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Abstract— This paper deals with a study concerning the so
called "smart video surveillance" system, starting from the
consideration of unexpected motions. It is known that security
staff, whose aim is to watch monitors and approach in case
something bad and unlawful happens, in any kind of location,
can keep the attention up for no more than twenty minutes, then
the concentration falls down severely. Since this decrease of
efficacy, it may be helpful a support system in watching and
analysing the real-time or recorded scenes. According to the state
of the art, unlike several other examples of smart video
surveillance techniques (3,4,5,6), this one described in this article
does not focus on the images, it does rather on the velocity
parameter. Given a certain scenario, certain behaviours, thereby
velocities, are expected, and it is supposed they might happen.
The anomalies recognition is done using artificial neural
networks, which are built and trained in order to compare an
array (target) of expected velocities in normal conditions of life,
to several arrays (input) of other velocities extracted from
unexpected situations properly chosen. Once decided the tool for
tracking the motions in the videos, then obtained the arrays of x
and y velocities components, it is the time to build the artificial
neural networks through iterations, which have been done
changing the number of hidden neurons. The results are
interesting enough and go right to the purpose, which consists in
the choice of the best neural network.
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I. INTRODUCTION

Unexpected motions are those motions that, given certain
surrounding circumstances, (such as time, place of the world,
society, location, and so on) might be considered unexpected as
unusual if related to the motions already spotted in the same
circumstances, for instance, or those ones which are commonly
thought as reasonable according to the common sense. It could
look much easier to recognize motions as unexpected or not
through some very specific characteristics and parameters that
should be taken into account and that might help to define a
certain behavior. This is what in 2001 two psychologists
Davison and Neale (1) tried to do through the following list in
the book they wrote together “Abnormal Psychology”: 1)
statistical infrequency, 2) violation of norms, 3) personal
distress, 4) disability or dysfunction, 5) unexpectedness, 6)
time, 7) place, 8) culture, 9) time of the year, 10) season.
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Then, if on one hand it is important to recognize the
unexpected motions, on the other hand it is important to try a
kind of mathematical modelling of the motions themselves
[20]. The transition from a rational behavior to an irrational one
is controlled by nervousness that influences the strength of the
subject and the velocity of their movement. Le Roy F.
Henderson tried to model people movements supposing that in
normal conditions, crowd does behave as gas or fluid, even if
with some revision. In large spaces, it should be possible to
assume that people move according to the equation
Q(p)=pV(p) (1). Where Q represents people flow, p represents
their density and V their velocity.

In panic crowded space situations, psychology shifts from
individual to crowded psychology, it is said herding behavior,
which is irrational and takes bad results, such as dangerous
overcrowding, getaways get longer and sometimes fatalities
increase (7,8,9,10) . There are specific behaviors and facts that
can be distinguished in panic situations: 1) pedestrians become
very nervous; 2) pedestrians try to walk faster for escaping
from the source of the fear; 3) pedestrians push each other, so
they interact physically; 4) movements become mismatched
when pedestrians must go through a bottleneck; 5) physical
interactions increase in crowded escape situations, and they
might reach dangerous pressure, which could bend steel
barriers and tear down brick in the walls; 6) arching and
clogging could be observed at exits; 7) extra exits, such as side
exits, are usually ignored and then not used as escape exit; 8)
escapes are obstructed by fallen or injured people that become
real obstacles; 9) people show herding behavior.

After the tragic Nine Eleven, there has been a great increase
and development of video surveillance and video analysis
(12,13,14). These instruments are very useful for controlling
high-risk areas; they support human activities of control.
Moreover, the terrorism threat has created a shift in the security
paradigm from “investigation of incident” to “prevention of
potentially catastrophic incidents”, this is the main meaning
video surveillance acquired.

Existent video surveillance systems allow to record
information; meanwhile threat detection is left to human
operators. It is an exhausting work, and many errors may
occur. There were made many studies about effectiveness of
human monitoring of surveillance videos, and a study made by
US national Institute of Justice concluded as follows: “Such a
task (manually detecting events in surveillance video), even



when assigned to a person who is dedicated and well-
intentioned, will not support an effective security system. After
only 20 minutes of watching and evaluating monitor screens,
the attention of most individuals has degenerated to well below
acceptable levels. Monitoring video screens is both boring and
mesmerizing. There are no intellectually engaging stimuli, such
as when watching a television program.” Smart video
surveillance (21,22,23) has at least two advantages, even if
computer programming to detect, classify and spatial and
temporal coding pixels is a very complex issue: 1) real-time
threat alert: there is an alert when a certain event, defined by
users, happens in the camera field of view (for example
automatic detection of missed objects); 2) rapid video search:
this system allows to look for a specific object or event (for
example it could be required to find all the red vehicles in the
traffic flow).

