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EVENT DETECTION METHOD AND VIDEO SURVEILLANCE SYSTEM USING
SAID METHOD

DESCRIPTION

Field of invention

The present invention relates to an event detection method according to the preamble of claim 1
and to a video surveillance system using said method.

Description of the prior art

In the present patent, the term “video surveillance system” refers to a surveillance system
using at least one image acquisition unit and being capable of acquiring sequences of images
of a supervised area.

Generally, known video surveillance systems include event detection systems which can
generate alarms when an anomalous event takes place.

Some known systems only detect variations (beyond a certain user-defined threshold) in the
brightness of the pixels of two successive images, such as two frames of a video signal or two
images taken by a camera at different times.

These systems suffer from the drawback that sudden light variations due, for example, to
travelling clouds or reflections on water, or natural movements within the supervised area
(e.g. the branches of a tree moved by the wind or authorized cars driven down a street) may
cause several false alarms.

For overcoming these drawbacks, video surveillance systems are known which comprise a
learning phase wherein the system builds a model of the supervised area in a normal situation,
i.e. a situation wherein no alarm should be triggered. During the operating phase, the pixels of
the taken image are compared with the pixels of the model. If the difference in the pixels is
beyond a certain operator-defined threshold, an alarm will be triggered.

Notwithstanding the creation of a model pertaining to a normal situation of the supervised
area, the effectiveness of a pixel-by-pixel comparison between the acquired image and the
model is often poor because a single pixel differing from its model is sufficient to trigger an
alarm.

This leads to the generation of a lot of false alarms.

The problem of the generation of false alarms has been addressed by some known solutions
(American patent US 5,892,856), which de facto subtract from the detection those pixels that

show intensity variations (e.g. due to natural movements in the watched scene) during the
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learning phase.

Such a solution, which is not very effective, can only be used in selected contexts such as
presence detection at workstations (as in patent US 5,892,856).

Other more advanced solutions, such as the one disclosed by patent application US
2004/0246336, provide in primis for the creation of a statistic model for each pixel (with
related average and variance); subsequently, during the event detection phase, the system
extrapolates the image of the detected object/person in order to compare it with a set of
models of authorized objects.

However, this solution has the drawback that it requires much available memory for storing
the models of the scene and of the authorized objects, as well as high computing power for
analyzing the whole image in real time by comparing the detected objects with the authorized
ones.

A problem which is common to all known solutions is due to the fact that the alarm is
triggered when the brightness or colour difference of a pixel in two consecutive frames is
beyond a certain operator-defined threshold. This results in the efficiency of the system being
dependent on the operator’s skill, this being a problem if the operator is not an expert.

The main object of the present invention is to overcome the drawbacks of the prior art, and in
particular to provide a video surveillance system and an event detection method which allow
for a more effective detection of events while reducing the number of false alarms and
preferably while not requiring high capacity in terms of available memory and computing
power.

It is a further object of the present invention to provide a system having a high degree of
automation and being capable of calculating automatically the error threshold beyond which a
normal variation of one pixel must be discriminated from an alarm condition.

The present invention also aims at providing a video surveillance system and an event
detection method capable of optimizing memory usage and of varying the computing
complexity depending on the dynamics being present in the supervised area during the
learning phase.

These and further objects of the present invention are achieved through a video surveillance
system and method according to the appended claims, which are intended as an integral part
of the present description.

Brief description of the invention

The present invention is based on the idea of leaving the traditional approach according to
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which every single pixel of a current image is compared with a respective pixel of a reference
image or with a pixel model.

In particular, the invention aims at taking into consideration regions of the image, i.e. groups
of pixels, in order to take also into account the correlation among the pixels when detecting an
event, thus reducing the number of false alarms.

The video surveillance system according to the invention acquires images of a supervised area
and compares single regions thereof with respective “models” representing a normal situation,
which are built in the form of a space of images acquired during a learning phase, said images
relating to a normal situation of the watched scene.

The image or region is treated like an image vector, the difference of which from a normal
situation is measured as a projection error of the image vector on a space of images
representing the “model” of the supervised area in a normal situation.

