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IMPROVEMENTS RELATING TO TARGET TRACKING

" This invention relates to a method for tracking targets, such as people,
imaged in video footage (for example, CCTV footage). More particularly, the
method comprises using a seeded unsupervised learning method to improve

tracking of slow moving targets through a series of image frames.

Both supervised and unsupervised learning methods are known, for
éxample in the field of neural networks, and in the field of combination of
classifiers. Supervised learning methods use ground truth to adapt a classifier
so as to improve its performance. Unsupervised learning methods search for
correlations within training data sets. The designer of the unsupervised learning
algorithm can determine the kinds of structure that the algorithm seeks to learn,

but cannot dictate what is learned. The data sets determine what is learned.

‘Genetic algorithms, for example, can be considered to be unsupervised learning

methods.

Learning methods have been applied to the problem of tracking targets,
such as people, imaged in video footage. Prior known people-tracking methods
include template matching techniques, in which an initial template, which can be
learned in advance or captured at initial detection or nomination of the target, is
used to locate the target. Such tracking systems are uhfortunately unreliable,
being vulnerable to failure when targets are occluded, when targets change
shape (as, for example, a person walking along a high street may change
shape from a standing position, in which legs and arms are close to the body, to
a walking position, in which the legs and arms may be much further away from
the body), when targets change aspect, or even when light conditions change.
Moreover, such currently known tracking systems are vulnerable to false target

detection, particularly when trying to track targets moving through crowds.

It is an object of the present invention to overcome, or at least partially
mitigate, some of the above-mentioned problems. It is a further object of the
invention to provide an improved method for tracking targets imaged in video
footage that is better able to track targets that may repeatedly occluded, or

change shape or appearance.
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In broad terms, the present invention resides in the concept of

maintaining of a population of weak classifiers, and repeatedly replacing a

selection of the population in accordance with a consistency-based weighting

function. The classifier population can be used, for example, to locate the

target in each image frame taken from video footage. The weighting function

weights against the use of classifiers that do not agree with a current target

location, and seeks to replace them with new classifiers that are more likely to

be consistent with the current best solution. The classifiers may also be called

sub-templates.

According to a first aspect of the present invention, there is provided a

method of tracking a target imaged in video footage, the method comprising the

steps of:

(i)

(ii)

(iii)

(iv)

(v)

identifying the target to be tracked in a first image frame, the

target being located at a first position;

generating a first population of sub-templates by sampling from
a first template area defined around the first position;

searching for an instance of each of the first population of sub-

'templates in a second image frame, and determining the

location of each instance in the second image frame;

identifying a second position of the target in the second image

frame in dependence on the locations of the instances;

generating a second population of sub-templates, which
second population comprises a selection of the first population
of sub-templates, and a set of new sub-templates, the
selection being chosen in dependence on the locations of the
instances of each of the sub-templates in the second frame,
and the set of new sub-templates being generated by sampling
from a second template area defined around the second

position; and
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(vi) iterating steps (iii) to (v) above in respect of further image
frames, using the second population of sub-templates and the
second position from a preceding iteration in place of the first
population of sub-templates and the first position, thereby
determining a series of target positions, and inferring the target

track therefrom.

The method of tracking a target above is advantageously operable to
track a target moving through environments in which it may be repeatedly
occluded, and to track targets that may change shape or appearance when
moving. The method is therefore expected to find application in the tracking of
targets such as people moving through crowds, as may be captured by CCTV
footage. Such tracking is more reliable than that possible with prior-known
tracking systems, and can be accomplished in real time. The method is also
expected to find application in the tracking of targets such as vehicles that may

be imaged in video footage captured by aircraft.

The step of searching for an instance of each of the first population of
sub-templates in a second image frame, and determining the location of each
instance in the second image frame, may comprise determining the location of a
best match for each of the first population of such templates in the second
image frame. The best match may be determined, for example, using a

correlation-like process

The step of generating the second population of sub-templates may
comprise associating a weight with each of the first population of sub-templates,

the weight being related to the location of the instance of said each sub-

. template in the second frame relative to the second position. The weight may

be given one of two values in dependence on whether the instance of its
associated sub-template is located within or without the second template area.
Other weighting allocations are possible, but such a binary system is
advantageously simple to implement, and reduces the level of computing power

required to implement the method.
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The selection of the first population of sub-templates may comprise sub-
templates having instances within the second template area. 'i'he selection of
the first population of sub-templates retained in the second population therefore
comprises sub-templates whose instances are consistent with the second
position, and at least some of the sub-templates that are inconsistent with the

second position are discarded.

