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2 Summary

The objective of this project, over a one-year period, is to develop a technology
(algorithms and prototype) that will enable blind people to see the world with their
ears. By equipping the blind person with a portable computer, earphones and a
stero camera pair, it is possible to give him a three-dimensional (3D) reconstruc-
tion of the scene that is encoded by appropriate sound synthesis techniques. The
social fallout of this research is self-evident.

Until fairly recently the research into mobility aids has generally been aimed
at devices such as the Sonic Torch, or Laser-Cane. These devices, along with
many others, are all based around producing beams of ultrasonic sound or laser
light. The device then receives any reflected waves, and produces either an audio
or tactile stimulus in response to any nearby object. The intensity of the sound or
tactile vibration is proportional to the proximity of the detected object. With sim-
ilar technical, Professor Leslie Kay of the Birmingham University, invented the
Blind Glasses starting the research about sound reproduction of a scene. There
are different experiments about sound reproduction of an image. For example the
modern Optophone, produced by Phill Picton and Michael Capp of Northampton
University, works by scanning an image directly form a video camera. The image
produced is digitised and broken down into vertical strips, with high frequency
musical notes being generated for pixels located at the top of the strip and low fre-
quency notes for the bottom. This instantly aids recognition and comprehension
of the sounds since our auditory system naturally associates higher frequencies
with a higher vertical position in space. The amplitude of the sounds generated
(how loud they are) varies proportionally to the intensity of the light (how bright
it is) captured by the video camera.

In spite of this studies, there is not a consolidate sound synthesis methodol-
ogy finalized to acoustic display. In this context we would like to propose new
techniques, and apply them to a working prototype.

The Dipartimento Scientifico e Tecnologico and, in particular the Vision, Im-
age Processing and Sound research team (VIPS) is in a position to achieve this
proposal having the necessary expertise in computer vision, image processing and
sound syntesis.

The requested instruments to HP will be helpful to reach this goals.
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3 Milestones

4th month : identified appropriate methods and preliminary tests.

6th month : first prototype ready.

8th month : algorithm implemented and working separtely.

12th month : prototype ready, final demo.

4 Background

Research objectives and scope lie in augmenting the ”normal” human visual per-
ception system using acoustic stimuli. The computer task consists in the visual
analysis of a scene and in the synthesis of proper sound signals linked to the
structure and content of the observed scene. The expected results will favour and
open new frontiers to the design of user interfaces (more effective and useful from
the perceptual side), and of auxiliary tools for blind people.

Among all sensing capabilities, vision has long been recognized as thye one
with the highest potential. It is out of doubt that it must play a primary role in the
Human-Computer interaction. Were a computer able to perceive the real world
from images, it would interact in a more natural way with the user.

The potential of sound is often understimated. Since the pioneering work of W.
Gaver (the designer of the SonicFinder for Macintosh), non-speech sounds have
been used increasingly in human-computer interfaces (HCI). With the expression
”auditory icons”, Gaver indicated sounds that are evocative of events, thus being
usable to monitor the progress of various activities.

As compared to visual information, sound does not rely on focused attention of
the human subject, it is pervasive in a 3-D environment, less sensible to occlusion,
and it allows the simultaneous transmission of multiple streams that can be easily
segregated or aggregated by humans. However, it is difficult to design sounds in
such a way that they effectively become information carriers.

There is a relatively little research on the integration of audio and visual cues
for environment perception, although the potential influence can be very large in
the field of the human-computer interaction. In this respect, sound, generated as
consequence of a visual understanding process, can be an important vehicle for
exchanging structured and unstructured information among objects and humans,
and may help and facilitate global human perception in many ways.
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Our research group is particulary suited for this kind of activity Actually, from
one hand, the team involves people with specific skills on computer vision, image
processing, pattern recognition, and sound processing, with international repu-
tation as proved by the large number of publications. From the other side, this
project is related to a larger project, The Sounding OBject (SOB), funded by the
European Community (EC), aimed at developing sound models that rely on a de-
scription of sound sources, i.e., on simulations of physical phenomena producing
sounds. This project is part of the Disappearing Computer scenario (a project clus-
ter funded by EC), in which computing resources will be tightly integrated within
everyday objects and they will be used to augment their traditional functions in
inter-object and human-object interaction.

