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Speech has always been the most important means of communication between humans. Therefore,
using speech in machine-human communication can help in increasing the naturalness of the
communication between a computer system and a user. Systems that can make a machine pronounce
any given input text are referred to as text-to-speech systems. To further enhance the communication,
a talking head can be added to the text-to-speech synthesis, since the addition of this synthetic visual
speech mode will improve the intelligibility of the artificial speech (Pandzic et al., 1999). Furthermore,
users will perceive this multimodal speech communication as more natural and they will feel more
positive and confident if they can see the (artificial) person that is talking to them. In this paper we
propose an audiovisual text-to-speech synthesis system for Dutch that is able to create both the target
auditory and the target visual speech by using a same audiovisual database, which makes it possible
to maximize the intermodal coherence in the audiovisual output signal.

Classical talking heads are constructed by a 3D model from which the polygons vary in accordance
with the target phoneme sequence. However, similar to what happened in the research domain of
audio-only text-to-speech systems, a trend is noticeable from these model-based synthesis techniques
towards datadriven strategies, where the system uses a pre-recorded database to construct the output
signal. The most important reason for this is that datadriven synthesizers are capable to produce a
more natural output: datadriven visual synthesis makes it possible to attain a quasi photorealistic
synthetic visual speech signal. In contrast with the 2D talking heads found in the literature (Bregler et
al., 1997; Cosatto & Graf, 2000; Ezzat et al., 2002), our synthesis strategy creates both the auditory
and the visual mode of the speech together, which allows us to successfully transfer the original
multimodal coherence present in the speech from the audiovisual database to the target output signal.
To achieve this, the unit selection technique (Hunt & Black, 1996), which can be found in state-of-the-
art auditory text-to-speech systems, was extended to work in the audiovisual domain. This means that
from the continuous speech in the database, the system will select an appropriate set of multimodal
segments that will be concatenated to construct the output speech signal. This strategy has the
advantage that the final output will consist of original combinations of auditory and visual speech
fragments, which will maximize the audiovisual correlation in this synthetic signal and thus minimize
quality degradations caused by audiovisual coarticulation effects (e.g.: the McGurk effect, McGurk &
MacDonald, 1976). The synthesizer is provided with a phonetically labeled audiovisual database, from
which both the auditory and the visual mode are analyzed beforehand in order to construct several
sets of metadata. This metadata contains information about the waveforms and about the video
frames in the database and will be used by the system’s selection algorithms. The selection of a
particular audiovisual segment is based on target cost functions, which indicate how well this segment
matches the target speech, and join cost functions which indicate how well two consecutive segments
can be concatenated without the creation of disturbing artifacts. To use with our multimodal unit
selection technique, cost functions are needed for both the audio track and the video track, since the
selection of an audiovisual unit will depend on its multimodal cost. As a target cost we use the
phonetic correctness of the audiovisual segment, together with an evaluation of the extended phonetic
context (Latacz et al., 2007). Auditory join costs are calculated by using several properties like pitch-,
energy- and spectral similarity across the segment joins. Visual join costs are determined by tracking
the position and the appearance of the mouth and the other facial parts through the database,
together with extra information like the amount of visible teeth present in the video frames. After
selection, the audio tracks are concatenated using a pitch synchronous overlap-add technique
(Mattheyses et al., 2006), while the video tracks are concatenated by using a morphing technique
(Wolberg, 1990) to smooth the joins. During this multimodal concatenation process, the amount of
audiovisual asynchrony is kept as small as possible in order to retain the original multimodal
correlation.
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The proposed synthesis strategy results in the creation of an artificial audiovisual speech signal
that exhibits a high coherence between its auditory and its visual mode. This assures a natural
perception of the multimodal speech signal: observers truly believe that the person displayed in the
visual mode could indeed have been the source of the presented auditory speech signal. Furthermore,
a suitable combination of auditory and visual cost functions leads to the selection of an appropriate set
of multimodal segments from which a smooth output signal can be constructed.
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