An upper limit may be set for the number of sub-templates in the set of
new sub-templates. The upper limit can be determined by experiment for any
given problem to which the method may be applied. It will depend, in particular,
on the rate at which the system, and therefore the solution, is expected to
change: for systems in which fast evolution of the solution is expected, large
upper limits are set. The upper limit may be in the range between 5% and 50%
of the number of sub-templates in the first population of sub-templates. More
preferably, the upper limit may be in the range between 15% and 25% of the
number of sub-templates in the first population of sub-templates. In one
embodiment described in detail hereinbelow, the upper limit is 20% of the

number of sub-templates in the first population of sub-templates.

The step of identifying a second position of the target may comprise the
step of determining a permitted area, and constraining the second position to lie
within the permitted area. The step of determining a permitted area may
comprise providing a maximum target speed, and determining the permitted
area in dependence on the maximum target speed, the first position, and the

time elapsed between the first and second image frames.

The area of the first and second image frames may be much larger than
the area of the first and second template areas. Advantageously, the search for
sub-templates can then be performed over a much larger area that the area in
which the target is constrained to lie. By including, in the scope of the search
for instances of the sub-templates, a large background area, it is possible to
ensure that ineffective sub-templates, whose best-match positions lie in areas in
which it is impossible for the target to be, can be removed from the population

of sub-templates.
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The step of identifying a second position may comprise applying a
clustering process to the locations of the instances of the first population of sub-}
templates in the second image frame. The clustering process may comprise
the step of convolving a cluster function with the population of instances of the
first population of sub-templates, and the second position is the position having
the highest value of the resulting convolution. The cluster function may have a

shape approximately equal to the target template.

According to a second aspect of the invention, there is provided a
tracking system comprising imaging means operable to generate video footage,
and processing means operable to carry out a method of tracking a target as
described above. The imaging means may comprise a CCTV camera to

provide video footage in which a target can be tracked.

According to a third aspect of the present invention, there is provided a
method for determining a solution to a problem, the method comprising the

steps of:
(i) providing an initial solution to an initial instance of problem;

(i) generating a first population of discriminators, each of the
discriminators being operable to calculate solutions to

instances of the problem, given the initial solution;

(i)  operating the first popUlation of discriminators to calculate a
first population of solutions to a first instance of the problem;

(iv)  determining a best solution from the first population solutions;

(v) generating a second population of discriminators, which
second population comprises a selection of the first population
of discriminators, and a set of newly generated discriminators,
the selection being chosen in dependence on differences
between the first population of solutions and the best solution;

and

(vi)  repeating steps (iii) to (v) above in respect of further instances

of the problem, using the best solution and the second
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population of discriminators from a preceding iteration in place
of the initial solution and the first population of discriminators;
thereby generating a series of best solutions to further

instances of the problem.

This method is applicable to a wide range of problems. It is applicable to
any problem where a current best solution can be used as ground truth, and is
therefore particularly useful for solving problems for which an actual measure of
ground truth is not available. It is fundamentally different to both prior-known
supervised and unsupervised learning methods. In contrast to prior-known
supervised learning methods, there is no need for a ground truth to be provided
at each iteration of the method: conveniently, ground truth need only be
provided for initialisation. In contrast to prior-known unsupervised learning
methods, the method adapts to an assumed ground truth, rather than to pre-
determined criteria. The method is advantageously self-adapting, able to
maintain an adaptive poputation of discriminators aimed at solving each new

instance of the problem.

The step of generating a second population of discriminators may
comprise the step of associating a weight with each of the first population of
discriminators, the weight of each of the first population of discriminators being
determined in dependence on the difference between the solution calculated by
said each discriminator, and the best solution. The selection may then be
chosen in dependence on the weights associated with each of the first

population of discriminators. The weight may, for example, be a binary weight.

The step of determining a best solution may comprise the step of
identifying a permitted solution space. The step of determining a best solution
may further comprise applying a clustering process to the population of

subsequent solutions.

