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Abstract. This paper describes a target detection system on transport
infrastructures, based on monocular vision. The goal is to detect and
track vehicles and pedestrians, dealing with objects variability, differ-
ent illumination conditions, shadows, occlusions and rotations. A back-
ground subtraction method, based on GMM and shadow detection al-
gorithms are proposed to do the segmentation of the image. Finally a
feature extraction, optical flow analysis and clustering methods are used
for the tracking step.
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1 Introduction

Nowadays, urban traffic has become one of the most important problems in
big cities, in particular on critical transport infrastructures as intersections and
roundabouts. One possible solution to improve this situation is to develop mon-
itoring systems to control traffic and manage congestions, to help reduce traffic-
related fatalities or just to study flow patterns in various scenarios to understand
the main problems associated.

Vision-based monitoring has many advantages over commonly used systems
(normally inductive loops), such as the price, an easier installation, the infor-
mation they provide and the possibility to track objects and make a behaviour
analysis. However detecting and tracking objects in complex outdoor scenarios is
a difficult task due to the different and variable lighting conditions and weather,
occlusions, shadows, etc.

2 System Description

In this paper, an approach to combine background subtraction and feature track-
ing and grouping algorithms is presented. First, background segmentation is done
based on GMM (Gaussian Mixture Models) [1].
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2.1 Background Subtraction and Shadow Detection

The basic idea of background subtraction is to subtract the current image from
a reference image that models the background scene. Obviously the capturing
system has to be fixed and the background static. Although the hands are the
only objects which are moving in the field of view, the algorithm is susceptible
to both global and local illumination changes such as shadows, so a detection
and treatment of these problems is needed to achieve satisfying results.

Rather than explicitly modeling the values of the pixels as one particular
kind of distribution, like average, mean, etc., each pixel is modeled by a mixture
of K Gaussian distributions [?], whose mean and variance is adapted over time.
The probability that a certain pixel has a value Xt at time t can be written as:

P (Xt) =

K∑

i=1

ωi,tη(Xt, µi,t, Σi,t) (1)

where the mean µi,t, the covariance Σi,t and the weight ωi,t (with 0 < ωi,t ≤
1), are the parameters of the kth gaussian component, and η is the gaussian
probability density function:
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For computational reasons the covariance matrices are isotropic so it can be
expressed as:

Σi,t = σ2
i,tI (3)

Given a new data sample Xt at time t, the recursive equations to update the
model are [?]:

ωi = ωi + α(θi − ωi) (4)

µi = µi + θi(
α

µi

)δi (5)

σ2
i = σ2

i + θi(
α

µi

)(δT
i δi − σ2

i ) (6)

where α is the learning rate and δi = Xt − µi. For a new sample the ownership
θi is set to 1 if the sample matches with a component of the mixture (sorted
by the value of ω

σ
) and 0 for the remaining models. The matching is defined

by the Mahalanobis distance between the sample and the gaussian component
of the mixture and a threshold. If there is no matching, a new component is
generated with ωi+1 = α, µi+1 = Xt and σi+1 = σ0, where σ0 is a predefined
initial variance. If the maximum number of components has been reached, the
component with the smallest weight is discarded. Fig. ?? shows the result of this
step.
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Next a feature extraction is done only in the foreground region estimated by
the background subtraction algorithm. The detected corners are then tracked us-
ing optical flow and validated with a flock of features method [2], which emulate
the flight of a group of birds.

Finally the features are grouped into clusters (represented by blue rectangles)
applying the Expectation-Maximization (EM) algorithm.

On figure 1, the result of the system can be seen. Different vehicles, like cars
and motorbikes, and a pedestrian carrying a wheelbarrow are well detected in a
parking area.

Fig. 1. Result of the system in a parking area. Pedestrians and vehicles are detected.
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