


introduction

In computer vision, face detection still remains a field of research. Lots of attempts have been
made in order to automatically detect and recognize human faces in natural scenes. The
variety of background, conditions and the non-rigidity of human faces make this computation
difficult. So it is a challenging task to find an efficient model which could cope with all these
variations.

Several techniques for computational face detection exist nowadays. Some emphasize the
speed of computation, others the robustness of the detection. And generally, most of them in
order to be efficient required to be performed with respect to some constraints (i.e. faces in
frontal view}.

Whereas neural network-based and feature matching-based algorithm are well (spread ) ’ ?
techniques, this paper will present a different approach. The detection scheme proposed m this
project is a feature-based method using oriented Gaussian derivative filters. The use of these
filters is controversial since their response may generally present more false alarms than
previous cited techniques. However, the advantage is that they can highlight all the features
which have a common direction, by blurring all the edges which have a different orientation

from the one of the filters. Moreover, as human faces present variations in shape, expressions

and illumination, it is necessary to find an approach that avoid if not all at least one of these
problems. The use of Gaussian derivative filters could also be justified since their response

are not very sensitive to a change of the face shape, expression or even illumination.

This paper will deal with front-view faces mainly for optimization and tuning purpose.
However all the algorithms can be easily extended to cope with varied scenes. By using
several filters with appropriate orientation, it will be shown that good performance can be
achieved.



A. Method

The method adopted is a coarse-to-fine approach. The algorithm is divided mto 2 major parts.
The first one is critical since it performs image enhancement so that main face features can be
extracted, whereas the second one processes the data coming from that extraction.

The algorithm scheme is the following.

First part:
- Image filtering
- Feature extraction
Second part: _
- Vectorization and grouping
- Determining regions of interest
- Face localization

Each step will now be presented in detail.

1. Image filiering

By using Gaussian derivative filters, the challenge is to be able to highlight all the common
features present in faces without highlighting the noisy background. Instead of using multi-
scale Gaussian derivative filters, only 2 second derivative of a'Gaussian shown in figures 1
and 2, were chosen. The reasons are multiple. First, filtering is a long process, so by limiting
the number of filters the computation time will be reduced. Second, features that Gaussian
derivative filters with large variance can detect, can also be detected by Gaussian derivative
filters with small variance. Third, the larger the variance, the more blurred the filter response.

Yigure 1 : second derivative Gaussian filter oriented Figure 2 : second derivative Gaussian filter oriented
horizontally vertically

The horizontal Gaussian derivative filter present a variance of 2 in its long axis whereas has a
variance of 0.8 in its short axis. The vertical Gaussian derivative filter is just the same as the
horizontal one but is totated of 90°. Several Gaussian filters with different variance were
tested but those with values mentioned above gave better results by producing detailed
responses. Figure 3 and 4, 5 show the original image and the corresponding output of the
filters, which is evaluated as follows:



Let G be the output of a filter response, Yi the intermediate output and Y the final ouiput.

Y, =G . Computes the energy of the response

Y, =log(Y:) : Effects of strong edges are lessened (in some work, to eliminate the
effects of strong edges, a threshold is used instead. By doing so, it is
possible to also eliminate face features, therefore a logarithm is applied
to the output)
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Figure 3 : original image Figure 4 : image filtered with the  Figure 5 : image filtered with the
horizontal-oriented filter (HOF) vertical-oriented Gaussian (VOF)

In a general manner, if the orientation of a subject is unknown, several oriented filters have to
be used sequentially. For each of them, by using a perpendicular second Gaussian derivative
filters, the boundary of the face can be brought to the fore.

2. Feature extraction

This step exiracts face features with high energy. The idea is
to perform a non-maxima-suppression algorithm. As
interesting features can have low energy, it is necessary to
perform that suppression locally.

A simple algorithm is used. For each pixel of the preceding
outputs, the number of connected pixels which has a higher
intensity is counted. If this number is less than a certain i
threshold, then the pixel is said to be a local maximum (white Figure 6: features extracted for
pixels), else it is switched off (black pixels). After several the HOF

tests on different images, this threshold was chosen to be 2
connected pixels for better results.

The next step is to apply a skeletonization algorithm on the §
outputs. The aim is to remove any exira pixels while |
preserving the properties and features of the images. From
that, lines will be obtained and will be processed for the
vectorization.

Figure 7: features extracted for
Figure 6 and 7 show the output of the non-maxima- the VOF
suppression algorithm followed by the skeletonization.



3. Vectorization and grouping

The vectorization process converts lines into vectors and groups them according to their
closeness. Closeness is calculated by sampling 2 lines and comparing relative distances
between sample points, If for some sample points, this distance turns out to be below a certain
threshold, then these vectors (or lines) or classified in the same group. The distance used is
the Buclidean distance. Clusters of vectors are thus formed as shown figure 8 and 9.
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Figure 8 : clusters of vectors for the HOF Figure 9 : clusters of vectors for the VOF

Then, pairs of clusters are found by comparing similarities between clusters. A pair is found
when the angle formed by their centroid does not exceed 10 degrees. This is a perceptual
value, found to be appropriate after several tests on different scenes. Figure 10 et 11 show
these pairs. "
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Figure 10 : pairs of clusters for the HOF Figure 11 : pairs of clusters for the VOF

- Identifying pairs has 2 purposes. First, it is used to localize possible eyes (output from HOF).
Second, it divides space into smaller regions of interest (output from VOF).

4. Regions of interest

By combining the results obtained so far, specific regions of

i
interest can be determined. As vertical paits (cluster pairs | f i
resulting from the VOF) delimit a region in space. An j 1
assignment is performed. Horizontal pairs (cluster pairs %\ ‘

resulting from the HOF) are assigned to a vertical pair if and
only if they are inside the region delimited by the vertical
pair. Besides those horizontal pairs, single clusters (opposed
to a pair) are also assigned the same way provided that they
are sitnated in the same region of space. Then regions where
a face may be found are localized.
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Figure 12 : regions of interesi



3. Face localization

The final step of the algorithm is to check the
presence of a face in each of the regions of interest
found previously. For that purpose a model is built
and correspondences are looked for. The model is
shown opposite and consists in estimating relative
position of main features of a face such as the eyes,
the mouth, the boundary of the head from 4
directions. The distance estimation and error
tolerance made are perceptual and comes from
tests as well. If it is possible to match all the
features. of the model with some clusters in a
region of interest then a face is detected. So the
output of the algorithm is not a probability to have
a face, but simply is a yes/no answer in so far as it
comes from a decision tree (left-right boundary
detected -> eye detected -> mouth detected).

B. Resulls
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Figure 13 : model used for the detection

To test the algorithm, the database from BioID Technology Research was used. The dataset
consists of 1521 gray level images with a resolution of 384x286 pixel. Each one shows the
frontal view of a face. All parameters were tuned so that they can detect faces corresponding
to that size. Tests were run without changing the parameters of the algorithm.

Variation of illumination and face expressions