An upper limit may be set for the number of discriminators in the set of
newly generated discriminators. The upper limit can be determined by
experiment for any given problem to which the method may be applied. It will
depend, in particular, on the rate at which the system, and therefore the
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solution, is expected to change: for systems in which fast evolution of the
solution is expected, large upper limits are set. In one specific embodiment
described herein, the upper limit is 20% of the total number of discriminators in

the first population.

Advantageously, the first population of solutions may be calculated in a
solution space larger than the permitted solution space. This provides an
unequivocal means of removing poor discriminators from the population of
discriminators: if a discriminator generates a solution that is known to be
impossible, then it is clearly a poor discriminator that should be removed from
the population of discriminators. This also helps to ensure that the

discriminators are able to reach the best solution more efficiently.

The invention extends to a computer program product operable, when

inserted into a computer, to carry out a method as described above.

The above and further features of the invention are set forth with
particularity in the accompanying claims, and will be explained in detail in the
following description, with reference to various exemplary embodiments which

are illustrated in the accompanying drawings, in which:

Figure 1 is a flow chart schematically illustrating steps carried out as part

of a method in accordance first embodiment of the invention; and

Figure 2 is a flow diagram schematically illustrating steps carried out as

part of a method in accordance with a second embodiment of the invention.

The present invention makes use of a general framework for solving
problems that has been developed by the inventors. The framework method is
initiated by providing an initial solution to an initial instance of the problem, and
then is able to determine subsequent solutions to subsequent instances of the
problem, without further input. It is applicable to any problem in which the best
solution to a current instance of the problem can be treated as an approximation

'to ground truth, and is therefore particularly useful where a ground truth

measurement is not available. The inventors have named this general

framework a self-adapting discriminant (SAD) filter.
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The SAD filter is a hybrid between supervised and unsupervised learning
methods. Unsupervised learning is carried out, based on an initial seed
solution, but a supervised learning approach is used to generate future
solutions to future instances of the problem: it is assumed that the solution
generated by a previous iteration is, in fact, ground truth. The SAD filter is
therefore fundamentally different from both supervised and unsupervised
learning methods. Before describing the tracking method of the present
invention, the SAD filter will be described with reference to an unspecified

problem, so that the tracking method can be more readily understood.

A flow diagram 100 illustrating steps carried out as part of the SAD filter
method is illustrated in Figure 1. The filter is initialised at step 110 by providing
an instance of the prdblem to be solved, and a solution to the instance of the
problem. This solution acts as a seed solution. The seed solution, and
successive future solutions, impose constraints on solutions to later instances of
the problem, such that a permitted solution space can be defined for each future
instance of the problem. It is noted that, once thus initialised, the filter is able to
generate solutions to future instances of the same problem without any further

input from an operator.

Given an initial solution to an initial instance of a problem, it is possible to
generate algorithms, called discriminators, which are able to provide solutions
to future instances of the problem. These discriminators are chosen such that
they produce solutions consistent with the initial solution to the initial problem.
A first population of discriminators is generated at step 120, based on the initial
solution to the initial instance of the problem. This first population of
discriminators is exercised at step 130 to provide a first population of solutions
to a second instance of the problem. The discriminators are exercised over a
problem space that is much larger than the permitted solution space defined by
the constraints imposed by the initial solution. Exercising the discriminators
over such a large problem space ensures that appropriate discriminators, that
are consistent with a best solution determined at step 140 (described below),

can be selected in preference to less appropriate discriminators.



10

15

20

25

30

WO 2007/144580 PCT/GB2007/002125

_9-

At step 140, a best solution to the second instance of the problem is
generated from the first population of solutions. Clustering is performed on the
population of solutions so as to generate a best solution. The best solution can
be taken to be an average from the largest cluster within the permitted solution
space. Clustering methods are well known to those skilled in the art. For
example, K-means clustering is disclosed by J. B. MacQueen in the paper
“Some Methods for Classification and Analysis of Multivariate Observations”,
published in 1967 in pages 281 to 297 of volume 1 of the Proceedings of the 5t
Berkeley Symposium on Mathematical Statistics and Probability by the
University of California Press, Berkeley. The best solution generated at step
140 is taken to be ground truth for the next instance of the problem. The best

solution is communicated to an operator at step 150.

