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EXECUTIVE SUMMARY

This deliverable deals with the algorithms developed in the field of image recognition.
It covers especially the algorithms for face detection and for face recognition. Since
these algorithms are working with so-called models that means templates that are used
for the detection, they can be extended to other objects as long as those object are of a
typical structure.

Face detection and identification are playing a significant part within the imagination
project in order to automate the process of annotation and the creation of knowledge.
These tools are combined with person segmentation tools and text mining tools in order
to enhance metadata information for images either they have or don't have textual
captions.

Disclaimer: The IMAGINATION Consortium is proprietary. There is no warranty for
the accuracy or completeness of the information, text, graphics, links or other items
contained within this material. This document represents the common view of the
consortium and does not necessarily reflect the view of the individual partners.
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1 INTRODUCTION

The following paragraphs describe in a specific way what kinds of algorithms have been
used in the field of object recognition. Object recognition means in a first step detecting
a certain object type and probably in a second step assigning a specific subtype to the
object. The type of objects mainly focused on within Imagination is the human face. In
this context the meaning of the subtype classification is for example a gender
classification or the identification of the person.

2 FACE AND OBJECT DETECTION

The approach chosen to detect objects and especially faces is based on an approach
outlined below, but described in more detail in [1].

The principle of the used classification mechanisms can be applied for the detection of
any type of object as long as the object consists of a typical structure. The information
about the structure of the object type is stored in a so called model. The model is built
from a large number of typical representatives that are adjusted manually by marking
typical points (like the eyes in a face). These representatives then are cut out in a pre-
given size (for example 24 pixels x 24 pixels for face detection).

=

Figure 1 Typical samples of faces and non-faces. The faces all are aligned in a way that the
eye positions are the same within each image. Thousands of typical representations of each
object are needed in order to train the model.
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2.1 Training

We have implemented a so called feature pool that extracts a total of approximately
30 000 features all over the region. These features contain so called Census features [3],
gradient features and local structure features. The features are selected in such a way
that they are robust against variations in lightning as shown in Figure 2.

e
-

Figure 2 The Census Transformation. This figure shows how the result of transforming two
significantly differently illuminated images (leftmost and rightmost face) result in very similar
transformation results (left middle and right middle)

Starting from these 30 000 features then in a training process those features are selected
that are most feasible are selected with respect to their ability to distinguish between the
given samples. The selection and training process is conducted using the Adaboost
Algorithm that is described more precisely in [1]. A schematic view of the whole
training process can be seen in Figure 3.

Face samples
" = "1

Feature pool:
gradient, census, ...

ﬂ Face model

:7
%

Nonface samples

Training algorithm

Figure 3 Training of the face Model. From a feature pool those features are selected that
enable a maximum separation between the different sample classes. That from the face model is
built.

2.2 Classification

During the classification process each image is scanned using the model that is shifted
all over the image. Hence each image region has to be compared to the model. In
addition several downscaled images of different size have to be analyzed. This is
necessary because the model consists of a fixed size but it is the intention to find faces
of different size.
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In order to improve the speed of the classification process the model is built as a multi-
stage cascade as described in Figure 5.

== — = g
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Figure 4 Scanning Images for Faces. Each location of the image has to be searched as well as
subsequent down-scaled images.

Analysis

Window 1. ’ -I'_ - ! - Face
- LY
[ . I =

Reject Reject Reject Reject

Figure 5 Classification Cascade. Each window is at first analysed with a very small number of
features. In this way a huge amount of windows can already be rejected while a small amount of
face candidate regions are further analysed with more features. This process is performed
several times and results in a great speed-up of the algorithm.

2.3 Gender Classification

Gender Classification works in principle in the same way as face detection does. We
build a model from a huge training set showing male and female faces. From that
training data a model is derived that consists of that selected features that are capable of
distinguishing the two classes. With this model a detected face then can be classified as
male or female. At the moment the gender classification works best with European
faces, since the training images were selected from mainly European faces. On the
BiolD dataset [4] this model achieves a recognition rate of 90%.
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3 FACE IDENTIFICATION

Identifying a face means to assign a certain ID to the face which is stored in some kind
of database and that corresponds to an already know identity. As soon as the face
detection has been able to detect one or more faces within an image, the next step of the
face identification is started to propose which face belongs to which person.

The challenge within the imagination project is that the faces are not always orientated
exactly frontally — the pose of each face may vary within a quite huge range (about
+45° out-of-plane rotation). Hence the idea of estimating in a first step the pose of the
head and estimating the full frontal face from the estimated pose in beginning of the
identification step appears to be promising although the implementation is sophisticated
and quite complex.

Another approach is to use a window based approach in which features are calculated.
The feature values can then be accumulated in histograms and these histograms can then
be used for training and classification. This approach was used within the imagination
project and is explained in more detail in following paragraphs.

The training process for identification is similar to that for detection. Again a general
model is built using two opposite classes, consisting of a large pool of face images.
Image pairs are built on the one side from the same person and on the other side from
different persons respectively (see Figure 6). On each image pair a “feature pool of face
regions” is calculated using a histogram based approach that counts the outcomes of
feature calculation within certain regions of the face. Using this method results in
greater robustness against varying poses. The modified features then are used to train an
identification model in the same way as explained above for face detection. For the
training of this generic model a huge amount of approximately 1000 face pairs for each
class is needed.

Image pairs of the
same person

Feature pool of
face regions

Image pairs of
different persons ﬂ

Identification model

Training samples

Training algorithm

Figure 6 Training of the Identification Model. A huge set of image pairs (pairs of the same
person and pairs of different persons) is used for training. Compared to the training for face
detection an adapted feature pool of face regions is used. The rest of the training is working in
the same way as the training for face detection.

The identification works as following: a probe (the face where we want to get the ID
from) is stitched together with each of the faces stored in the gallery of know faces.
Each thus created face pair is evaluated using the identification model. The out-coming
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score is a similarity measure between the probe and the gallery face. Thus an ID or a
ranking of the best 5 IDs can be created (see also Figure 7). Hence in order to identify a
certain face, at least one sample of the face has to be in the gallery, but of course several
faces at differing poses will increase the robustness.

Gallery of known faces Identification Identity
model

Mr. Schmitt

Frobe (unknown face) .- 4 7

=
J
—

Figure 7 Identification Process. At first pairs of images are created using the probe and the
gallery of known images. With the identification model each pair is investigated and the
returned score indicates which identity the probe belongs to.

4 CONCLUSION

Algorithms for fast and robust face detection and face identification have been
implemented. First results show that especially the face detection algorithms perform
very well on a broad variety of images and hence are especially suitable in the context
of the Imagination project. The implemented identification algorithms show up to also
perform quite well, but their effectiveness has to be evaluated further on.
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