The “model” is built by starting from a set of images acquired during a learning phase by
shooting the area in a normal situation.

The learning phase may include a model validation phase substantially consisting in a
simulation of an operating detection phase. The validation phase uses images of the scene in a
normal situation acquired during the learning phase, and checks whether the model just built
is good or not.

For detecting events, the method according to the invention exploits in particular the
properties of principal components analysis (PCA).

Advantageously, the method also provides for a suitable reduction of the informative content
of the acquired images, thus ignoring minor phenomena occurring in a scene and reducing the
number of false alarms.

Brief description of the drawings

Further objects and advantages of the present invention will become apparent from the
following description and from the annexed drawings, wherein:

- Fig. 1 shows a video surveillance system according to an embodiment of the invention;

- Fig. 2 is a block diagram of the processing applied to the acquired images by a video
surveillance system according to the invention;

- Fig. 3 shows an acquired image broken down into a plurality of regions.

- Fig. 4 shows an example of event detection.

Detailed description of the invention

Fig. 1 shows a video surveillance system 1. Through a monitor 3, an operator 2 watches the
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images 6 acquired by an image acquisition unit 5.

In Fig. 1, the image acquisition unit is a video camera capable of providing an output video,
i.e. a continuous sequence of images, but it is understood that, for the purposes of the
invention, it may be replaced with any other equivalent means, e.g. a programmed digital
camera acquiring images at regular time intervals.

An image may thus correspond to a frame or a half-frame of a video signal acquired by the
video camera, to a static image acquired by a digital camera, to the output of a CCD sensor, or
more in general to a portion of the above.

As well known, a digital or analog image can be disassembled into pixels, i.e. fundamental
elements of the image.

One or several matrixes may therefore be associated with each image, the elements of which
are the voltage values of the analog video signal or the brightness or colour values of the
pixels.

When a colour video camera is used, the acquired image will correspond to a tridimensional
matrix wherein each matrix element (i.e. each pixel) corresponds to a triplet of values
corresponding to the values of the RGB signals.

In a greyscale image, each matrix element is associated with a value corresponding to the grey
value of the corresponding pixel.

In the present description this image-matrix association will be implicit, so that reference will
be made below, for example, to rows and columns of an image.

Back to Fig. 1, the video camera 5 shoots an area, in this specific case a corridor, and
transmits a video signal which can be displayed on the monitor 3.

According to the invention, the surveillance system 1 includes an image processing unit 4
capable of detecting events starting from the images acquired by the video camera 5.

In Fig. 1, the image processing unit 4 is represented by an electronic computer connected to
the video camera 5 and to the monitor 3 in order to receive and process the video signal sent
by the video camera and to display images on the monitor.

In a preferred embodiment, the image processing unit 4 is a video server, i.e. a numerical
computer receiving a video signal from the image acquisition unit, processing it according to
the method of tﬁe present invention, and transferring a video signal to one or several terminals
connected thereto, said terminal being in particular an operator’s workstation.

Of course, many other solutions are possible as well, e.g. the image processing unit 4 may be

incorporated in the video camera 5 (which in such a case will comprise an image acquisition
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unit and an image processing unit), which will be connected to the monitor 3 either directly or
through a video switch.

The image processing unit 4 is provided with software containing code portions capable of
implementing the event detection method described below.

According to said method, a learning phase is executed at least once at installation time,
wherein the system builds a “model” of the watched scene in a normal situation.

Nevertheless, according to said method the learning phase may advantageously be repeated
several times under different environmental conditions (light, traffic, etc.). This allows to
build one or several models.

For example, several models may be built at different times of the day, in which case an image
acquired at a certain time shall be compared with the valid model for that time.

In a normal situation, i.e. in the absence of any detectable events, the operator 2 starts the
software learning phase, wherein images of the supervised area are acquired which will be
hereafter referred to as “learning images”.

In the preferred embodiment described below, the acquired images correspond to the frames
of the video signal generated by the video camera 5.