At step 170, a number of the first population of discriminators are
regenerated. Each of the first population of discriminators is given a weight in
dependence on the proximity of its associated solution to the best solution
determined at step 140. Discriminators having a solution close, in the solution
space, to the best solution, are given a high weight. Discriminators having
solutions far from the best solution are given low weights. Those discriminators
selected to be retained are those having the highest weights, whilst those
selected to be regenerated are those having the lowest weights. Thus, those
discriminators whose solutions are furthest from the best solution are discarded,
and a set of new discriminators is generated in their place. However, an upper
limit to the fraction of the first population of discriminators that can be

regenerated in any one iteration of the method is applied.

The set of new discriminators is generated using the same methods as
used at step 120, such that a second population of discriminators is generated.
It is to be understood that the second population is the same as the first
population, except for those discriminators regenerated at step 170. Given
sufficient computational power, it is preferable to repeat the process of
discriminator regeneration, that comprises the loop formed by steps 130, 140,
160, and 170, until a stable population of discriminators is achieved for the

second instance of the problem. However, it is also possible simply to operate
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this loop once for each successive instance of the problem in the event that
there is insufficient computational power to reach a stable population of
discriminators in the time available between instances of the problem. The
method can therefore be used to calculate successive solutions to successive

instances of the problem, with no input from an operator after initialisation.

One particular problem to which the above-described SAD filter can be
applied is the problem of tracking a target captured in CCTV (closed circuit
television) footage. Typically, the target may be a person in a high street, or a
shop. Once a specific person is designated as a target, the problem that must
be solved is essentially that of redetection of that target, since the high frame
rate and relatively low target speed reduce the problem of generating an actual
target track to that of joining the detection instances in each frame. Whilst the
problem may initially appear to be simple, it can, in practice, prove to be more
complex than initially expected. In particular, there exist difficulties in re-
detecting targets moving in crowds, in which targets may be repeatedly
obscured by other potential targets, and where there may be other objects or

persons appearing very similar to the designated target.

Steps carried out as part of a first embodiment of the invention for
tracking a target through CCTV footage illustrated in the flow diagram 200
shown in Figure 2. The steps are illustrated in flow diagram 200 will be
described with reference to the SAD filter illustrated in Figure 1, such that the
relationship between the SAD filter and the target-tracking method can be
clearly understood. For the sake of clarity, it is noted that those steps illustrated
in Figure 1 are given reference numbers beginning with the digit “1", whilst
those steps illustrated in Figure 2 are given reference numbers beginning with
the digit “2”. The method described is applicable to video imagery obtained
from static cameras. The target may, for example, be a person moving through

a crowd.

In the general method illustrated in flow diagram 100 illustrated in Figure
1, the first step 110 is that of initialisation. At the initialisation step, an initial
solution is given to an initial instance of the problem. In the case of the target

tracking problem, the SAD filter initialisation occurs at steps 210 and 220. Step
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210 comprises the identification and location of the target, such as a person, in
an initial frame. This initial step can be carried out by a human operator. The
problem is then to redetect and relocate the target in a subsequent, second
frame. Step 220 comprises determining the target size, and defining a template
area. The template area is chosen to have a size approximately equal to the
target, and is centred on the centre of the target. Its shape is chosen for
convenience. In the present embodiment, the template area is chosen to be

rectangular.

The second step in the general SAD filter method is that of generating a
first population of discriminators, illustrated as step 120 in the flow diagram 100.
In the tracking embodiment illustrated in the flow diagram 200 shown in Figure
2, this step comprises generating a first population of sub-templates by
sampling from within the template area. The sub-templates are areas that are
chosen randomly from within the template area. The area of each sub-template

is small in comparison to that of the template area.

