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ABSTRACT

Nowadays video surveillance systems geared towards pedestrian detection has attracted a great deal of interest,
leading to an increase in research on pedestrian datasets over the past decades. However, most existing datasets
focus on images that are not specifically optimized for motion detection. To address this limitation, in this work
is proposed a dataset that includes video recordings of pedestrians inside university facilities of the Autonomous
University of the State of Mexico. It contains features that impede pedestrian motion detection. Here is
considered the fact that pedestrian’s transit through closed and open spaces, added to natural or artificial lighting,
the type of background, occlusion and even the type of clothing. Therefore, pedestrian detection of these
proposed scenes were performed with a technique called Motion Detection with Background Subtraction

(MDBS), which shows promising results.
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I. INTRODUCTION

Surveillance systems are an attractive field
in computer vision and traffic monitoring systems
[1]. Currently, there are several surveillance camera
systems installed in our surroundings [2], But not all
of them can be monitored continuously because
human operators are needed to monitor events and
not withdraw their attention from the screens, but
this is difficult, as there are studies that indicate that
a human operator tends to get tired after a certain
time and with this situation it is not possible to
detect events that seem to be important. In video
surveillance systems, human detection is a major
problem for the development of video surveillance
technology[3]-[5]. The people detection process
provides useful information that can be used to
classify people's activities, such as walking, running,
jumping, waiting, among others. Pedestrian
detection continues to be a problem studied by
different researchers, despite the fact that people
move in real environments, such as parks, schools,
shopping malls, lobbies, airports, borders, etc.,
important information is generated to be analyzed.
Added to it, the type and color of clothing can make
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the detection problematic because of the lack of
contrast. Also, lighting changes and distractors such
as background clutter can affect detection. In the
development of this task, the aim is to identify
complications such as disturbances in the
appearance of people in the sequence, obtaining
false positives or false negatives in the detection of
people, as well as the partial or total conclusion of
people. That is the reason this work would focus on
providing images of pedestrians walking in scenes
with variations in background, type of clothing, etc.,
these images are intended to be stored in a dataset,
which will be available on a website so that it could
be wused by researchers in the detection of
pedestrians.

Nowadays, researches related to pedestrian
detection in video recording systems obtained from
CCTV cameras are being carried out. The state of
the art studies the characteristics of the detection of
people in different places, with different variations
in lighting environments, size, shape and position,
those factors prevent the detection of people
walking in these scenes [6]-[8].

In order to perform pedestrian detection it is
necessary to have a collection of images or datasets
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of images containing people wandering and which
were videotaped in different parts of the world, it is
worth mentioning that these datasets were not made
for motion detection and another important point is
that they were recorded in other places abroad,
where there are certain restrictions to download
these videos or pedestrians do not have the
aforementioned characteristics. Some of these
datasets are:

1. Penn-Fudan Database for Pedestrian Detection
(https://www.cis.upenn.edu/~jshi/ped_html/), [9]

2. Caltech Pedestrian Detection Benchmark
(http://www.vision.caltech.edu/Image_Datasets/Calt
echPedestrians/), [10]

3. INRIA Pedestrian Test Dataset, [11]

4. ETH Pedestrian Dataset, [12]

5. TUD-Brussels Pedestrian Dataset, [13]

6. Daimler Pedestrian Dataset, [14]

1. MATERIALS AND METHODS
The proposed technique is called Motion Detection
with Background Subtraction (MDBS), which
detects the region of change (Rol, Region of
Interest), where the pedestrian can be located;
therefore, the following methodology is proposed:

1. Convert the first frame of the video sequence to
grayscale and it is defined as the background
frame (F).

2. Reads the next frame in the video sequence (I)
and converts it to grayscale.

3. Subtracts the background F from the image I,
B(X! y) = I(X!y) - F(Xv y)

4. Binarize B, considering a threshold Th, whose
value is calculated experimentally based on the
state of the art, with a sample a few n images of
Xxy pixels.

5. Erosion B, using a circular structured element E
of radius R = 5, considering that the silhouette of
the human body is curvilinear, and a circular
structure helps to round the contour.

6. Remove residues in B using the 4-neighbor
technique, understanding residue as the set of
pixels isolated from the silhouette of the person.

7. Fill holes in B, understanding that a hole is a set
of pixels of B with value 0 inside the outline of
the silhouette of the person.

8. Calculate the equation of the regression line, to
delimit the cluster where the movement was
detected.

9. Calculate the principal components considering
X representing the n points with coordinates (x,y)
corresponding to the pixels in B whose value is
1.
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Fig. 1 Diagram showing the steps considered to
create the boundary box that delimits the frame
to a pedestrian with the motion detection
technique.
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10. Delimit the region of motion. For this,
calculate the extreme points: P1(x1, Y1), P2(X2,y2),
P3(xs, y3) and P4(xa,ya) of the straight lines L; and
Lo, whose direction vectors are the eigenvectors vi
and vz. These orthogonal lines intersect at the
midpoint O(x,yi) of the pixels in B whose value is 1.
Therefore, as shown in the Fig. 2, the points:
E1(Xa,y1), E2(X2,y1), E3(X2,y3) and E4(Xs, y3) delimit
the region of motion. In this case, the points forming
the line L1 can also be calculated using the
regression line.
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Fig. 2 Estimation of the rectangle or
region of interest obtained by applying
the proposed MDBS algorithm for motion
detection.