II. THE CASE STUDY

The purpose of the study was to develop a system able to
recognize unexpected motions in surveillance video thanks to
the use of Artificial Neural Network. Researches demonstrated
that security staff attention decreases after 20 minutes, for this
it would be taken into account the possibility to create a system
able to recognize unexpected motions analyzing velocities
(16,17), rather than images like many others already did. In
fact velocity changes when anything in the scene happens. For
example, in case of shooting, people will run away from the
source of danger increasing their speed. The same kind of
behavior should be expected in case of fire or explosion.
Therefore, an increasing of velocity in many subjects in the
scene is a marker that something probably unexpected is
happening.

Two codes of the same computation environment are
recognised as useful, and used to get the purpose of this study
(15). The first of them, known as “optical flow” (figure 1)
allows to gain the spatial distribution of the apparent velocity
by changing the brightness of the images. Horn-Schunck
method is to obtain the velocity value. The results of video
processing is an n*m*] matrix, where: 1) n and m are
horizontal and vertical resolution pixels; 2) I represents the
number of frames each video is composed by. For each frame it

Fig. 1.
is obtained a matrix of velocity of each pixel of the image.

Example of a figure caption

The second code is known as “multi-object tracking”
(18,19) that allows to recognize and track objects in the video
recorded by a stable camera (figures 2 and 3). This is a more
complex code than the previous, and it is able to calculate

objects’s velocity as the difference between the centroid’s
positions in two consecutive frames. Then there are two kinds
of results: 1) a matrix of velocities: n*m matrix where n
represents the number of tracks and m the number of frames of
the analyzed video; 2) the array of tracks: made by all position
changes for every single track, they are represented by a couple
of values x, y. For every track, it has been obtained a couple of
values for every frame where the track is. In this way it is
gained the change of position for every track, even if it is not
an absolute value. The purpose is to create a matrix of
velocities for each video, made up by the modulus of the
position change for every track. Unassigned tracks are found
and initialized.
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Fig.2. A frame from the video with normal conditions and

behaviors, through multi-object tracking code
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Fig. 3.

A frame from the video with normal conditions and
behaviors, through multi-object tracking code

A. The creation of the artificial neural network

The next step has been the creation of artificial neural
networks (11) to analyse the velocities changing of the objects.
For doing this they have been taken as term for comparison the
velocities which are typical of normal conditions, these are
extracted from the nineteenth video, that recorded in Piazza



Navona. It is now the time of the turning point: to detect
unexpected movements.

An artificial neural network is a computational model
inspired by central nervous system that is capable of machine
learning and pattern recognition. It is an interconnected system
of “neurons” that can compute values from inputs by feeding
information through the network. Multi-object tracking code is
that one used to create the network input. The input consists of
two arrays with all the videos velocity values. These velocities
do not belong to the number of tracks on the scene and the
frame rate. The network is done by iterations, changing the
number of neurons in the hidden layer. The final goal has been
to find the best network.

| INPUIT | | HINDNDEN | | OUTPUT

NORMAL
:
WARNING

Velocity is obtained doing the
average of the change of position,
along both x and y. This is done
for every single frame. 0,5
seconds is the time reference.

Normal or warning
situations are
given by velocity
change

Fig. 4. Scheme of the artificial neural network

Before describing step by step what has been done, it is
important to underline the fact that every video has got
different duration, different number of tracks, different number
of frames and different frame rate. The videos were chosen
according to specific needs of urgency representations. The
first thing has been done is the splitting of the couple of values,
so that there is, for each track, distinguished x and y component
arrays. Then, it has been calculated the velocity average, based
on the number of tracks in every frame. The input has been
established as independent from the number of tracks. The
nineteen videos have three different frame rates: 1) two videos
present a frame rate composed by 30 frames per second; 2) one
video presents a frame rate composed by twenty frames per
second; 3) seventeen videos present one frame rate composed
by twenty-five frames per second. Further things to be known
are that the time sample lasts 0.5 seconds, and the velocity is
obtained doing the moving average on the frames. The input is
a one unique array done by the velocities averages, frame after
frame, for every single video. The target has been done by
hands, simply watching every video, and putting, for each
frame, O in case of normal situation, and 1 if danger. Lastly the
output, it consists in an array composed by a sequence of 0, 1
(1 in case of warning situation, 0 in case of normal situation
due to changing of velocity). It is the time now to create the

Artificial Neural Network importing both input and target
arrays, and choosing the number of neurons in the hidden layer.

Then the network might be trained, going right to the
graphic results where performance and regression are
represented. On a hand the performance allows to evaluate the
network performance, on the other hand the regression is used
to estimate the expected value influenced by a dependent
variable (it estimates how well the network learns).

