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Abstract

The work presented in this thesis comes in pursuit of the ultimate goal
of building spoken and embodied human-like interfaces that are able to
interact with humans under human terms. Such interfaces need to employ the
subtle, rich and multidimensional signals of communicative and social value
that complement the stream of words – signals humans typically use when
interacting with each other.

The studies presented in the thesis concern facial signals used in spoken
communication, and can be divided into two connected groups. The first is
targeted towards exploring and verifying models of facial signals that come in
synchrony with speech and its intonation. We refer to this as visual-prosody,
and as part of visual-prosody, we take prominence as a case study. We show
that the use of prosodically relevant gestures in animated faces results in a
more expressive and human-like behaviour. We also show that animated faces
supported with these gestures result in more intelligible speech which in turn
can be used to aid communication, for example in noisy environments.

The other group of studies targets facial signals that complement speech. As
spoken language is a relatively poor system for the communication of spatial
information; since such information is visual in nature. Hence, the use of visual
movements of spatial value, such as gaze and head movements, is important
for an efficient interaction. The use of such signals is especially important when
the interaction between the human and the embodied agent is situated – that
is when they share the same physical space, and while this space is taken into
account in the interaction.

We study the perception, the modelling, and the interaction effects of gaze
and head pose in regulating situated and multiparty spoken dialogues in two
conditions. The first is the typical case where the animated face is displayed
on flat surfaces, and the second where they are displayed on a physical three-
dimensional model of a face. The results from the studies show that projecting
the animated face onto a face-shaped mask results in an accurate perception of
the direction of gaze that is generated by the avatar, and hence can allow for the
use of these movements in multiparty spoken dialogue.

Driven by these findings, the Furhat back-projected robot head is
developed. Furhat employs state-of-the-art facial animation that is projected on
a 3D printout of that face, and a neck to allow for head movements. Although
the mask in Furhat is static, the fact that the animated face matches the design
of the mask results in a physical face that is perceived to “move”.

We present studies that show how this technique renders a more intelligible,
human-like and expressive face. We further present experiments in which
Furhat is used as a tool to investigate properties of facial signals in situated
interaction.
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Furhat is built to study, implement, and verify models of situated and
multiparty, multimodal Human-Machine spoken dialogue, a study that
requires that the face is physically situated in the interaction environment
rather than in a two-dimensional screen. It also has received much interest
from several communities, and been showcased at several venues, including
a robot exhibition at the London Science Museum. We present an evaluation
study of Furhat at the exhibition where it interacted with several thousand
persons in a multiparty conversation. The analysis of the data from the setup
further shows that Furhat can accurately regulate multiparty interaction using
gaze and head movements.
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