In general, the background research will be focused towards the development
of technologies devoted to the generation of intelligent, efficient, and ergonomic
interfaces, by means of the cooperative and competitive use of the acoustic and
visual sensorial channels, possibly completed by the tactile perception (haptic de-
vices). In this context, interfaces and operative environments will be studied and
developed devoted to the ”augmented” navigation and perception, such as, e.g.,
remote vehicle guidance in critical areas (e.g., underwater, space, etc.), navigation
in structured environments like towns, museums, and archaeological sites, and
interactive teaching.

The project will be developed in two years, in which issues related to the
Human-Computer Interaction (HCI) will be explored with emphasis on the audio-
visual integration aspects and virtual reality. Two pilot applications will be devel-
oped, with important consequences in the social and industrial sectors.

The first application concerns the design of an aid tool for blind people. In
summary, the task consists in developing a system composed by audio (earphones)
and video (optical cameras) devices, able to determine the three-dimensional struc-
ture of a scene also segmenting the objects contained herein. Consequently, it is
possible to synthesize proper acoustic signals for the blind person so that he/she
can perceive the surrounding environment in a more effective way. This is our
first project proposal to be developed in one year.

The second application consists in the acoustic monitoring of industrial pro-
cesses. In controlled conditions, like those of an (even complex) industrial au-
tomation process, computer vision techniques are able to recognize objects be-
longing to a database. After the object recognition took place, a process of ”acous-
tic iconization” may be performed in order to generate an artificial sounding land-
scape, in which an operator can easily identify anomalies and unusual situations.
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5 Activity Description

In framework of the background project regarding the HCI, described previously,
the specific goal of this research consist in the design and implementation of a
support device for blind people. The computer is used to analyse video images of
the scene and to produce an acoustic display of it.

The visual analysis of the scene consists of the following two tasks:

1. Depth recovery from stereopsys. Human visual system gains information
about the depth basing on diffrences between the images formed on the left
and right retina (disparity). This process, called stereopsys, can be replicatd
by a computer, at a rate of some frames per second.

2. Scene segmentation. The scene is segmented in many regions, using depth,
color, texture, motion, and other significant visual features. To each region
a label is attached which summarizes the regions’ features that will be sub-
sequently used in the acoustic iconization (see below).

The acoustic synthesis consist of the following two tasks:

1. Acoustic iconization: the regions segmented from visual data are associ-
ated to sound events. For instance, size and coarse shape of the object can
be translated into features of synthetic sounds. Even more effectively, the
relative motion between objects can be translated into sounds, as it is well
known in the traditional musical terminology: accelerando, ritardando,
sospeso, ecc.).

2. Spatialization: Virtual sound sources can be put in a 3-D scene that can re-
semble or magnify the actual collocation of objects. Information of azimuth
and zenith can be introduced by means of time and intensity differences
among channels that feed earphones or loudspeakers. A more accurate spa-
tial localization is achieved by implementing synthetic Head-Related Trans-
fer Functions (HRTF), which are sets of filter coefficients that account for
diffraction and absorption of the torso-head-pinna system.

The technologies developed in this project will be demonstrated in two proto-
types, the first is a simplified version and will be ready after 6 months, the second
will be functioning at the end of the year.

The blind person wears two earphones, and carries a portable computer con-
nected to a stereo camera pair. The following two operative conditions can be
foreseen:
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1. The blind person use a common laser pointer as a virtual stick pointing it
forward: the stereo algorithm running on the computer calculates the depth
of the laser spot, and a sound is produced, which conveys information on
the depth and elevation over the horizontal plane of the spot.

2. The computer perform a complete analisys of the scene, computing the
depth of each point. The blind person hears a 3D acoustic display of the
scene, generated by the acoustic iconization of the regions segmented by
the visual analysis.

6 Publication of the results

Results will be made available on the WWW, at the following address: http://vips.sci.univr.it/SOL

HP will be mentioned for the support offered to the philanthropic project, with
an active address linking with http://www.corp.hp.com/Publish/UG/
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