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Abstract

We describe how to create with machine learning techniques a gen-
erative, videorealistic, speech animation module. A human sub-
ject is rst recorded using a videocamera as he/she utters a pre-
determined speech corpus. After processing the corpus automati-
cally, a visual speech module is learned from the data that is capable
of synthesizing the human subject’s mouth uttering entirely novel
utterances that were not recorded in the original video. The synthe-
sized utterance is re-composited onto a background sequence which
contains natural head and eye movement. The nal output is vide-
orealistic in the sense that it looks like a video camera recording of
the subject. At run time, the input to the system can be either real
audio sequences or synthetic audio produced by a text-to-speech
system, as long as they have been phonetically aligned.

The two key contributions of this paper are 1) a variant of
the multidimensional morphable model (MMM) to synthesize new,
previously unseen mouth con gurations from a small set of mouth
image prototypes; and 2) a trajectory synthesis technique based on
regularization, which is automatically trained from the recorded
video corpus, and which is capable of synthesizing trajectories in
MMM space corresponding to any desired utterance.
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1 Overview

Is it possible to record a human subject with a video camera, pro-
cess the recorded data automatically, and then re-animate that sub-
ject uttering entirely novel utterances which were not included in
the original corpus? In this work, we present such a technique for
achieving videorealistic speech animation.

We choose to focus our efforts in this work on the issues related
to the synthesis of novel video, and not on novel audio synthesis.
Thus, novel audio needs to be provided as input to our system. This
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Figure 1: Some of the synthetic facial con gurations output by our
system.

audio can be either real human audio (from the same subject or a
different subject), or synthetic audio produced by a text-to-speech
system. All that is required by our system is that the audio be pho-
netically transcribed and aligned. In the case of synthetic audio
from TTS systems, this phonetic alignment is readily available from
the TTS system itself [Black and Taylor 1997]. In the case of real
audio, publicly available phonetic alignment systems [Huang et al.
1993] may be used.

Our visual speech processing system is composed of two mod-
ules: The rst module is the multidimensional morphable model
(MMM), which is capable of morphing between a small set of pro-
totype mouth images to synthesize new, previously unseen mouth
con gurations. The second component is a trajectory synthesis
module, which uses regularization [Girosi et al. 1993] [Wahba
1990] to synthesize smooth trajectories in MMM space for any
speci ed utterance. The parameters of the trajectory synthesis mod-
ule are trained automatically from the recorded corpus using gradi-
ent descent learning.

Recording the video corpus takes on the order of 15 minutes.
Processing of the corpus takes on the order of several days, but,
apart from the speci cation of head and eye masks shown in Figure
3, is fully automatic, requiring no intervention on the part of the
user. The nal visual speech synthesis module consists of a small
set of prototype images (46 images in the case presented here) ex-
tracted from the recorded corpus and used to synthesize all novel
sequences.

Application scenarios for videorealistic speech animation in-
clude: user-interface agents for desktops, TVs, or cell-phones; dig-
ital actors in movies; virtual avatars in chatrooms; very low bitrate
coding schemes (such as MPEG4); and studies of visual speech
production and perception. The recorded subjects can be regular
people, celebrities, ex-presidents, or infamous terrorists.