During this phase, it is possible that moving objects are taken, such as leaves of trees or
vehicles travelling down a street behind the scene, so that the acquired images may differ from
one another.

Consequently, the model can represent the watched scene in a dynamic situation, without any
events to be detected.

As shown in Fig. 2a, the first step of the learning phase of the event detection method consists
in the selection (202) of a set of N frames Fi, ... ,Fy starting from the video signal 201
acquired by the video camera. Preferably, these frames are subjected to image processing
operations such as a greyscale conversion (203) in order to reduce the size of the data to be
treated, and possibly, additionally or alternatively, a low-pass filtering (204) with a Gaussian
kernel in order to eliminate and smooth any high-frequency variations not to be detected, thus
reducing the informative content of the images to be treated and focusing the detection on the
interesting informative content of the image.

The frames thus modified are then inserted into a learning buffer (205).

As an alternative, the above image processing steps may be repeated cyclically on each
acquired frame, as shown in Fig. 2b. In this case, the parameter n is set initially to 1 and an

image is acquired (202b), which is then converted to greyscale (203b), filtered with a low-pass
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filter (204c) and stored in the buffer (205¢). Subsequently, the value of n is incremented and
these steps are repeated until N images are stored in the buffer.

Once created, the content of the learning buffer is subdivided into two parts: a first group of
frames, called “training frames”, on which a principal components analysis (PCA) is carried
out, and a second group of frames, called “validation frames”, used for validating the results
obtained from the PCA.

Therefore, the learning phase correspondingly comprises a training phase and a validation
phase.

According to a preferred embodiment, during the training phase each one of the training
frames F, (the number of which is S in this example), and preferably each one of the frames
stored in the learning buffer, is subdivided by means of a predefined grid into regions (i.e.
small images preferably square or rectangular in shape) R;; having max. M x M = m pixels.
The result, as shown in Fig. 3, is a plurality of portions of images obtained from each frame.
The size of the grid depends on the typical dimensions of the target to be discovered in the
watched scene.

Said grid may then be set up by an installer at installation time depending on the shooting
perspective and on the operator’s needs, or else be predefined at the factory.

For each region R;; of a frame Fn, a corresponding column vector IR;j(Fn) is obtained.

This vector IR;j(Fn) is substantially obtained by progressively entering the elements of the
matrix Ri; (i.e. the values of the pixels of the region), which meet together when scrolling the
columns from the top and from the left. Thus, the element IR;;(Fn)(2) corresponds to the pixel
located on the second row of the first column of the image R

By placing the column vectors of a same region Rj; side by side, a corresponding normality
matrix Y;; = (IRi’j (E,), IRi,j(F2 ),...,IRi,j(FS )) is created.

The columns of the normality matrix generate a vectorial space of the images.

The columns carry the information relating to one region of the watched scene at different
instants and in a normal situation, whereas the autovectors of the respective co-variance
matrix are the principal components thereof, i.e. the directions in which the variance of the
columns of Yjj, i.e. of the collected images, is greater.

Once the matrix Y;; has been obtained, a singular value decomposition (SVD) is carried out in

order to obtain three matrixes Uyj, Vi, Zjj such that
T
Yy =Usy 245 Vij
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with
Uij=[u; ... ug]
Z;; = diag(oy, ...,08)
Vij=[vi... vg]

wherein u; (vectors € R™) are the autovectors o the co-variance matrix of Yjj, and oy, ...,Cs
are the singular values of Yj;.
As known, when using an SVD decomposition the elements of the diagonal matrix X;; are
bound by the following relationship:

61>..2 02642 ... 05> 0
According to the invention, in order to optimize the detection of events and to focus on the

relevant informative content of the image, the matrix Yj; is approximated by the matrix

Y5 =U; -2 (Vifj )

wherein
Uj;= [ug ..ou,]
= diag(o; ...0,)
Vi = [vy v, ]

and wherein the number of singular values r taken into consideration for building Y, is
obtained by ignoring all singular values below a certain threshold.

