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Abstract. Recently, the focus of safety systems for intelligent vehicles has been
on researching and developing Advanced Driver Assistance Systems (ADAS).
Most efforts have been concentrated at the driver, not taking into account the
protection of the most vulnerable road users. This paper describes a pedestrian
detection algorithm based on stereo vision. The use of visual information is a
promising approach to cope with the different appearances of pedestrians and
changes of illumination in cluttered environments. Active contour models are
used to detect and track people from the images taken by an on-board vision
system, performing contour extraction in sequential frames.

1 Introduction

1.1  Motivation

Over the past 20 years, the high rate of road-accidents all over the world has moti-
vated the development of intelligent vehicles. The researchers community, the auto-
motive industry and several organizations, have been actively involved in improving
road safety through the development of ADAS[1]. However, work has been focussed
on the driver, whilst the protection of pedestrians has been relegated [2].

Projects that have dealt with this case are quite recent, as it has been pointed out at
the Fifth Framework Programme [3]. A possible reason for it could be the fact that
detecting pedestrians with an artificial system is a difficult task. The main challenges
are the high degree of variability of the human appearance, the cluttered backgrounds
and the changing lighting conditions. Moreover, the applications to protect pedestri-
ans define hard real time requirements. An open issue is which sensors are best to ad-
dress this complexity. Distance sensors, like radar or laser, have the advantage of giv-
ing a direct distance measurement. Among the disadvantages stand out their lower
resolution and their tendency to interfere each other if they are in closeness. On the
other hand, computer vision gives a richer description of the environment, although
the information is more difficult to process. Even if other sensors as lasers or radars
can detect pedestrians, vision is the unique that can comprehend their motion and pre-
dict their movements. For the reason that diverse sensors could be complementary,
some approaches have decided to integrate them.



The methods to detect pedestrians based on computer vision can be classified in three
main groups. Those that try to find simple features that define a person are at the low-
est level. Their main drawback is that if one of those features is not enough present in
the image, the pedestrian is lost. Besides, they are prone to false tracks. On the other
hand, there are methods that include some kind of learning. Generally, they are based
on neural networks. That type of methods require a lot of time to be trained. Model-
based approaches, take advantage of the two previous. Usually, a model of the person
is built, so they are more robust than feature based algorithms, but slightly slower.

1.2  Previous work

Papageorgious and Poggio [4] presented a pedestrian detection system based on
wavelet analysis and Support Vector Machines. However, the system was computa-
tionally expensive as it had to scan the whole image at multiscales. Gavrila and
Philomin [5] developed a real time pedestrian detection algorithm based on distance
transforms. This method performs a coarse-to-fine template matching. But the tem-
plate hierarchy cannot capture the variety of human shapes. Zhao and Thorpe [6] de-
veloped a robust algorithm for detecting pedestrians in cluttered scenes through ste-
reo-based segmentation and neural network-based recognition. Broggi et al.[7] also
used stereo vision, combining it with a verification technique based on symmetry
properties. Both systems got deceived by objects similar to humans. Recently there
has been an increasing interest in using infra-red sensors [8]. Although they can detect
pedestrians by the heat their bodies emit, pedestrians are not the only sources of heat
in a traffic environment.

2 The Pedestrian Detection Module

Active contour models or “snakes” were proposed by Kass ef al [9] in 1988 as a
segmentation scheme. Its ability to extract contours, even in presence of gaps or oc-
clusions, together with its dynamic behavior, makes this approach adequate for the
detection and tracking of non-rigid objects. The main drawback is their high sensibil-
ity to the initial position. In order to overcome this limitation, a stereo module is inte-
grated to guide the location of active contours.

2.2 Active Contour Models initialization

The motivation for using stereo vision is manifold. When dealing with images taken
by a non-static camera, most of the segmentation techniques used for non-moving
camera fail due to the movement of the camera. Among the advantages of using ste-
reo vision, it allows occlusion analysis, is robust to illumination changes and can de-
tect both moving and motionless objects.

In the system developed, stereo vision is used to generate a disparity map of the
scene (Fig. 1-d). As the pedestrians can appear in the scene at very diverse distances,
the use of range-information allows filtering the images based on distance measures.



Therefore, regions that are not at the desired distance are eliminated (Fig. 1-c), per-
forming subsequent calculations only on the filtered areas. Hence, two advantages are
obtained; On one hand, the algorithm is less time consuming. On the other hand, the
task of initializing the snakes is eased because only the filtered area is considered.
Since regions with high vertical symmetry are potential candidates for an active con-
tour initialization, vertical symmetries are looked for. With that aim, the vertical gra-
dient component of the filtered image is found and only pixels with high response are
taken. Then, pairs of pixels on the same line vote for central pixels as their symmetry
axis. An active contour is initialized in a symmetry axis, if the number of pixels that
vote for that axis is over a given threshold (Fig. 1-f).