Below is the graphical representation of the stages
to segment and subsequently find the region of
interest (ROI) which is delimited by the calculated
rectangle.

I1l. PROPOSED FRAMES FOR DATASET
CREATION

As mentioned previously, the purpose of
this work is to present a collection of images
(dataset), which can be useful to researchers
working in motion detection.

To that purpose the frames shown contains
pedestrians videotaped in the facilities of the
Engineering Faculty of Autonomous University of
the State of México (UAEMex), where specific
features were searched to be considered in the study
of motion detection, these videos can be obtained by
sending an e-mail request to
juan.antonio@tesjo.edu.mx.

In the next frames pedestrians can be seen
walking in a forum of the Faculty of Engineering of
the UAEMEX, the scenario of this forum was
selected as a closed place with controlled artificial
light. The pedestrians that were videotaped in these
frames have a specific outfit (black clothes).
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Fig. 3 Frame showing one pedestrian walking in the
unique direction in the forum of the engineering
faculty of UAEMex.

It is expected that they do not cause
problems with the background, so that the proposed
algorithm or algorithms do not have any problem in
the detection of the possible pedestrian. For
example, in Fig. 3 is showing a frame of the
background without any pedestrian appearing in the
scene, this frame shows that there is a white
background immersed in a wooden environment that
can cause some noise for detection as is the
brightness of the floor and the brown color of the
wood that might contrast with the pedestrian or
pedestrians that are walking.

Fig. 4 Frame showing 2 pedestrians of different
heights walking to the right in the forum of the
engineering faculty of UAEMEX

In Fig. 4, you can see the selection of a
frame with a single videotaped pedestrian, which
should not cause any problem when detected
because it does not cause occlusion. In Fig. 5, it can
be seen that two pedestrians of different heights are
walking in one direction to the right of the frame.
However, in Fig. 6 and Fig. 7, two pedestrians can
be seen walking in different directions generating
occlusion at a specific moment of the crossing
between the two pedestrians. This occlusion is
useful for researchers because they can detect either
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one or the other pedestrian despite the occlusion that
can be detected.

Fig. 5 Frame showing 2 pedestrians walking in
different directions in the forum of the engineering
faculty of UAEMex

Fig. 6 Frame where 2 pedestrians are observed
walking in different directions, but at one point they
are occluded.

It can also be seen that in Fig. 8, 3 pedestrians are
shown entering the scene. This type of scene
generates more noise at the moment of detecting the
pedestrian due to the generation of occlusion

between 3 pedestrians.

Fig. 7 Scene showing 3 pedestrians walking at the
same time generating a problem known as
occlusion.

Likewise shown below are the frames that
were captured in the main forum of the faculty of
engineering of the UAEMex. The forum has a
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wooden background, in addition to a polished
wooden floor that reflects the shadow of people
walking. These factors made it difficult to detect
pedestrians in real time in that sequence. In contrast
to the previous sequences, where a white
background was placed to help avoiding contrast
and thus easily detect pedestrians. This time the
wooden background does not have a white screen
(See Fig. 9), so the algorithm that detects possible
pedestrians would find it difficult to locate these
people. The pedestrians that were chosen for these
scenes were dressed in white shirts and black pants,
expecting satisfactory results at the time of
detection. In Fig. 10 a pedestrian wearing the
described clothing walks from the left to the right
side of the screen.

Fig. 8 Background frame of a wooden forum where
pedestrians will pass to detect

Fig. 9 Frame showing the video recording of a
single pedestrian passing on a wooden background
ina UAEMEX forum.
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Fig. 10 Frame showing the video recording of 2
pedestrians passing on a wooden background in a
UAEMEX forum.

ig. 11 shows a peculiar feature in the scene
where there are two pedestrians walking in opposite
directions. It can be noticed that when walking at a
fast speed these pedestrians generate a blurred
vision in the frame. That would be a disadvantage
when detecting the pedestrians, in addition to the
other disadvantages such as the pedestrians' clothes
and the background. These factors make detection
difficult with the proposed algorithm.
In order to verify the operation of the motion
detection technique, another area of the faculty of
engineering of the UAEMex was selected. It is a
corridor of the graduate building, which has 2 types
of lighting: natural and artificial lighting.
Pedestrians were videotaped walking in a place that
has a window to which a white background was
purposely placed. This environment establishes a
contrast between the pedestrian and the background.
It is worth mentioning that the pedestrians that were
videotaped in these scenes have a random clothing
in order to see the behavior of the algorithm and that
sometimes there was no contrast between the
pedestrian and the background because of the
clothing. In Fig.s 12 and 13, are shown pedestrians
whose clothing does not contrast with the
background because the windows were intentionally
hidden with white wallpaper.
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Fig. 12 In this frame a pedestrian was videotaped
wearing a type of clothing that does not contrast
with the background.