The performance of the first embodiment of the invention improves as
the number of sub-templates generated increases, at the cost of a significant
additional computational load. This improvement continues until there are
sufficient sub-templates for it to be highly probable that every useful feature in
the target is included in at least one template. It will be readily understood by
those skilled in the art that useful features are those that distinguish the target
from the local background. Thus the optimum number of sub-templates in the
first population of sub-templates is a function not only of the ratio between
target size and sub-template size, but also of the image content. Given
sufficient computational resource, a very large population of sub-templates, with
a range sizes, may be used. A larger population is expected to exhibit greater
diversity, and therefore is more likely to include useful features. However, it is
possible, given the random method by which sub-templates are generated, to
generate multiple sub-templates which are identical, or very similar.
Unfortunately, artificial attempts to maintain high levels of diversity in the
population of sub-templates have, to date, led to decreased performance, and

therefore, since the random method of generating sub-templates can lead to an
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increase, as well as a decrease, in the diversity of the sub-template population,
no such artificial diversity-enhancing measures have been used. In the present
embodiment, in which the targets are people moving through crowds imaged in
CCTV footage, the template area is 130%15 pixels, and twenty sub-templates,
each of area 4x4 pixels are sampled at random from within the template area.
These quantities may be compared to an overall image area of approximately
150,000 pixels. Clearly, the actual values for the various areas will be strongly
dependent on the images available, and the best values for given video footage
can be readily determined, by those skilled in the art, using a process of trial

and error.

Step 130 in the general SAD method is that of exercising the
discriminators in order to generate a first population of solutions. This
corresponds, in the tracking implementation of the SAD filter, to step 240, which
comprises searching for, and locating the best match for each of the sub-
templates in a second frame. The search for the best match for each sub-
template is performed over an area Syige that is much larger than the target area
Starget. For example, the area Syise may be chosen to be the entire area of the
second frame. Choosing Suige to be much larger than Siger €nsures that sub-
templates that do not discriminate between the target and the background
effectively can be distinguished from those that do effectively discriminate:
those that do not effectively discriminate are more likely to have best-match
instances outside the small permitted area. These sub-templates can then be
easily removed form the first population of sub-templates during the adaptive

update steps 270 and 280 described below.

A correlation-like process is used to determine the best match position.
The sub-template is moved through candidate positions throughout the second
frame, and a score is calculated for each candidate position. In the present
embodiment, the score is calculated by counting the number of template pixels
that are more than a threshold value different to the image pixels at the
candidate position. The candidate position with the lowest score is then taken

to be the best match position for that sub-template.
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Step 140 in the general SAD method is that of clustering the population
of solutions in order to generate a best solution. This step corresponds to step
250 in the tracking implementation of the SAD filter, and comprises clustering
the instances of the first population of sub-templates found in the second frame,
and selecting the best cluster of template positions within a permitted area
Snamow t0 be the new target position. Spamw can be determined using knowledge
of the amount of time elapsed between the initial frame and the second frame,

and an estimate of the maximum possible target speed.

The clustering procedure used in the present embodiment comprises
convolving a weighting template with the point distribution of the template best
match positions calculated at step 240, and taking the highest valued point on
the resulting surface to be the new target position. The weighting template is
approximately target shaped, and is peaked towards the target centre. A
rectangular weighting template is used in the present embodiment. It is noted,
however, that the precise details of the weighting template do not significantly
affect the performance of the tracker, and that the most appropriate weighting
template for a given target can readily be determined by experiment. It is
further noted that the requirement for the best cluster to be within Spamow
ensures some consistency between the target positions in the initial and second

frames.

The new target position is then accepted as ground truth, and can be
communicated to a user at step 260, corresponding to step 150 in the general
SAD filtering method. An adaptive update is then performed at steps 270 and
280 before attempting to locate the target in the next frame. The adaptive
update is used to generate a new, second, population of sub-templates, by
discarding at least some of those sub-templates that are inconsistent with the
new assumed ground truth, and re-sampling from a new template area that is
the same size as the previous template area, but centred on the new target
position. This is accomplished, in the tracking implementation of the SAD filter,
by assigning a weight to each of the sub-templates at step 270, and then
regenerating selected sub-templates at step 280. It is noted that the second
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population of sub-templates is the same as the first population, except for those

sub-templates that are regenerated.