Neural Network Training Regression (plotregression), Epoch 11, Va\idmm L= | 5 e

File Edit View Inset Tools Desktop Window Help Ll

Training: R=0.11734 Validation: R=0.0457

©  Data
Fit
v=T

O Data
Fit
T=T

=]
=
o
=

o
=
o
=)

=]
=
o
=

=]
&)

Output ~=0.012"Target + 0.67
=
s

Output ~= 0.0029"Target + 0.67

=]
o

o

02 04 06 08 1 02 04 06 08 1
Target Target

o

Test: R=0.0047082 All: R=0.083747

@ Data

08 Fit
H=T

< Data

08 Fit
¥=T

Output ~= 0.00063 Target + 0.68
Output ~= 0.0087*Target + 0.67

0 02 04 06 08 1 0 0z 04 06 08 1
Target Target

Fig. 5. The goodness of the neural network

Along x axis there is the number of epochs (iterations);
along y axis the mean squared error between the real output
and the artificial network output. The blue curve represents the
training sets used to training the network using the target data,
the green curve represents the validation set that is used to test
the network and visualize if there is an overfitting problem, and
the red curve represents the test set that is used to verify
function and performance of the network. Dotted line
represents the learning function, continuous line represents,
instead, the function learned by the network. The circles are
inputs and targets.

ITII. RESULTS

Iteration is used in order to obtain the best results, it is
done changing the number of the hidden neurons time after
time, and for both vy and v,. Performance and regression
graphics have been analyzed to choose the best network.

The figure on the left represents v, performance, varying
the number of the hidden neurons from 10 to 100 the trend is
included in a very close range. It is observed that from a certain
value of hidden neurons, the network processing goes slower,
this is why 55 hidden neurons network is chosen as the best
network.
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Fig. 6. Performance of x velocity components

At this point it has been important to estimate, through
three different tests, the changes obtained modifying the
training set, validation set and test set percentage for the chosen
network. The tests have been conducted as follows: 1) 70%
samples in training set, 15% samples in validation set and 15%
samples in test set. Network stops after 10 iterations. and the
best performance is at epoch 4 and 0.22684 as mean squared
error. Regression is 0.19982 for training set; 2) 65% samples in
training set, 20% samples in validation set and 15% samples in
test set. Network stops after 8 iterations, and we obtain the best
performance at epoch 2 and 0.22439 as mean squared error;
that is very similar to the previous result. Regression is 0.24028
for training set; 3)45% samples in training set, 30% samples in
validation set and 25% samples in test set. Network stops after
9 iterations and we obtain the best performance at epoch 3 and
0.22027 as mean squared error. Regression is 0.21345 for
training set. The network number 2 has been chosen.
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Fig. 7. Regression of x velocity components

Along these same lines it has been conducted an analysis
for vy, and as well in this case it has been observed that the
performance values are included in a very close range. Doing
the same considerations done above, 60 hidden neurons
network has been chosen.

Training set, validation set and test set have been conducted
and the results are as follows: 1) 70% samples in training set,
15% samples in validation set and 15% samples in test set.
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Fig. 8. Performance of y velocity components

Network stops after 10 iterations, the best performance is at
epoch 4 and 0.21931 as mean squared error of. Regression is
0.19294 for training set; 2) 65% samples in training set, 20%
samples in validation set and 15% samples in test set. Network
stops after 9 iterations, the best performance is at epoch 3 and
0.22168 as mean squared error; that is very similar to the
previous result. Regression is 0.20476 for training set; 3) 45%
samples in training set, 30% samples in validation set and 25%
samples in test set. Network stops after 28 iterations and the
best performance is at epoch 22 and 0.21718 as mean squared
error. Regression is 0.23221 for training set. In this case too, no
consistent differences among the network, this is why the third
network has been chosen.
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Fig. 9. Regression of y velocity components

IV. CONCLUSIONS

The purpose of this paper has been to find a system able to
recognize unexpected motions in surveillance videos using
Artificial Neural Network. The attempt has been the creation of
a system able to recognize unexpected motions analyzing
velocities and not images, and then one of the main issue is the



definition of unexpected versus normal behaviour. Human
tracking is the first step of the behaviour modelling, and two
codes are chosen as able to recognize people velocities in
video. The first one is the optical flow code, which allows
gaining the spatial distribution of apparent velocities; these
values are obtained thanks to the change of brightness in the
image (Horn-Schunck method). The second one is the multi-
object tracking that allows recognizing and tracking objects in
a video recorded by a stable camera, this is a more complex
code than the previous one and it is able to calculate objects’
velocity too simply doing the difference between the centroid’s
positions in two subsequent frames. It consists in a changing of
position for each track in each frame.

They have been created two artificial neural networks
(according to x and y components) to analyze the velocity
change of moving objects, to detect unexpected movements.
Multi-object tracking is the code chosen, and its results are
used as artificial neural network input, which is composed by
19 videos velocities arrays. The network has been created
through an iterative method, changing the number of neurons
in the hidden layer. The final goal was to find the best network
to optimize the problem, starting from input and target.

Unlike what expected, even changing several times the
number of neurons in the hidden layer, the results were
involved in a close range for both v, and v, networks. In
particular, there is not overlapping between the two lines of the
learning function and the line that represents the function really
learned. This may happen because of the use of arrays instead
of matrix. However, this choice reason is related to the fact the
videos have all different durations.
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