The matrix Y;; has the same dimensions as the matrix Y; ;, but it only carries the information

, T
relating to the ;irst r principal components of the matrix Y:j.
The columns u, ... u, of the matrix U}; are the principal components of the matrix Y.
To determine the threshold, several tests have been carried out which have shown that a good
event detection can be achieved when the informative content of Yj; is approximated by
giving up 20%-30%, preferably 25%, of the energy of Y;; (i.e. of the image portions R;; used
for building this matrix).
Due to a known property related to singular values, the percentage of energy %E(r) bound to

the first r principal components of the matyix Y;; (with S singular values) is:

Starting from these considerations, for each region Ryj a respective value of r is determined

and the matrix Yj; is built, which represents the essence of what was learnt during the
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learning phase.
At this point the validation phase is carried out, aiming at verifying that the learning set
consisting of the training frames is sufficiently representative of the watched scene in a
normal situation.

The verification provides a simulation of an operating detection phase, wherein current
images of the supervised area are replaced with at least one validation frame FVAL e a
learning image not belonging to the learning set, and therefore not used for building the
normality matrix Yij.

In practice, the validation is carried out by using at least one validation frame FYAF which is
subdivided into a plurality of regions R; J(FVAL) through the same grid already used for
subdividing the training frames.

For each region R; J(FVAL), a corresponding vector IR; ’j(FVAL) is created as was previously done
for the training frames.

Subsequently, the vector IR; ’j(FVAL) is projected on a space of the learning images in order to
determine the “distance” between the validation image and the normal situation synthesized in
the matrix ;.

As known, given a matrix Y, = (y{ e yg) with elements in R™, it is possible to define the
space Range( Yifj ), which is an underspace of R™, consisting of all linear combinations of the
columns yj,y5--ys. According to a known linear algebra theorem, the underspace
Range( Yifj) coincides with the underspace Range(Uirlj ), consisting of all linear combinations
of the columns of U},

Ly ?

The projection of an image portion R;; of the frame FYAL j.e. of the vector IR; i€ R, on the

i.e. of the first r principal components of Y, ;.

principal components of Y;; is therefore obtained by using the projector operator defined as

PRange(Y i)

_TTr . r \T
PRange(Yifj)_Ui/j (Ui/j)

Once this operator has been calculated, for each image portion R;; the projection Proj(IRi,j )

and the projection error err_Proj(IRi,j ) are calculated as

Proj(IRi,j )= Ui, '(Uir,j ) TIRy,
err_Proj(IRi,j )=HPrOj(IRi,j )‘IRLJ’ 2

The watched scene will be signalled as anomalous (i.e. an event will be detected) if the
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projection error is greater than the respective threshold, i.e. if the following relationship is
fulfilled:

err_Proj(IRi,j )2 Thr,;
According to a preferred embodiment, the threshold Thr;; is determined automatically and is
set to the r+1" singular value oy of the matrix Yjj i.e. to the highest index singular value

fulfilling the relationships

I

Zoi <%E and 0, 20,2..20,20,,, 20

i=1
Advantageously, the threshold can be set to ko with k>1 so as to take into account any
background noise being present in the images.

Since the validation frames F'AL

should represent the scene in a normal situation, no event
should be detected even in the worst conditions. Otherwise, the set of acquired training frames
is not representative of the scene in a normal situation; according to the method, it will be
necessary in this case to select a different learning set and to rebuild the matrix Yif]. .
For the purpose of preventing a good set of training frames from being discarded because a
validation frame (not the training frames) is not actually representative of a normal situation,
in a preferred and advantageous embodiment the method provides for simulating the event
detection on a plurality of validation frames.
According to this embodiment of the method, the set of training frames will be changed if a
number of events is detected which is greater that a preset percentage, e.g. 25%, calculated on
the total number of measurements. For example, if the validation phase verifies 100 validation
frames and detects 25 events, then the method will require the learning set to be rebuilt.
According to a further advantageous embodiment, the normality matrix Y;; will be
regenerated by starting from a new learning set if the mean projection error mr—oj of a
plurality of validation images is greater than or equal to the threshold Thr;;.
The mean projection error m is calculated as

err_Proj = media [err_Proj1,err_Proj2, err_ProjS,...]
wherein “media” is a function which receives the projection errors err_Projl, err Proj2,
err_Proj3... of the validation images and outputs the mean value thereof.
In another embodiment it is possible to calculate the maximum projection error err—_Prgj MAX
among the projection errors of a plurality of validation images. If said error is beyond a preset

threshold, then the training phase will be repeated by rebuilding a new learning set.
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In a preferred embodiment, the number of frames to be added depends on the difference
between the mean projection error err_Proj and the threshold.

