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SYSTEM AND METHOD FOR
AUTOMATICALLY DETECTING NEUTRAL
EXPRESSIONLESS FACES IN DIGITAL
IMAGES

FIELD OF THE INVENTION

This invention relates to the field of processing and
interpreting of digital images and video that contain human
faces. More specifically, this invention relates to the
detection, recognition and facial expression classification of
the appearances of human faces in digital images and video.

BACKGROUND OF THE INVENTION

A neutral expressionless face is a relaxed face without
contraction of facial muscles and without facial movements.
It is the state of people’s face most of the time. The
appearance of a neutral face is needed for all existing
automated facial expression analysis systems. That is, to
classify a a facial expression, a generic automated neutral
expressionless face appearance is needed and provided by a
human operator. Face expression classification then, in
general, has three stages: (i) face detection and normaliza-
tion; (ii) facial feature extraction and representation; and (iii)
comparison of the feature representation to a feature repre-
sentation of the hand-annotated neutral face appearance. In
addition, compared to enrolling a face with dramatic expres-
sions in a face based person authentication system, the
performance of such face based authentication systems can
be much improved by enrolling and authenticating neutral
faces.

Face detection and normalization are often used tech-
niques in the general area of image and video processing.
Face detection is the first step of many face recognition
systems. Face detection is also the first step in facial
expression analysis for (say) human-computer interaction. A
face detection system finds positions and scales of the faces
in images and videos. A robust face detector flexibly and
reliably detects the face in the image or video, regardless of
lighting conditions, background clutter in the image, mul-
tiple faces in the image, as well as variations in face position,
scale, pose and expression.

The accurate detection of human faces in arbitrary scenes
is the most important process involved. The face component
template, skin color, contour, eigenfaces (U.S. Pat. No.
5,164,992 to Turk and Pentland), and other features can be
used for face detection. Many face detectors have been
developed in past 20 years. Some example algorithms for
locating faces in images can be found in (Sung and Poggio)
and (Rowley, Baluja, and Kanade).

Kah-Kay Sung and T. Poggio. Learning human face
detection in cluttered scenes. In Computer Analysis of
Images and Patterns, pages 432-439, 1995. (Sung and
Poggio)

Henry A. Rowley, Shumeet Baluja, and T. Kanade.
Human face detection in visual scenes. Technical
Report CMU-CS-95-158, School of Computer Science,
CMU, Pittsburgh, Pa., July 1995. (Rowley, Baluja, and
Kanade)

These references are incorporated by reference in its

entirety.

Oftentimes, face normalization is a necessary preprocess-
ing step for face recognition and facial expression analysis.
Generally, the face appearance images encompass a great
deal of variance in position, scale, lighting because of body
and/or head motion, and lighting changes because of envi-
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ronment changes. Thus, it is necessary to compensate or
normalize a face for position, pose, scale, and illumination
so that the variance due to the above mentioned causes is
minimized.

Furthermore, expression and facial detail changes result
in changes in the face appearance images and these changes
also somehow have to be compensated for.

After the face detection and localization stage there is the
face normalization stage. Here the eyes, the nose or the
mouth are identified using direct image processing tech-
niques (such as template matching, see below). Assume for
now that the line segment between the eyes is known and
that the exact location for the nose tip is available. The
detection of the location of these feature points (eyes, nose,
and mouth) gives an estimate of the pose the face. Once the
2D pose or the 3D position and orientation of the face is
known, it is possible to revert the effect of translation and
rotation and synthesize a standardized, frontal view of the
individual. Furthermore, the position of the feature points
allow for a rough segmentation of the contour of the face to
discard distracting background information. Once
segmented, a color histogram of the face alone can be
computed to compensate for lighting changes in the image
by transforming the color histogram to some canonical form.

If faces could be exactly detected and located in the scene,
the techniques for face authentication, face recognition, or
facial expression analysis can be readily applied to these
detected face. Face authentication systems verify the iden-
tity of particular people in real-time (e.g., in a security
monitoring system, location tracking system, etc.), or allow
access to some resource to a selected group of enrolled
people and deny access to all others (e.g., access to a
building, computer, etc.). Multiple images per person are
often available for training and real-time identification is, of
course, a necessity.

Compared to the problem of face authentication, face
recognition/identification is a much more complex problem.
Given an image of human face, a face recognition system
compares the face appearance to models or representations
of faces in a (possibly) large database of identities (e.g., in
a police database of mugshots) and reports the identity of the
face if a match exists. These systems typically return a list
of the most likely matches in the database. Often only one
image is available per person. For forensic applications like
mugshot searches, it is usually not necessary for face iden-
tification to be done in real-time. For background check, for
example, on points of entry or exit such as airports, imme-
diate responses are required.

The techniques for face identification can be categorized
as either feature-based (geometric) or template-based/
appearance-based (photometric), where the latter has proven
more successful. Template-based or appearance-based meth-
ods use measures of facial similarity based on standard
Euclidean error norms (that is, template matching) or
subspace-restricted error norms (e.g., weighted eigenspace
matching), see U.S. Pat. No. 5,164,992 to Turk and Pent-
land. The latter technique of “eigenfaces” has in the past
decade become the “golden standard” to which other algo-
rithms are often compared.

Facial expressions are one of the most powerful, natural,
and immediate means by which human beings communicate
their emotions and intentions. The human face expresses
emotions faster than people verbalize or even realize their
feelings. Many psychologists have been studying human
emotions and facial expressions and found that the same
expression might have radically different meanings in dif-
ferent cultures. However, it is accepted by 20th century






























