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ABSTRACT

The importance of personalized and adaptable user-interfaces has been extensively discussed (European
Ambient Assisted Living Innovation Alliance, 2009, Alexanderssonetal., 2009). However, it often remains
unclear how to specifically implement such concepts. In the field of acoustic communication, existing
models and technologies offer a wide range of possibilities. Based on these technologies, this chapter
presents a concrete realization of a model-based interface in the field of acoustic human-computer in-
teraction. The core element of the implementation is a holistic approach towards a hearing perception
model, which incorporates information of the acoustic environment, the context and the user himself
provides relevant information for control and adjustment of adaptable and personalized acoustic user
interfaces. In principle, this way of integrating state-of-the-art technologies and models into user inter-
faces could be applied to other sensory perceptions as e.g. vision.

INTRODUCTION

Together with vision, hearing is the most impor-
tant human sense. The ability to perceive sound
enables us to locate and classify sound sources
and forms the basis of our orientation and com-
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munication. Both in private and at work, speech
communication is of utmost importance, and has
been largely influenced by advances in modern
technology. A wide range of applications is avail-
able to facilitate acoustic interaction between
people, ranging from mobile communication
devices to video-conferencing systems. In the
past years, the prevalence of computer-based
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applications has given rise to an increased im-
portance of human-machine interaction. Acoustic
information transfer between users and computers
can be bidirectional, i.e. the user can both receive
acoustic signals (e.g. spoken information) and in-
teract with the system, e.g. by speech commands.
Voice-controlled systems are particularly useful
when human-machine communication is needed
in hands-free applications or when the user is
unable to use other means of input. Many other
fields in modern societies could benefit from a
well-working acoustic human-computer interac-
tion. So far, however, the particular needs of the
individual users have not been carefully taken
into account in the design process and practical
application of acoustic user interfaces. Particu-
larly, but not exclusively, the significant part of
people with hearing deficiencies could benefit
from adaptable and personalized acoustic user
interfaces. In modern societies, hearing impair-
ments are widely spread. Recent figures estimate
that about 16% of the population in industrialized
countries suffer from hearing deficiencies (Shield,
2006). Due to age related deterioration of nerve
cellsinthe inner ear, this percentage is much higher
in older subgroups of the population. Different
estimates report that between 37% and 56% of
the population aged 60 to 70 years suffer from
hearing loss (Uimonen et al., 1999; Sohn, 2001;
Davis, 2003; Johansson and Arlinger, 2003). In
the light of the demographic change, the number
ofhearing-impaired people is expected to increase
rapidly in the next ten years and to almost double
by 2030 (Shield, 2006).

Given the growing importance of human-
computer interaction, acoustic interfaces should
be accessible to the whole population in as many
applications as possible. Particularly for hearing-
impaired people, but also for people having spe-
cial needs in communication, like e.g. jet pilots,
the interfaces have to be adaptable to different
environments and situations and personalized
individually.

This chapter proposes a perceptual approach,
which aims at a concrete realization of a model-
based interface in the field of acoustic human-
computer interaction. The core element of the
implementation is a holistic approach towards the
inclusion of a hearing perception model, which
incorporates information of the acoustic environ-
ment (e.g. reverberation time, damping of walls
and ceilings), the current acoustic context (e.g.
presence of noise sources), as well as informa-
tion on the individual user himself (e.g. hearing
loss). The model can thereby provide relevant
information for the control and adjustment of the
interfaces for user interaction.

This chapter is organized as follows. Firstly,
the factors influencing acoustic communication
in daily life are described and the particular dif-
ficulties for hearing-impaired users of acoustic
interfaces are summarized. Secondly, state-of-
the-art technologies to increase the accessibility
of acoustic communication systems are surveyed
and their possibilities and limitations to support
acoustic human-machine interaction are discussed.
It is shown that existing models and technologies
already offer a wide range of support, but that a
combined approach based on the individual per-
ception of sound is needed to realize adaptable
and personalized acoustic user interfaces. Such
an approach is presented subsequently before
specific applications are illustrated. In the end,
the chapter is briefly summarized and concluded.

ACOUSTIC COMMUNICATION IN
NORMAL AND IMPAIRED HEARING

Factors Influencing
Communication Quality

Speech communication is the most natural way of
information exchange. In everyday life, however,
adverse acoustic factors such as backgroundnoise,
competing speech or reverberation can reduce the
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