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Gabor Mosaics: A Description of Local Orientation Statistics, with
Applications to Machine Perception.

Javier R. Movellan and Ram S. Prayaga
Cognitive Science 0515
University of California, San Diego
La Jolla, CA 92093
{movellan, rprayaga}@cogsci.ucsd.edu

Qur goal is to understand the role of natural signal
processing by simulating it on machine perception tasks.
We use Gabor filters as a first approximation to the op-
eration of primate striate cortex. It has been proposed
that besides modeling the receptive fields of simple cells
in striate cortex (Jones & Palmer, 1987), Gabor recep-
tive fields provide an efficient and sparse code for natural
images (Field, 1994; Daugman, 1989). It has also been
proposed that one of the functions of this sparse code
may be to facilitate visual pattern recognition (Field,
1994). We test this prediction on a machine vision task:
automatic, speaker independent lipreading of the first
four digits in English.

Automatic visual speech recognition is being exten-
sively studied in the machine perception and cognitive
science communities. Besides its role in improving the
intelligibility of acoustic speech, visual information au-
tomatically modulates the perception of auditory sig-
nals (McGurk & MacDonald, 1976; Massaro & Cohen,
1983). In recent years lipreading has also received at-
tention for its application in the automatic recognition
of speech in noisy environments and because it pro-
vides a tractable avenue to computational issues on inter-
modal integration (Yuhas, Goldstein, Sejnowski, & Jenk-
ins, 1990; Bregler, Hild, Manke, & Waibel, 1993; Wolff,
Prasad, Stork, & Hennecke, 1994; Movellan, 1995).

In this project, we use a biologically inspired ap-
proach to early visual processing. We model striate cor-
tex as a bank of Gabor filter and propose a method to
visualize local texture and orientation using these fil-
ters. We model later recognition processes as a bank
of hidden Markov models, the most successful system
for the automatic recognition of visual and acoustic
speech(Rabiner & Juang, 1993). The recognition engine
was trained and tested using the following database.

Training Sample: The training sample consists of
4504 images (456 movies) of 57 undergraduate students
from the Cognitive Science Department at UCSD. Sub-
jects were asked to talk into a video camera and to say
the first four digits in English twice. Subjects could see
their lips in a monitor and were told to position them-
selves so that their lips were relatively centered in the
monitor. We tried a variety of illumination conditions
and allowed the lips not to be entirely centered.

Current Directions: We investigate whether Gabor
based representations do indeed create a sparser code in
our database. We analyze the resistance of this repre-
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sentation to changes in illumination and present results
comparing the performance of a pixel-based approach
and the Gabor-based approach.
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