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Introduction

Visual speech recognition is a challenging task in sensory in-
tegration. Psychophysical work by McGurk and MacDonald
(1976) first showed the powerful influence of visual informa-
tion on speech perception that has led to increased interest in
this area. For example, they presented the speech sound /na—
na/ with the visible articulation of /pa — pa/. When sub-
jects were asked to identify the sound that they heard, many
reported /rna —ma/. This sound represents the best compro-
mise of these two conflicting sources of information because
/ma—ma/ is similar to /pa—pa/ visually, and fma—ma/ is
similar to /na — na/ acoustically. More generally, the visual
signal provides good information about place of articulation,
but voicing and nasality are more difficult to determine. The
acoustic signal, on the other hand, has good information about
voicing, but is ambiguous with respect to place of articulation.

Massaro (1987) used a fuzzy logic model to show that the
best explanation of the data’was obtained when the visual
and acoustic information: were' treated as independent fac-
tors. In other words, hyman response probabitities for the dif-
ferent combinations of visual and acoustic signals were best
described as the result of a process in which each modal-
ity makes an independent, multiplicative contribution. This
property of the acoustic' and visual signals is often referred
to as conditional indepéndence. Movellan (in press) further
tested this conditional independence assumption using hidden
Markov models. He compared models that were constrained
to utilize visual and acoustic information independently with
models that were unconstrained. Because the optimal con-
strained mode] did not perform any worse thar the optimal
unconstrained model, we can assume that the conditional in-
dependence assumption holds.

Current Directions
Movellan {1995) recently explored the ability of hidden
Markov models to recognize spoken digits using visual infor-
mation alone. The input representation for the model con-
sisted of smoothed pixel intensity information at each time
step, as well as a delta image that showed the pixel by pixel
difference between subsequent time steps. Peak performance
of this modei (89%) closely matched the results of untrained

human subjects.
In the current work, an optical flow representation rather
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than the delta image was used. Cells in area MST of visual
cortex seiectively respond to specific patterns of optical flow
(Duffy & Wurtz, 1991). This flow information has been inter-
preted as representing egomotion, but may aiso be valuable
for segmenting independently moving objects (Zemel & Se-
jnowski, 1995) and recognizing different patterns of lip move-
ments. This higher-level visual representation may be more
resistant to varying illumination conditions, and other forms
of noise, than the pixel-based delta image.

Our optical flow compatation was based on the standard
brighiness constraint equation, followed by thresholding. Ex-
perimentation with more sophisticated 2nd-order optical flow
techniques resulted in extremely noisy output, presumably
due to violation of the rigidity constraint. The optical flow
representation formed the input to an HMM which was trained
on spoken digits from a database of 12 speakers, Peak perfor-
mance of 61% was obtained with a 9-state model. Adding in-
formation about the acceleration of lip features (differences in
optical flow) resulted in an additional 10% improvement,
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