As an alternative, a predetermined number of frames may be added which is dependent on the
memory available in the buffer.

Preferably, not all of the frames added to the learning set are consecutive.

The maximum size of the learning set may be defined (at installation or production time) as a
function of the available memory and computing power.

During the learning phase, the method provides for storing a plurality of pieces of information
which are useful for detecting an event. In particular, the following information is stored:

- the matrixes Uj; = [u; ...u,]

- the thresholds Thr;j

- the number r of principal components of each region R;; which allows to optimize the
matrix Yi;.

Once the learning phase is over, the video surveillance system can start the actual operating
phase by acquiring current images of the supervised area in order to detect any events.
Through the video camera 5, a current image of the supervised area is acquired, in particular a
frame F* of the video signal generated by the video camera.

The frame F* is subdivided into a plurality of regions R;;(F*) by means of the same grid
previously used during the learning phase.

For each region R;(F*), a corresponding vector IR;;(F*) is created, which is then projected on
the principal components of Yjj, i.e. on the space of the learning images, in order to evaluate
the projection error
err_Prof(IR,, )=[Proj(IR; )- IR| -

as described with reference to the validation phase.

Within each region R;j, an event will be detected if the projection error is greater than the
threshold selected by the system for that same region Rjj;.

These steps use the information stored during the learning phase.

Fig. 4 illustrates an example of event detection. The analysed frame F* shows a corridor,
which is the same corridor as that shown in Figs. 1 and 3, wherein two people are present
whose silhouettes occupy a portion of the frame; in the example of Fig. 4, said silhouettes
occupy seven regions Rij.

Only these regions R;; (highlighted by a white contour) occupied by people will have an error
which is greater than the accepted threshold, thus triggering an alarm.

-10-
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Although the above-described algorithm provides for treating images as vectors, obviously the
physical meaning of these operations should not be overlooked, such operations being also
obtainable in different manners and through different steps.

Detecting an event by evaluating the projection error of the image vector on the vectorial
space of the images Range(Y;;") corresponds to comparing a current image R;;(F*) with an
image corresponding to a linear combination of a plurality of reference images approximating,
or coinciding with, respective learning images.

This concept will become clearer when looking at Fig. 5.

The space Range(Y;;") is represented by the plane I' in which the reference images y7i...yg
and all linear combinations C;,C,,Cs... of such reference images lay.

Projecting a current image R;;(F*) on the plane I' means comparing said image with the linear
combination C; of the reference images which is closer to the image R;;(F*) in the sense of the
L2 standard.

Rather than a pixel-by-pixel comparison, this is an image-by-image comparison; this means
that, in addition to the values of the pixels of the image, the correlation thereof is also taken
into account through the principal components analysis.

Of course this comparison, which according to the preferred and advantageous embodiment of
the present invention is synthesized by the step of projecting the vector corresponding to the
current image on the space of the images Range(Yi;'), may alternatively be obtained by
comparing first the values of the single pixels and then the relationships among the pixels of a
current image and of an image built during the learning phase and corresponding to a linear
combination of images approximating, or coinciding with, images acquired in a normal
situation.

The advantages of the present invention are apparent from the above description.

The proposed approach, based on a comparison between portions of the current image (i.e.
groups of pixels) and respective models built during the learning phase, turns out to be more
reliable than known solutions based on a comparison of each pixel, in that it allows to take
also into account the spatial correlation among the pixels.

Furthermore, unlike known solutions using a statistic model in order to represent the normal
situation of one pixel, the model according to the invention consists of a set of vectorial
spaces, each pertaining to one region of the image, obtained from a learning phase.