Fig. 1. (a) A detail of the stereo system. (b) A right image taken by the stereo camera. (c) Gra-
dient image. (d) Disparity map (e) and the filtered image based on distance measures. (f) Both
vertical symmetries and snakes initialization region enclosed by bounding boxes are shown

2.3 Active Contour Model

Active contour models are proposed as energy minimization splines that, from an ini-
tial position, are deformed by external and internal forces, until they reach an equilib-
rium state. The major reason for their success is the possibility to integrate physical
and topological knowledge into the segmentation process. Our approach follows the
explicit contour representation proposed by Kass et al.[9], because it allows an effi-
cient processing and its physical properties can be controlled in a very intuitive man-
ner. In their seminal paper, Kass et a/l model a contour as a rubber band under the in-
fluence of image forces and elastic forces. Image forces are due to external energies
associated to a potential field that attracts the snake. On the other hand, elastic forces
counteract strong expansion and bending of the deformable model. They represent the
internal energy of the contour as a weighted combination of membrane and thin plate
energy. It is used to regularize the contour and hence to avoid strange effects. The



evolution of the contour is governed by the minimization of both internal and external
energies.

The internal energies used in this proposal extend the ones used by Williams and
Shah [10]. Their formulae maintain the points in the snake more evenly spaced than
Kass, so the natural tendency to shrink of the snakes is mitigated.
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In order to avoid shrinkage, a new internal force is included to control the shape of
the deformable model. This regularizing force prevents the shrinking effect of the
snake, as it is based on higher degrees of smoothness than the membrane and the thin-
plate energy terms, which are based on the first and second derivatives respectively.
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This term is based on the fourth derivatives along the contour and it looks for seg-
ments presenting no change on its center of curvature, and therefore are prone to cor-
respond to head and feet areas of a pedestrian. Once those segments are localized, the
amount of stretching and bending of them is modified locally.

While the classic active contour model is non-adaptive with respect to the underly-
ing image data, in this algorithm the elasticity and bending properties of the contour
are related to the underlying image structure. Firstly, curvature of the model is calcu-
lated and depending on its value, the elasticity and bending weights are modified. In
general, bending of the snake is not too much allowed. Next, for those segments in the
curve that present a slight curvature, the new energy term is calculated. Therefore, the
snake is constrained to deform in a particular way.

(a) (b)
Fig. 2. (a) Vertical gradient and (b) its distance map

For the external forces, a new potential field which smoothly extends over a long
distance is defined. So, the snake is affected not only by surrounding features. The
fact that pedestrians have a strong vertical symmetry is exploded to construct the po-
tential field. The same idea was used to decide where to put an active contour. There-
fore, a distance map of the symmetry axes obtained from that stage is constructed. In
order to avoid the snake shrinking to the axis, movement is allowed until it reaches a
vertical edge. Besides this potential field, the image gradient (Fig. 1-c) and distances
to vertical borders (Fig. 2-b) are also considered.



The deformable model proposed extends the greedy algorithm of Williams and Shah
as it is a stable, fast and flexible optimization technique. This approach is adequate for
non-rigid objects detection and tracking, performing contour extraction in sequential
frames. Once the snake is initialized on an object contour in the first frame, it will
automatically track the contour from frame to frame. This method requires small de-
formation and movement of an object between frames.

Some points in the snake are still prone to errors, like getting trapped into the
shadow of the pedestrian (Fig. 3-d). Besides, if the external forces are not strong
enough, the snake tends to shrink (Fig. 3-b and 3-e). These problems are a side-effect
of the representation used. As the model is only evaluated at some discrete points,
these have to be uniformly spaced. Otherwise, the elasticity, curvature and concavity
terms are inaccurate. A possible solution could be using splines, as the model is
evaluated not only at its control points, but also along the contour.

Fig. 3. From (a) to (f) a complete sequence of frames is shown

4 Conclusions and Results

A system based on computer vision for the detection of pedestrians has been pre-
sented. It is based on a deformable contour model using a parametric representation.
The greedy algorithm is implemented to reach the minimum energy. The evolution of
the contour is driven by a new potential based on distances to vertical symmetries and
vertical borders. Besides, a regularization term is included in its internal energy,
which aims to control the contour shape without producing any shrinkage.

The quality of the segmentation is improved by the information provided by the
stereo module. Initial segmentation is performed in the images, filtering them with the
data from disparity maps. Regions that are not at the desired distance are eliminated
from the images, easing the active contour models initialization and the successive
processing.



This algorithm has been tested on images taken by a stereo camera mounted on the
Ivvl (Intelligent Vehicle based on Visual Information) vehicle (Fig. 1-a), which is an
experimentation platform for researching and developing Advance Driver Assistance
System based on computer Vision. The pedestrian detection module is part of this
ADAS.
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