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Introduction

Visual tracking is an important scientific problem; the human visual system is
capable of tracking moving objects in a wide variety of situations. It is also of
considerable practical importance; many actual and potential applications of visual
tracking algorithms exist in domains such as surveillance, medicine, robotics and
the media.

Particle filters receive particular attention, as they can represent multi-modal
distributions.

These multi-modal distributions allow multiple hypotheses to be maintained and are
represented by sets of discrete particles that are often shown as spots of different
colour or intensity.

The Condensation algorithm is the original particle filter tracker and is the basis of
the work reported here.

Problems

Occlusion arises when another object, usually with different features, falls
between the camera and the target.

Camouflage occurs when an object with similar features lies behind the target and
makes the target invisible from the camera's point of view.

Previous approaches to these problems have sought to keep the tracker more
tightly focused on the target by:

Using multiple motion models.
Using more detailed texture and colour cues that better model target
appearance.

We attempt to detect occurrences of these problems, so that the tracker can
respond explicitly and appropriately.

Modelling Particle Distributions

An iterative Expectation Maximization (EM) algorithm is used to build a Gaussian
Mixture Model to describe the Condensation particle set present at every time
frame.

This provide vital information about the behaviour of particles during occlusion
and/or camouflage.

EM reports a single particle cluster, with the mean particle being shown as pink dot
and the cluster deviation as a pink circle in figures (a) and (b).

(a) Gaussian Mixture Model
describing Condensation particles
during occlusion.

(b) Gaussian Mixture Model
describing Condensation particles
during camouflage.
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Hypotheses

During occlusion, the cluster deviation drops but the speed of the particles
within the cluster increases. The reduction in deviation is due to the particles
being clustered at the back of the target. The increase in speed occurs
because during occlusion, a small number of particle will land on the
occluding object, move quickly across it and then be destroyed as their
weight drops to zero.

During camouflage, the cluster deviation increases, as does the speed of the
particles within the cluster. The increase in deviation and speed can be
attributed to a general expansion of the cluster when the particles are
transferred onto the similar, but larger, camouflaging object.

Process-Behaviour Charts

Process-behaviour charts are statistical graphical tool used to monitor the
behaviour of fluctuation data.

Literature has shown that process-behaviour charts are primarily a control
engineering tool and have not previously been used in visual tracking.

The Shewhart and Exponentially Weighted Moving Average (EWMA) control
charts are the most commonly used.

The Shewhart chart approach is employed here because particle fluctuations
are quite large.

The Shewhart parameters are computed over a moving window using the
cluster results obtained from the EM algorithm. The control limits is
determined based on the Nelson rule.

In the event of the mean value exceeding either of these control limits, the
tracker notifies the user that the target in question is experiencing either
occlusion or camouflage.

Analysis shows that the clustered particle deviation means provide a clearer
indicator of the occurrence of occlusion and camouflage.

As a result, the clustered particle deviation means are used as the primary
tool to determine when occlusion and camouflage have occured, with the
clustered particle speed mean providing supplementary information.
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(c) Control chart for clusterd particle deviation when tracking experiences occlusion (Figure (a)).
(d) Control chart for clusterd particle speed when tracking experiences occlusion (Figure (a)).
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(e) Control chart for clusterd particle deviation when tracking experiences camouflage (Figure (b)).
(f) Control chart for clusterd particle speed when tracking experiences camouflage (Figure (b)).
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Occlusion and Camouflage Mapping

When the process-behaviour charts fires, the position and spread of the
particle cluster provide an indication of the image location at which
occlusion or camouflage occurred.

If the camera is fixed, results obtained by tracking multiple targets through
the same environment can be combined to produce an occlusion or
camouflage map of the background scene.

Each time an event is detected, the mixture model component describing
the relevant particle cluster is added to a second Gaussian Mixture Model,
situated on the image plane and describing the occlusion or camouflage
structure of the viewed environment.

The resulting maps are both useful in themselves and a good indicator of
the performance of the event detection method.
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(g) Camouflage map, and (h) occlusion map obtained from simple artificial sequences
in which the interfering object is a centrally placed rectangular.

Figures (g) and (h) shows occlusion and camouflage maps created using

simple artificial image sequences. Here, coloured circles are randomly

placed at the boundaries of an image containing an identically (when

considered camouflage) or differently (when considered occlusion)

coloured rectangle.

The boundaries of the central rectangular region are clear in both, though it

should be noted that the occlusion detector fires just outside, and the

camouflage detector just inside, the interfering object.

(i) Actual scene
(i) Occlusion map

Figure (i) shows a sample image from a sequences obtained from a fixed
camera monitoring an outdoor walkway at the University of Nottingham
Malaysia Campus. The walkway comprises a roof supported by a series of
narrow vertical pillars which occlude those using it. Figure (j) shows the
resulting occlusion map.

Several tens of pedestrians were tracked using Condensation employing an
RGB colour histogram target representation.

Note that although the occlusion map entries are gathered around the
pillars, the pillars boundaries are less clear than the artificial data, because
the targets tracked here are of variable size and, more importantly, most are
wider than the occluding object.