As a result, therefore, the model according to the invention allows to represent normality in a

much more accurate manner than the solutions known in the art, since it uses images rather
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than statistical parameters such as average and variance.

Also, PCA is an information compression method which allows to rebuild the original data
(this not being possible with the statistic methods used by existing solutions), thus not
endangering the quality with which normality is described and the resulting detection
reliability.

The proposed approach also offers a high degree of automation, unlike traditional approaches
which require arbitrary choices when programming and setting up the system.

In particular, the detection threshold is calculated automatically based on the learning data.
Moreover, the proposed approach selects the length of the learning buffer autonomously
depending on the dynamics being present in the watched scene during the learning phase. In
particular, the algorithm chooses a compromise solution between available memory and scene
dynamics.

Furthermore, the minimum number of principal components used for representing the
vectorial space also changes as a function of the scene dynamics and is also calculated by the
algorithm.

It is also clear that the above description presents a video surveillance system and an event
detection method according to preferred embodiments which represent non-limiting examples
of realization of the system and of implementation of the method.

In particular, the selection of the optimum number of components r;;, which allows to reduce
the informative content of the matrix Y, can be carried out in several different manners.

For example, the r;; principal components may be chosen by picking up those associated with
a singular value being greater than a percentage (preferably in the range of 1-4%, more
preferably 2%) of the greatest singular value (1) of the matrix Yjj

For example, if the matrix Yj; has the following singular values: 6;=100, 62=20, 63=10, 4=1,
05=0,5, 66=0,3 ..., by accepting singular values greater than 2% of o; only the first three
principal components u;, Uz, us will be taken into consideration.

Furthermore, the projection error, which in the preferred embodiment is
calculated as err_Proj(IRi,j )=”Proj(IRi,j )- IR;;

calculated as any Lp standard:

, may without distinction be

2

err_Proj(IR,; )=[Proj(IR,; )- IR

ij Lp
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CLAIMS

1. Event detection method for video surveillance systems, comprising a learning phase,
wherein learning images of a supervised area are acquired at different times in the absence of
any detectable events, and an operating detection phase, wherein current images of said area
are acquired, characterized in that an event is detected by comparing a current image with an
image corresponding to a linear combination of a plurality of reference images approximating,
or coinciding with, respective learning images.

2. Method according to claim 1, characterized in that said reference images are obtained by
using a method for analysing the principal components of a learning set consisting of a
plurality of learning images.

3. Method according to claim 2, wherein said learning set is organised in a normality matrix,
the columns of which contain the pixels of said learning images, and said reference images are
the columns of a matrix (Yi;") approximating said normality matrix (Yij).

4. Method according to claim 3, characterized in that said method of principal components
analysis comprises a step of decomposing said normality matrix into singular values, this

decomposition providing three matrixes

Ui,j = [LI1 us],
2;; = diag(oi, ...,0s), and
ViJ = [V1 Vs],

such that the normality matrix Y;; can be written as:
T
Yi,j = Ul,] . Zi,j M Vl/]
5. Method according to claim 4, wherein said matrix approximating said normality matrix is
T
r o _ 7T r T
ﬁJ—Uﬁ'Zu'ah)

wherein
Uf/] = [111 oes 111.]
X = diag(o, ...0,)
Vi = [vy v, ]

the number r of columns of the matrixes U’}

z..,V

i Vi

;»2i; » Vij being smaller than the number S of

ij »
the columns of the matrixes U, |
6. Method according to any of claims 3 to 5, wherein said matrix approximating the normality
matrix is such that the sum of its singular values is smaller than a preset percentage,
preferably 75%, of the sum of the singular values of the normality matrix.

