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ABSTRACT

The objective of this work is the integration and
optimization of an automatic face detection and
recognition system for video indexing applications. The
system is composed of a face detection stage presented
previously which provides good results maintaining a low
computational cost. The recognition stage is based on the
Principa Components Analysis (PCA) approach which
has been modified to cope with the video indexing
application. After the integration of the two stages, several
improvements are proposed which increase the face
detection and recognition rate and the overall performance
of the system. Good results have been obtained using the
MPEG-7 video content set used in the MPEG-7 evaluation

group.

1. INTRODUCTION

Face recognition has been object of much interest in the
last years [1] [2]. It has many applications in a variety of
fields such as identification for law enforcement,
authentication for banking and security system access, and
persona identification among others. In addition to all
these applications, there is an increasing interest to specify
standardized descriptions of various types of multimedia
information. This description will be associated with the
content itself, to allow fast and efficient searching for
material that is of interest to the user. This effort is being
conducted within the activities of the new standard
MPEG-7 (Multimedia Content Description Interface) [3].

It is in this context that face recognition acquires a
renovated interest and there is a need to develop new tools
that may help the user that browse a data base to answer
the following type of query: Is there any face in this video
sequence that matches that of Sean Connery? The
automatic answer to this question is at this time very

difficult, and it needs, at least, three stages. segmentation
of the sequence in different objects, location of objects
that correspond to human faces and recognition of the
face.

Face recognition of video sequences has many
problems as, in general, the person’'s face is exposed to
very different illumination conditions, different size scales,
different face expressions, and specially in many occasions
significant parts of the face are occluded and only limited
face information is available [1], [2]. In addition, in many
data base applications the accepted test sequences are in
MPEG-1 format what poses additional problems. There is
a need then, to develop efficient face detection and
recognition schemes which may take into account the CIF
format and the low quality present in MPEG-1 sequences.

It is in this context that this paper presents a
combined automatic face detection and recognition
scheme for video indexing applications. Our face
segmentation and detection scheme is based on a skin
detection approach followed by segmentation and region
grouping [4] which provides good results at low
computational cost. Our face recognition scheme is based
on Principal Component Analysis [7] which has been
modified to cope with the video indexing application [5].
The objective of this paper is to provide some
improvements to both the face detection and the face
recognition scheme which increase the performance of the
overall approach.

Section 2 presents a summary of the face detection
agorithm and the proposed improvements. Section 3
presents the basics of the PCA scheme and a new
algorithm which modifies the face recognition decision
stage and increase the recognition rate. Finally Section 4
shows some results which prove the effectiveness of the
modifications here proposed on the overall scheme.
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2. FACE DETECTION STAGE

The face detection stage used in our system [4] is
presented in Figure 1.
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Figure 1. Detection agorithm scheme.

The skin pixel detection is performed with a simple
colormap, using the Y CbCr color space. The second block
corresponds to the segmentation algorithm [6] which is
performed in two stages, where the chrominance and
luminance information is used consecutively. For each
stage an agorithm which combines pixel and region based
color segmentation techniques is used. After the
segmentation, a set of connected homogenous skin-like
regions is obtained. Then, potential face candidates (FC)
are obtained by an iterative merging procedure using an
adjacency criterion. Once the set of FC is built, it is
necessary to remove the ones that do not match to any
face. To that end some constrains regarding shape, size
and overlapping are used.

Some results are shown in Figure 2. Notice that the
algorithm is able to produce good face candidates but also
provides some candidates which do not correspond to any
face. Most of these erroneous face candidates will be not
recognized in the face recognition stage and will be
discarded, but at the expenses of increasing unnecessarily
the computational cost. Thus, if there are many erroneous
face candidates, the overall system becomes inefficient.
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Figure 2. (a)(b) Images with many similar face
candidates; (c) Face candidate that includes hair and (d)
non-face candidate.

In order to eliminate erroneous face candidates,
two new selection criteria of face candidates have been
designed and are presented below.

2.1. Selection criterion based on color

Face areas are characterized to have an homogeneous
chrominance component. Taking into account this fact, a
new selection criterion han been designed in order to
remove al the FC composed of regions whose average
color differs substantially, as is the case when hair and
face areincluded in the same candidate.

The new criterion is based on the chrominance
component of the regions that form the candidate face
regions. Given a FC composed of regions R;, R,, R; and
whose average values of chrominance are C,=(chy,cry),
Co=(ch,,cry) and Cs=(chbs,crs) respectively, the distance
between al the possible pairs of colors is obtained as
follows:

d(C,,C) = 22 (cby-chy)? - (cri-cr))?
ij

If the distance d(Ci, Cj) is greater than a certain
threshold, the corresponding FC will be discarded. Using
this very simple procedure, the results improve
significantly and many erroneous FC are discarded.

