can also be used as a selection tool just as circle-like menus
are used in 2D domains. Once object is selected its use-
full to apply attractive force towards the selected object for
easy location.

Figure 3: The navigation sphere technique indicating sur-
rounding objects

4 Conclusion

Blind people have different ranks of orientation and
they individually need the different techniques to navigate
through buildings.

Eight volunteers participated in our experiments . Three
of them were congenitally blind (two females and one
male), one female was visually impaired and four males
were sighted. Their ages ranged from twenty to twenty-
six.

Some people were able to move freely, receiving op-
tional feedback information if they go in the wrong direc-
tion. Others like to be moved through the major places.
This work tested techniques for both scenarios.
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