7. Method according to any of claims 3 to 5, wherein the singular values of said matrix
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approximating the normality matrix are greater than a preset percentage, preferably between
2% and 4%, of the greatest singular value of said normality matrix.
8. Method according to any of the preceding claims, characterized in that said comparison
comprises the step of projecting an image vector, corresponding to said current image, on the
vectorial space defined by all of the linear combinations of the reference images as a whole.
9. Method according to claim 8, characterized in that an event will be detected if the following
relationship is fulfilled:

err_Proj(IR) > Thr
wherein Thr is a threshold and err Proj(IR) is a projection error calculated as the standard of
the difference between the vectors IR and Proj(JR), IR being saici image vector and Proj(JR)
being the vector corresponding to the projection of IR on said vectorial space.
10. Method according to claim 9 when claim 8 is dependent on any of claims 2 to 7, wherein
said normality matrix and said approximating matrix have a plurality of singular values in
common, characterized in that said selected threshold is equal to the greatest non-common
singular value.
11. Method according to claim 9 when claim 8 is dependent on any of claims 2 to 7, wherein
said normality matrix and said approximating matrix have a plurality of singular values in
common, characterized in that said selected threshold is equal to the greatest non-common
singular value multiplied by a preset real number greater than one.
12. Method according to claim 10, characterized in that said selected threshold is equal to a
preset percentage between 2% and 4% of the greatest singular value of said normality matrix.
13. Method according to any of the preceding claims, characterized in that said learning phase
comprises a training phase and a validation phase, said training phase being adapted to select a
Jearning set consisting of said respective learning images, and said validation phase being
adapted to verify that said learning set is a model which is representative of said area in the
absence of any detectable events.
14. Method according to claim 13, characterized in that said validation phase comprises at
Jeast one simulation step for simulating said operating phase, said simulation being carried out
by comparing a validation image with a linear combination of said reference images, said
validation image being a learning image not belonging to said learning set.
15. Method according to claim 13 or 14, characterized in that the training phase will be
repeated by changing the learning set if said validation phase detects an event.

16. Method according to claim 13 or 14, wherein said validation phase comprises the steps of:
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- projecting a plurality of image vectors, corresponding to a plurality of validation images, on
the vectorial space defined by all of the linear combinations of said reference images as a
whole,
- for each projection, detecting a projection error defined as the standard of the difference
between an image vector and the vector corresponding to the projection of the image vector on
said vectorial space.
17. Method according to claim 16, characterized by
- calculating the mean projection error m as

m = media[err_Projl,err_Pron, err_Proj3,...]
wherein “media” is a function receiving the projection errors err Projl, err Proj2,
err_Proj3... of the validation images and returning the mean value thereof,
- repeating the training phase by changing the learning set, if the mean projection error
EIFI'Oj of a plurality of validation images is greater than or equal to a certain threshold.
18. Method according to claim 16, characterized by
- determining the maximum projection error é;rjPr—ojM ax Of all projections of said plurality
of image vectors,
- repeating the training phase by changing the learning set, if the maximum projection error
MM AX is greater than or equal to a certain threshold.
19. Method according to claim 13 or 14, characterized in that the training phase will be
repeated by changing the learning set, if said validation phase detects a percentage of events
which is greater than a preset threshold.
20. Method according to any of the preceding claims, characterized in that image processing
steps are carried out during both the learning phase and the event detection phase.
21. Method according to claim 20, wherein said image processing steps comprise a step for
reducing said images to greyscale.
22. Method according to claim 20 or 21, wherein said image processing steps comprise a low-
pass filtering step preferably using a Gaussian kernel.
23. Method according to any of the preceding claims, wherein said learning images and said
current images are groups of pixels obtained by subdividing frames or half-frames of a video
signal by means of a predefined grid.
24. Information technology product which can be loaded in a memory area of an electronic
computer and which comprises code portions adapted to implement the method according to

any of claims 1 to 23 when executed by said computer.
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25. Video surveillance system comprising at least one image acquisition unit connected to an
image processing unit, said image processing unit being adapted to implement at least a
portion, in particular all, of the method according to any of claims 1 to 23.

26. Method according to the innovative teachings of the present description and of the
annexed drawings, which show preferred and advantageous examples of embodiment of said
method.

27. System according to the innovative teachings of the present description and of the annexed

drawing, which show preferred and advantageous examples of realisation of said system.
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