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Abstract. In this paper, we present an active vision system that imi-
tates the human viewing strategy. We know that gaze control is a major
activity in scene observation. In fact, a person instinctively directs his
visual fixation point toward regions of interest containing salient infor-
mation. This information is then acquired by the region of the retina
near the center of the field of view, i.e. the fovea. In this region, the
acuity and the color sensitivity are higher. In order to mimic this hu-
man behavior, we have developed a novel active vision system based on
a particular stereovision rig. It is composed with one camera, one prism
and a set of mirrors. To direct the fixation point, the prism is rotated
about its axis by a motorized stage. The system is designed for accu-
rate dynamical adjustments of gaze and for operating at video rate. To
validate our approach to active perception, we have developed a simple
observation strategy for a real scene with dynamic objects. We present
an experiment on real videos, which show its efficiency.

1 Introduction

Cameras have become widely popular sensors in mobile robotics because of
their closeness to human perception. Since vision is our most valuable sense,
researchers are inclined to incorporate such capabilities in the mobile machines
they build. The traditional vision systems are generally based on the concepts
defined in the Marr paradigm [1]. The latter is widely used, but unfortunately
does not lead to successful vision applications performing recognition and navi-
gation tasks. In fact, most researchers consider either a static or mobile sensor,
but never a sensor with adjustable properties. That is why Aloimonos [2], Ba-
jcsy [3], and Ballard [4] have suggested a radical change of the Marr paradigm
by proposing the concept of active vision. For example, with a moving acqui-
sition system we can greatly increase the field of observation of the sensor. A
second example is an active stereovision system with two mobile cameras that
can control the vergence, that is, the points of interest that are observed with
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no disparity. Since the theoretical framework described by Aloimonos, Bajcsy
and Ballard, many projects have been developed that mimic as much as possible
the human visual system. They mainly relate to vision heads for mobile robot
navigation [5, 6].

Others works are focused on the development of humanoid robots imitating
human behavior as accurately as possible. Kozima [7] has developed an infant-
like humanoid robot, fitted out with a foveated stereo vision head, to investigate
the underlying mechanisms of social intelligence and communicate with human
beings. In [8], Aryananda has presented an active-vision humanoid robot head
able to interact with people using simple visual and verbal actions during long
periods of time.

An other domain where active vision systems are widely used is driver assis-
tance. Clady [9] developed a vision system for tracking a specific moving object,
i.e. the most dangerous car, in a sequence of road images. In [10], Pellkofer and
Dickmanns described an approach to optimal gaze control for autonomous ve-
hicles equipped with a vision system. Their goal was to determine the direction
to observe and to predict the future situation. In [11], they proposed a vision
sensors composed of four cameras with different focal lengths. Their system was
mounted on a pan-tilt camera head and was designed in order to perform smooth
pursuit and saccadic movements.

But, all the active vision systems mentioned before are mechanically com-
plex, big and heavy. In this case, inertia does not permit a fast and precise
movement of the whole system. In order to overcome this drawback, we have
developed an active stereo vision system able to rapidly change its gaze, thanks
to a very compact and light motorized part. This article is organized as follows.
Section 2 presents an overview of the stereoscopic rig with an analysis of gaze
orientation. Section 3 describes a simple strategy for controlling the gaze of an
active vision system. In section 4, the applicability of this approach to our ac-
tive stereoscopic rig is demonstrated with experiments on a real image sequence.
Finally, conclusion and outlooks are given in section 5.

2 Active Stereoscopic Rig

2.1 Sensor description

A schematic top view of the stereoscopic sensor is presented in figure 1(a). The
sensor is composed of a single camera, of two lateral plane mirrors, marked as
a, and b, in figure 1, and of a central prism with two planar reflective surfaces,
marked as c,.

This setup is similar to the system described in [12], except that the prism
can rotate about the axis defined by the edge at the intersection of the reflective
surfaces, marked as d,. The mirrors project the left and right images of the
stereo pair onto both halves of the imaging surface of the camera, yielding the
equivalent of two virtual cameras with parallel axes. Without orientation of
the prism and for a specific pose of the lateral mirrors, it can be shown that
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Fig. 1. Stereoscopic setup without and with rotation of the prism

the optical axis of a virtual camera is parallel to the optical axis of the real
camera [13].

The optical axis of the camera intersects the edge of the prism, which is
projected as a vertical straight line through the center of the image. This straight
line, which does not move when the prism is rotated, splits the single image
into two half images that would be separately formed by the virtual cameras
marked as l, and r, in figure 1(a). Rotating the prism changes the orientation
of both optical axes while keeping them parallel [14]. Figure 1(b) allows one
to understand the modifications of the optical properties of the setup when
the prism is rotated about its vertical edge. For a rotation γ of the prism the
orientation of the field of view is twice the angle γ, but in the opposite direction.
In fact this orientation of the stereoscopic setup is similar to what happens when
we change the direction of our gaze without rotating the head.

2.2 Active vision servoing setup

Our active vision host system is a personal computer, equipped with a picolo
frame grabber. The stepper motor (200 steps per revolution), which is coupled
with a reducer, is controlled by a GCD 93-70 Phytron module (cf. figure 2). The
maximum angular speed is near 70o/s and the accuracy 0.001o. Compared to
human capacities, whose eyes movements angular velocity can reach 900o/s [15],
the dynamical performance of our sensor is poor. However, in this particular
application to driver assistance, it is able to shift the field of view quickly enough
and track vehicles precisely.

