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Abstract

In this paper a technical realization of an attentional mechanism extracting salient regions
in face images is presented. Using the knowledge of the eye movement strategies of the human
visual system the attentional mechanism localizes prominent regions in natural images.
Elementary visual features are derived from high-resolution digitized images and represented
in a so called topographical attention map. A top-down algorithm analyzes this map imple-
mented as a multi-scale representation by searching the most salient features in each repre-
sented scale. The scale information is propagated from coarse scales to the next higher resolu-
tions while the extent of the fixated region is adapted. After the extraction the selected and now
locally limited regions are analyzed and interpreted. The proposed attentional mechanism is
part of an image processing system identifying faces with dysmorphic signs. To improve the
classification of a local analysis module, it is intended to examine these characteristic areas
with specialized algorithms. This knowledge based approach shows that an artificial attention
control system is capable of localizing the prominent facial areas (eyes, mouth, nose, etc.) in
face images only based on elementary image features. The proposed algorithm can also be used
to detect other attentive regions in any images based on appropriate features.

1 Introduction

Image processing algorithms whose realization do not include attentional influ-
ences have been shown to be computationally intractable [1]. The visual search task
in the bottom-up case is NP-Complete in the size of the image, while the task-
directed case has linear time complexity in the number of items in the display. These
complexity considerations suggest that attentional mechanisms may be required to
perform successfully an image analysis problem in real time.

Inspired by the eye movement strategies of the human visual system [2] the atten-
tional mechanism selects prominent areas of the image to analyze only the informa-
tion essential to a current task [3]. Irrelevant image regions are ignored and do not
need to be processed further. Thus, image processing with attention control simpli-
fies computation and reduces the amount of processing [4].
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At the early stage of preattentive processing elementary features like motion,
color, orientation, edge information and others are derived in the human visual
system [5]. These features establish a preattentive representation, the so called
"primal sketch" [6]. The control of the visual attention is based on this representation,
which localizes spatial regions of interest in the order of their importance.

This paper presents a technical realization of an attentional mechanism simulat-
ing these physiological strategies. The approach is based on investigations of J.
Tsotsos, who first developed "a prototype for data-driven visual attention" [7, 8].
Certain aspects of this model are not addressed in the presented paper, such as the
inhibition of not relevant regions or the neural like modelling. Instead, emphasis is
placed on a fast data-driven realization of an attentional mechanism localizing the
prominent regions in face images. Our attentional mechanism will be used as an
essential component in the building of a complete image processing system
identifying faces with dysmorphic abnormalities [9].

The proposed model consists of a topographical attention map coded in a multi-
scale representation and an algorithm propagating the selected regions from coarse
scales to the next higher resolution. For the results presented in this paper, two of the
elementary visual features, edge and brightness information, are derived to guide
the selective attention. The potential of the attention scheme is proposed by using
facial 512x512 digitized gray-level images of normal and dysmorphic children.

2. Methods

The proposed attentional mechanism consists of a set of hierarchical computa-
tions. Task-oriented image information is derived and coded in a topological atten-
tion map comparable to preattentive visual stimuli. This map is transformed to a
multi-scale representation and in the following analyzed to detect attentive image
regions. A localized area is adapted to the extent of the underlying visual object and
is extracted. After a local analysis it is suspended from the following processing of
the attentional mechanism and the next salient region can be computed.
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Fig. 1. Model of the multiscale representation. First, the original gray level image, the topological
attention map in the highest resolution and 3 levels of an octave representation




21  Multi-scale representation

At the highest resolution, 512 x 512 pixel, the gray level image is transformed to a
task-oriented image representation. The fast data-driven preattentive representation
is given by the edge information provided by a 5 x 5 sobel filter, or alternatively by
the brithtness information. The topological attention map is initialized with task-
oriented weights which emphasize global image areas. For example, the image areas
in the center are more important than the corners. The extracted image information
is represented in the topological attention map by multiplication with a constant
initialization. Multiresolution techniques are used to present the attention map in
different scales [10]. We use a 5 x 5 gaussian convolution kernel to reduce the repre-
sentation size (Fig. 1). The selection of an optimal scale representation is task-
oriented and is one issue of this study. In a first approach tests were carried out
using 4 or 5 octave pyramid levels and later 4 or less non octave levels of fixed size,
because they enhance support of the detection of salient facial regions.

2.2  Adaptation of the extent

At the lowest resolution level of the attention map the actual, most attentive
region is selected by a region based maximum search algorithm. The localized
region is propagated through the entire hierarchy of the multi-resolution pyramid.
The local extent of the underlying visual stimulus is adapted in a way that attentive
visual objects will be detected completely. In each representation the region-growing
is controlled by an algorithm which is determined by (1):

A-1

A) =1+ a (A-1) + b;

a,b>0; (1)

where A is the area size and a, b are parameters determining the asymptotic
properties of the region-growing algorithm [7,8].

In this study horizontal or vertical rectangles are used for matching attentive
image regions (Fig. 2). During the adaptation process the edges of the calculated
rectangle are expanded or reduced at each side of the rectangle.

2.3  Suspension of analyzed regions

At the highest resolution the detected regions are extracted and analyzed with
specialized local algorithms [11]. After the analysis and local interpretation the
focused regions are suspended from the following processing steps of the attentional
mechanism. The intensity of the visual stimulus coded in the attention map is
reduced to zero. We have examined two different procedures:

1) Constant reduction of the intensities in the whole detected area.
2) Gaussian like degradation beginning at the center of the extracted rectangle.

Schedular (2) produces a smooth alteration at the borders of the selected attentive
region while the first one produces sharp changes. Very small attentive regions will
suspend only corresponding small areas using the first proceeding. The second one




can be tuned to suspend larger regions. We also investigated a temporal delay which
gradually reduces the suspension. The temporal degradation enables a repeated
detection of formerly suspended regions. Applying this procedure a dynamical
artificial eye movement record is created during a continued processing of attentive
image regions (Fig. 3).

3. Results and discussion

We have shown that an artificial attention mechanism based on elementary fea-
tures is able to detect salient regions in face images. In this paper, only brightness
and edge information is used as input to the presented mechanism. These two basic
features are sufficient for the detection of prominent facial regions, although the use
of other features is possible.

The selected regions (Fig. 2) as well as the computed scan path (Fig. 3), which
resembles the eye movement strategies observed in the human visual system, show
an appropriate accordance with the salient image areas.

Fig. 2. Detection of characteristic facial regions Fig. 3. Computer based attention record

The shown model is implemented in software on a SGI Indigo R4000 workstation
and the measured performance in computing an attentional path with 20 steps lies
between 7 and 10 seconds using high resolution, 8-bit, digitized, gray level images.
The proposed algorithm is also tested on other real world images. The computed
attentional mechanism localizes the salient areas in the natural scenes independent
of the structure of the image data and the underlying task. There are no prerequisites
to be taken like normalization or segmentation of the image data before the start of




computation. The presented model can handle all sizes and arrangements of image
objects within the processed data. The use of the model of processing hierarchies
combined with a maximum search as against a neural based approach with inhibi-
tory qualities enhances the performance of a sequential processing of the attentional
mechanism.
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