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Abstract. Visual speech animation, also known as lip synchronization,
is the process of matching a speech audio file with the lips’ movements
of a synthetic character. Visual speech is a very demanding task, being
either fully manual, which is very time consuming, or with automatic
methods based on data analysis. Currently, there is still no automatic
method that generates any sequence of visual speech, without requiring further fine tuning. This research focused on the problem of automatically achieving lip-sync and led to a system that relies on speech
recognition to obtain the pronounced words, mapping them to the visual
poses, thus automatically obtaining visual speech animation. Automatic
visual speech animation has great impact in the entertainment industry, where it can reduce the time required to produce the animation of
talking characters.
Keywords: Visual Speech, Automatic Animation, Audio Based, Facial
Animation
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Introduction

Speech is a key element and the most natural way to convey the ideas and
thoughts of the personality behind any 3D talking character. However, speech
communication is not only composed by sounds, but also by the respective facial
poses and expressions, which decisively contribute to the believability of virtual
characters. If speech animation is not done correctly, i.e. the movements do not
resemble the ones of a person or if these are not synchronized with the audio,
the viewers will ﬁnd the animation awkward.
Speech can be discretized as a sequence of sounds, also known as phones, and
silences. Each phone has an associated facial pose or viseme, which is the position
and orientation of the visible part of the vocal tract articulators, composed by
lips, teeth, jaw, tongue and cheeks. Potentially, all articulators can inﬂuence the
production of a phone, however not all are visible, therefore diﬀerent phones may
have the same pose. Visemes are a key concept in visual speech animation. It
is important to notice that when visual speech is generated by directly concatenating the visemes the resulting animation will be over-articulated. This results
from co-articulation, which refers to the eﬀect one phone, and its corresponding
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viseme, has over the ones around it. A digital artist has to take into account
these two components when animating a speech event. Traditionally, an artist
has to decompose the audio in its phones, reduce them taking into account the
phonetics of the language in question, as not all inﬂuence visual speech, mark
them in the sound wave using a manual technique with an appropriate audio
processing tool, create the time-line with the visemes and ﬁnally control the
inﬂuence of each in the ﬁnal animation [1]. This is an extremely slow and time
consuming process, taking about 25 to 30 minutes to animate about 10 to 15
words. Several techniques arose from the need to automatise this process, which
can be divided into two categories: phone-to-viseme map, where the phones are
obtained from speech recognition or text itself [2]; or based in a sub-phonetic
map, where audio features are mapped to the visual poses[3].
In this demo, a phone-to-viseme map is used to create a system that relies on
automatic speech recognition to obtain the orthographic and phonetic transcriptions for European Portuguese, thus generating the visual speech animation data
that is then used in the Maya 3D modeling and animation authoring system.
Further information can be seen in [4].
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System Description

Fig. 1. Pipeline of the proposed system composed by the main modules: the speech
processing tool and the plugin inserted in the visualization tool.

The proposed system is divided in two major components as shown in Fig.1:
a speech processing tool, responsible for all the input analysis and choice of
data that will drive the animation, and a plugin inserted in an animation engine
that allowing the data ﬂow. The pipeline of the speech processing tool works as
follows: the Microsoft Speech API (SAPI 5.4) is used with a Portuguese XML
grammar in command and control mode, afterwards the recognised words are
passed to the phrase processing module that separates them into their phones,
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based on a European Portuguese phonetic transcription. With the phones and
the word sound (provided by the Speech Recognition Engine) it is possible to
align the phones and their times. This is done based on the phones statistical
duration, where the phones duration is increased or decreased so the sum of all
the word’s durations is normalised to be the same as the words real audio. Finally,
the phones are converted into visemes using the previously deﬁned phone-toviseme map for European Portuguese, thus generating all the animation data
required to produce visual speech animation. The data is then stored in a comma
separated value (CVS) ﬁle that is then read by a mel script in the Maya software,
thus synchronizing the poses in a time line. All the poses, i.e. the visemes, weights
are initially set to 1, which means the pose is always set to how it was created.
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Results & Conclusion

To demonstrate the capabilities of the system two sentences: ”olá a todos” and
”animar a fala” were animated, which can be seen in the video1 . The system is
completely functional and can be used by any person, allowing a reduction of
the time spent generating the visual speech by automatically synchronizing the
audio and the poses. However, it is not enough to realistically produce visual
speech animation, using solely the current approach, due to the need to simulate
the co-articulation phenomena. Work has already been done to tackle this issue,
which relies on the analysis of MFCCs audio features that vary according to the
phone tone. The variations of these low level speech signal extracted features,
are mapped to the viseme domain, which means the louder a person speaks the
wider is the corresponding facial pose, hence higher is its weight value. In future
work it is expected to eﬀectively address the co-articulation eﬀect towards a fully
automatic system capable of generating visual speech, with appealing results.
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