2.2. Selection criterion based on texture

In many ocasions the background has a color very similar
to that of a human face. In this case, the face detection
agorithm may fail. In order to better discriminate between
color like face and not face regions, a criterion based on
texture has been introduced. The selection criterion is
based on the detection of dark horizontal regions in the
image (eyes, mouth, etc.). The objective is to remove all
face candidates containing totally flat texture areas.

The first step is to apply a morphological horizontal
erosion of size 3 in order to remove the brightness
associated to white regions (eyes, teeth, etc.), (Figure 3 a).
Then, avertical close of size 15 is applied to eliminate the
horizontal regions (Figure 3 b). The objective of this step
is to obtain an image with horizontal zones. After applying
atexture threshold, a binary open with a square structuring
element of size 3 is performed to remove the spurious
zones that till remain (Figure 3 c). Once the spurious
zones are eliminated, the area of white pixelsis calculated.
If the area of each white spot is less than 3.5% of the total
area of the FC or greater than 15%, the corresponding FC
will be discarded.
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Figure 3. (a) Original grey scale image after erosion;(b)
Vertical close of (a).

Figure 3. (c) Fina image after binary open.
3. FACE RECOGNITION STAGE

The recognition stage integrated in our system is based on
Principal Component Analysis (PCA) [7] which has been
modified to cope with the video indexing application [5].
In particular, what is wanted here is to know whether a
specific person is present in a particular shot of a video
sequence. In this case it is more useful to perform a PCA
on a set of different views of the same face which isto be
recognized. Let us clarify it with a very simple example.
Assume that a video sequence is to be indexed and what is
wanted isto find out whether three specific persons appear
in the sequence. The training images consist of different
views of the same persons. A different PCA is performed
on each set of views of each person giving three different
sets of eigenfaces, one for each of the persons who must
be recognized. It can be noticed that the main difference
with the norma eigenface approach is the number of
different sets of eigenfaces and the type of training face
images used.

The test and decision stages have to be modified
accordingly. In this approach, each test image to be
recognized is projected and reconstructed using each one
of the sets of the different eigenfaces. In the example
above, for each test face image to be recognized three
different reconstructions are found, one for each set of
eigenfaces. The unknown image will be said to match a
particular face, when the corresponding reconstruction
error using a set of eigenfaces be minimum. The use of an

appropriate decision threshold may also tell if the test
image does not match any of the training images.

This approach has been proved to be very efficient
for the recognition of individuals providing high success
rates [5]. However in some ocasions, this procedure is not
robust and presents some deficiencies. In particular the use
of a fixed decision threshold and the possibility that the
reconstruction values of the many possible face candidates
of the same frame lie close to the threshold, dificults the
decision stage of the face recognition scheme. In order to
cope with this situation and to improve the efficiency of
the face recognition system, a new algorithm for the
decision stage will be proposed in the next section.

3.1. Median Post-Processing

Let Shot, be a vector whose components are the minimum
reconstruction error of all face candidates of each one of
the frames that composes the analyzed shot. That is:

Shoty=[ g, €1, €2,..., €N-1, €N ]

where x represents the number of the shot that is
analyzed, N the number of frames that are processed
within that shot and e the vaue of the minimum
reconstruction error of each frame. For each shot, the
median value of Shot, will be considered as the
reconstruction error which will be compared against the
decision threshold.

This approach alows that the decision criterion
becomes independent from the number of processed
frames of each shot, since very likely, positive shots (shots
where the wanted person appears) will be represented by
vectors with smaller component values than the negative
ones. Therefore, the error that is in the central position of
the vector will be smaller.

4.RESULTS

The face detection and recognition integrated system has
been tested using the CIF MPEG-7 content set video
sequences. Let us cal original system the system that
combines the face detection sheme presented in [4] and the
face recognition scheme presented in [5]. Let us call
modified system the one with the modifications presented
in this paper.

Table 1 presents the number of face candidates found
in two video segquences of the MPEG-7 video content set.
The important reduction of face candidates can be noticed.
This alows to eliminate non-significant face candidates
which will not reach the recognition scheme.



. Original | Modified
Face candidates System System
Contesting.mpg
#frames 22518 10.193 4.525
Newsl11l.mpg
# frames: 42802 28735 12.654

Table 1. Face candidates

The face recognition rate of the scheme with the
proposed modifications presents an improvement of 5%
against the original system. The recognition success rate
when trying to recognize a person in a particular shot is
now of 90% (positive and negative successes). That is, the
number of times the system has been able to locate and
recognize a person in the shot or to decide correctly that
the person was not in the shot. The average running time
(defined as the ratio between the executing time of the
system and the analyzed sequence duration) has improved
30%. The total number of different persons analyzed is 12.

Figure 4. Faces automatically detected and recognized by
the proposed system

5. CONCLUSIONS

An automatic face detection and recognition system has
been presented. The system is based on a face detection
and a face recogniton schemes proposed previously
independently. The system is intended for video indexing
applications and is able to tell whether or not a specific
person is present in a video sequence shot. Recognition
rates of 90% are achieved for a variety of MPEG-1
encoded sequences
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