In the present embodiment, a binary weighting is assigned to each of the
first population of sub-templates in dependence on the location of the best-
match instance of each sub-template in the second frame relativevto the new
target position, at step 270. An area Siayget is defined, which corresponds to a
template area centred on the new target position. The weighting has a value of
zero if the best-match instance for that sub-template in the second frame is
outside the area Ster, and a unit value if the best-match instance for that sub-
template in the second frame is within the area Siager. A maximum proportion of
20% of sub-templates is re-generated in any one iteration. All sub-templates
having a weighting of zero, up to 20% of the sub-template population, are
regenerated at step 280. In the event that the proportion of sub-templates
having a weighting of zero exceeds 20%, a number of sub-templates
corresponding to the maximum proportion are chosen randomly from those
having a weighting of zero. The new sub-templates are regenerated by
sampling at random from a template area centred on the new target position,
with a small additional weighting being applied in favour of sampling from areas
of the second frame where image pixels have changed relative to the initial
frame. The additional weighting improves the likelihood of generating a sub-

template that is on-target.

The method can then be iterated by using the second population of sub-
templates at step 230 in a further frame. This iteration enables a target to be
tracked throughout CCTV footage. The SAD filter is particularly suited to the
people-tracking application described in the above, since, as the target moves,
the population of sub-templates changes, and adapts to the target. The
population of sub-templates thus continually adapts towards a population ideally

suited to discriminating between the target and possible false detections.

The benefits and advantages of using the SAD filter for people-tracking
can be readily understood with reference to a simple example. If, in a first
frame, a person wearing red trousers and a black top and moving through green

vegetation is selected as the target, the population of sub-templates generated
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at step 230 is likely to be composed primarily of red and black regions. If a new
person, wearing a red coat, enters a subsequent frame, many of the red sub-
templates will favour the new person, find their best match outside Staet and be
regenerated. This regeneration process will favour black sub-templates. The
new person may approach the target person, and may eventually enter the area
Snamow. However, by the time the new person lies within Spamw, the sub-
template population will contain many more black sub-templates than red sub-
templates. The new person will therefore be unlikely to be mistaken for the true
target person by the tracking system. Prior-known people-tracking algorithms,
such as the mean-shift colour histogram algorithm, would be significantly more
likely to fail in this scenario. If a further new person, wearing red trousers and a
black top, approaches the target person, all the sub-template population would
be open to regeneration. In this case, it is possible that embodiments of the
present invention would fail, but it is likely that some details of the local structure
of the target person would prove to be sufficient discriminators to prevent such
a potential false detection. For example, if a number of sub-templates were in
the region of the red-black boundary between the target’s trousers and top, they
may capture details of the shape of that boundary that would prove sufficient to

distinguish the actual target from the potential false target.

The present embodiment of the invention has been shown to work well in
a variety of situations, including through car parks, crowded shops, and
crowded streets. In all these situations, prior known people tracking methods
are liable to fail rapidly. In contrast, the SAD filter people-tracker is able to track

a given target despite low resolution imagery, and repeated, sometimes

complete, occlusion of the target. Furthermore, in these situations, the tracker
has been shown to cope successfully with targets that repeatedly change
aspect, such that the target may look quite different, at the end of the track, to
its originally-nominated appearance. For the purpose of the tests performed to
date, target-nomination is achieved by hand selection of the target centre point

in an initial frame.

It is to be understood that the specific embodiments described above are

in all respects exemplary. Variations and modifications are envisaged, and will
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be immediately obvious to those skilled in the art. For example, whilst in the
above it has been described to initialise the tracking by human target
nomination, those skilled in the art will immediately recognise that automatic
target nomination may be appropriate in some circumstances. Such automatic
nomination could be achieved through change detection, looking for
approximately ‘person-sized’ areas of pixel change in order to nominate a
target. Such a technique would be appropriate where it is possible to acquire
the target in a situation that is relatively uncluttered. Other techniques may be
more appropriate in other circumstances. Furthermore, the maximum
proportion of sub-templates to be regenerated in any one iteration of the
tracking implementation of the SAD filter, described above to be 20%, can be
varied in dependence on the target environment, expected levels of target
occlusion, or expected stability of the target to variable lighting conditions. The
best choices of the method used to calculate scores for candidate positions for
sub-template matches, and the method used to cluster the sub-template best
match positions to calculate a new target position will depend on the specific
application of the invention, and can be determined experimentally on a case-
by-case basis. The scores for the candidate positions can, for example, be
determining a total difference between corresponding template and image cells,
rather than counting the number of cells having a difference greater than a
predetermined threshold value as is described above. Similarly, the relative
sizes of the sub-template area, template area and target area, and the
maximum fraction of the sub-template population allowed to be regenerated
after each iteration, will vary in dependence on the application of the invention.
These parameters can be adjusted to suit particulars such as target type,
background, frame rate, and computation power. The above-described tracking
method can also be easily modified in order for a target to be tracked through
video footage recorded by a non-static camera. Either the additional weighting
given to changed pixels at the sub-template regeneration step 280 can be
removed, or the additional weighting used can be reduced, as may be