3 Gaze Control Strategy

3.1 Minsky’s frame system theory

People, in order to identify objects, make an extensive use of their characteristics.
Then, they can decide if it is important or not to pay attention to a given object.
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Fig. 2. Active vision servoing set

For many years, researchers have tried to reproduce artificially this cognitive
perception behavior. Minsky [16] has recently proposed a representation scheme
of human knowledge, which organizes basic knowledge into chunks called frames.
Frames are supposed to capture the essence of concepts or typical situations. This
includes information about how to use the frame, about expectations, about what
to do if expectations are not confirmed and so on. Therefore, this model assumes
that, when we meet a new situation, we select the appropriate frame from our
memory.

According to this principle, there are two types of frames in the human mem-
ory: general frames, acquired by learning or by generalization of lived experi-
ments, and instanced frames, which are more precise and testify of the memory
of known objects or lived situations. Considering these different frames, we can
extract information from an observed scene in order to select the elements which
are the most important.

For example, for the analysis of a visual scene, frames describe the scene
observed from different points of view. In this case, transformations between one
frame and another represent the effects of motion. We distinguish two types of
frames:

– Object frames that describe the shape of a real object, but also the evolution
of this shape when it is observed from various angles.

– Location frames that are aggregations of object frames used to represent the
global scene.

Spatial relations between several object frames represent the positions of ob-
jects with respect to each other. The temporal relations between object frames
aim at characterizing object motion. Location frames describe the scene by the
instanced particular frame objects.

Minsky’s goal was to supply a theoretical model allowing robots to perceive,
make reasonings and react in imperfectly known environments. Actually, he did
not propose a computer implementation of his theory. However, the concept of
frame that Minsky describes, is very similar to the concept of class and class
instances, i.e. objects, that is used in object-oriented programming.

In a computer implementation of Minsky’s approach, frames are represented
by class instances that are constantly updated in order to represent accurately
objects of the scene. Class variables represent object characteristics, such as:
type of object, spatial position, speed, date of perception, etc [17]. These data
are updated according to various criteria : time since the last perception, number
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of times when the object was perceived, object importance for the task to be
performed, dynamic properties, etc.

3.2 Our Strategy of Perception

When driving, human strategy of perception depends on the road context. In
fact, the situations on a motorway or in a city are different. In a city, we meet
several types of users, roads and rights of way. On a motorway, not all users
are allowed and the traffic must respect different specific rules. The strategy of
perception depends also on the goal selected by the driver : to follow a car or to
reach a destination by following successive roads. A relevant perception strategy
must take into account the selected driving context.

In this study, we focus on a simple situation of driving on a one way road in
presence of other vehicles. So, we need to orient the sensor gaze ahead toward
objects detected on the road. After looking ahead a time depending on our
velocity, we shift our gaze on the object which seems to be the most relevant.
We smooth pursue the latter, either after a time or until an other object becomes
more relevant. Then, we shift back to the ahead gaze. Basing on the Minsky’s
theory explained before, we developed a strategy of perception which is computed
and updated for each frame. We call ’Observation Index’ (OI) our basic strategy
for scene perception. It allows for selecting the object that should be observed
among all the objects identified in the scene. If multiple candidates for fixation
are present in the list, the one with the maximum OI is selected. Candidate
objects are determined using stereo images and several associated features are
computed such as position, speed, size. . . . For each candidate object an OI is
computed, based on a combination of these features.

We build a table including OIs to represent the activity of the scene, i.e. its
actual content and variations of this content. Finally, the sequence fixation points
to be observed is derived from this table. The date and duration of observation
of each candidate object, which are also derived from its OI, are stored in the
same table. For every image, the table is updated for each candidate object, even
if the latter is not in the field of view of the system.

4 Experiment

To test the validity of the described approach, experiments were carried out in
which the prism orientation is controlled to change the gaze. An example of
stereoscopic images (two half images) is shown in figure 3.

Two objects, i.e. candidates for gaze fixation, are moving in the scene. Ob-
ject 1 is twice faster than object 2. At the beginning of the sequence, object 1
is close to the sensor, then the two objects are at the same distance, and finally
object 1 gets further. The OI for this experiment is the inverse of the distance
between the object and the sensor. Therefore, the observed object is the closer
one. For fixation we bring the object in the middle of the dominant half image,
here the right one. Gaze is controlled with three steps: 1) template matching
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Fig. 3. Stereoscopic images

yields the center of gravity of the detected objects, as well as speed and 3D mea-
surements; 2) retinal errors, i.e. distance between image center and object center,
are computed; 3) the error signal is used by a PID to control the orientation of
the prism.

In the sequence of images of figure 4 either object 1 (on the left) or object 2
(on the right) is in the middle of the image, thanks to the orientation of the
field of view. Table 1 gives the object distances and the computed prism angle.
In image 24 of the sequence, object 2 becomes closer than object 1. The active
vision shifts the gaze to bring object 2 in the middle of the image.

Table 1. Table

Image number 1 11 13 18 23 24 29 34 39

Object number 2 1-2 1 1-2 1 1 1-2 1-2 1-2
Prism rotation (o) 0 0 +4.1 0 +3.6 0 -0.2 0 -0.3
Z1(m) - 2.8 3 3.2 3.4 3.4 3.6 3.8 4
Z2(m) 2.9 3.1 - 3.3 - - 3.5 3.6 3.7

5 Conclusion

This paper presents a basic approach to gaze control with a particular active
vision system. In the first part of the paper we have described our active vision
system. It is built to be very fast and precise because of the low inertia of the
mobile prism. In the second part, we have established a basic strategy for the
perception of a real scene. Experiments seem to validate our approach. In the
future, we will characterize more precisely the process in order to derive a more
robust control law for increasing the gaze control speed.
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Image 1 Image 11 Image 13

Image 18 Image 23 Image 24

Image 29 Image 34 Image 39

Fig. 4. Sequence of Images
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application à la simulation de trafic routier. PhD thesis, Université de Bretagne
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