appropriate for semi-static cameras.
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Finally, it is noted that it is to be clearly understood that any feature
described above in relation to any one embodiment may be used alone, or in
combination with other features described, and may also be used in
combination with one or more features of any other of the embodiments, or any

combination of any other of the embodiments.
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A method of tracking a target imaged in video footage, the method

comprising the steps of:

(i)

(ii)

(iif)

(iv)

(v)

(vi)

identifying the target to be tracked in a first image frame, the

target being located at a first position;

generating a first population of sub-templates by sambling from

a first template area defined around the first position;

searching for an instance of each of the first population of sub-
templates in a second image frame, and determining the

location of each instance in the second image frame;

identifying a second position of the target in the second image

frame in dependence on the locations of the instances;

generating a second population of sub-templates, which
second population comprises a selection of the first population
of sub-templates, and a set of new sub-templates, the
selection being chosen in dependence on the locations of the
instances of each of the sub-templates in the second frame,
and the set of new sub-templates being generated by sampling
from a second template area defined around the second

position; and

iterating steps (iii) to (v) above in respect of further image
frames, using the second population of sub-templates and the
second position from a preceding iteration in place of the first
population of sub-templates and the first position, thereby
determining a series of target positions, and inferring the target

track therefrom.

A method as claimed in' claim 1 wherein the step (iii) comprises

determining the location of a best match for each of the first

population of sub-templates in the second image frame.
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A method as claimed in claim 1 or claim 2 wherein the step of
generating the second population of sub-templates comprises
associating a weight with each of the first population of sub-
templates, the weight being related to the location of the instance of
said each sub-template in the second frame relative to the second

position.

A method as claimed in claim 3 wherein each weight is given one of
two values in dependence on whether the instance of its associated
sub-template is located within or without the second template area.

A method as claimed in claim 4 wherein the selection of the first
population of sub-templates comprises sub-templates having

instances within the second template area.

A method as claimed in any of claims 1 to 5 wherein an upper limit is
set for the number of sub-templates in the set of new sub-templates.

A method as claimed in claim 6, wherein the upper limit is in the
range between 5% and 50% of the number of sub-templates in the

first population of sub-templates.

A method as claimed in claim 6 or claim 7, wherein the upper limit is
in the range between 15% and 25% of the number of sub-templates

in the first population of sub-templates.

A method as claimed in any of claims 6 to 8 wherein the upper limit is
20% of the number of sub-templates in the first population of sub-

templates.

A method as claimed in any of claims 1 to 9, wherein the step of
identifying a second position of the target comprises the step of
determining a permitted area, and constraining the second position to

lie within the permitted area.

A method as claimed in claim 10, wherein the step of determining a
permitted area comprises providing a maximum target speed, and
determining the permitted area in dependence on the maximum
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target speed, the first position, and the time elapsed between the first

and second image frames.

A method as claimed in claim 10 or claim 11 wherein the area of the
first and second image frames is much larger than the area of the first

and second template areas.

A method as claimed in any of claims 1 to 12, wherein the step of
identifying a second position comprises applying a clustering process
to the locations of the instances of the first population of sub-

templates in the second image frame.

A method as claimed in claim 13 wherein the clustering process
comprises the step of convolving a cluster function with the
population of instances of the first population of sub-templates, and
the second position is the position having the highest value of the

resulting convolution.

A method as claimed in claim 14 wherein the cluster function has a

shape approximately equal to the target template.

A method of tracking a target imaged in video footage substantially as

described herein with reference to the accompanying Figures.

A tracking system comprising imaging means operable to generate
video footage, and processing means operable to carry out a method

as claimed in any of claims 1 to 16.

A computer program product operable, when inserted into a
computer, to carry out a method according to any of claims 1 to 17.
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