From these videotaped frames in the
chosen environment, it can be concluded that the
expected results tend to be more accurate when
using the technique to detect pedestrians, because
the background and the chosen environment is
conducive to be able to enclose in a bounding box
the detected target. Just in this scene the only
difficulty is the floor where the pedestrians walk, as
it reflects the silhouette of the pedestrian, and this
would be considered a noise factor when applying a
frame difference technique.

Fig. 13 A videotaped pedestrian contrasts with the
background, due to his dark clothing.

V. RESULTS

Here are some results obtained when using
the MDBS algorithm. The best scene was chosen
because it does not present difficulties with the
current algorithm. Unlike the previous scenes, the
one with a white background presents a better
segmentation and a better detection is seen where
the pedestrian is recognized by a rectangle known as
region of interest (ROI) which was obtained thanks
to the proposed algorithm. This rectangle is adapted
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to the shape of the supposed pedestrian detected. As
mentioned before, some algorithms can be used for
motion detection or can also be used some other
techniques that researchers in the area of computer
vision intend to analyze.

The results of applying the frame
difference technique called MDBS are presented
below, showing the performance of this algorithm
in each of the scenes that were performed in the
different enclosures explained previously.

Fig. 14 shows a pedestrian walking in one
direction on the 3rd floor of the postgraduate
building of the Autonomous University of the State
of México; as it can be seen in the Fig., the result of
the segmentation with the frame difference
technique shows a silhouette of a pedestrian
detected despite some problems such as the
reflection of the floor.

Fig. 14 This Fig. shows a pedestrian walking in the
corridor of the 3rd floor of the postgraduate building, its
original RGB frame and a frame in grayscale format are
attached.

The Fig. 15 shows the result of two
pedestrians walking in different directions. It can be
noticed that by the time they are walking the two
pedestrians are occluded when passing a pedestrian
in front of another. A difficulty encountered by the
DFSM algorithm is the floor which reflects the
silhouette of each pedestrian, which makes detection
difficult, as mentioned above.
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Fig. 15 In this frame two pedestrians can be seen
walking in a corridor on the 3rd floor of the graduate
building in which you can notice their original image in
RGB, grayscale and its binarized segmented result
obtained by the DMFS technique, at the good result.

However, in Fig. 16, three pedestrians are seen
walking in different directions, despite the occlusion
and the floor brightness issue.

Fig. 16 It can be seen the segmented result of three
pedestrians walking in the 3rd floor corridor of the
graduate building, the original RGB, grayscale and
binarized segmented images are shown.

Here are the results obtained in the main
auditorium, in the auditorium, which has wooden
walls and stave. There are some problems such as
wood, which generates background noise. When
pedestrians pass the background generates distortion
with the motion detection algorithm, that is why in
some of the scenes the passage of pedestrians is
tested with a background containing a white screen
that would help the detection without causing
background problems. Fig. 17 and 18 show the
results of a pedestrian walking alone in the scene, as
well as pedestrians walking in different directions
causing them to face each other at time t-1 and so
occlude each other.
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Fig. 17 This image shows a pedestrian walking from left
to right in the auditorium with wooden stave and

wooden walls, a white screen was placed to obtain the

segmentation which has noise when applying the Fig. 19 In this segmentation result that was applied to 2
technique. pedestrians walking in opposite direction, it can be noticed
that a good segmentation was not obtained due to the
wooden background.

In addition to the normal segmentation
obtained with the MDBS algorithm proposed in this
research, a bounding box marking is performed
which is calculated and plotted to enclose the
pedestrian. This with the utility of being used as
ground truth to be calculated with the predicted
result, with the help of a metric such as Intersection
Over Union (loU) that can be verified with other
detection algorithms. In Fig. 20 and Fig. 21 are the
results obtained from a pedestrian walking in the
Fig. 18 This image shows two pedestrians walking in opposite third-floor corridor of the faCUIty of engineering

directions in the auditorium with wooden stave and wooden bUilding.

walls, a white screen was placed in order to obtain a good
segmentation.

The segmentation results obtained in the
same wooden auditorium are presented below.
However, the white screen was removed to verify
the effects when applying the segmentation
technique. The polished wood produces a brightness
and reflection of pedestrians when walking and thus
generates noise, therefore unfavorable results are
expected.

Fig. 20 shows the result of the
bounding box obtained from the

image of a pedestrian walking along

Fig. 21 It shows the result of the bounding box
obtained from the image of a other pedestrian
walking along the third floor corridor of the

engineering faculty building.
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In addition to the detection of a single
pedestrian, detection results also show the region of
interest (ROI) by bounding box, of two pedestrians
walking in the third-floor corridor of the graduate
building of the faculty of engineering of the
UAEMEX.

Fig. 22 It shows the result of the bounding box obtained
from the image of a two pedestrian walking along the

third floor corridor of the engineering faculty building.

Regarding the detection in the wooden
auditorium in the stage where a white screen was
placed so that there would be less noise at the time
of detection, the Fig. shows a single pedestrian that
at the time of detection shows noise when
displaying its bounding box.

Fig. 23 The result of the detection of a single
pedestrian walking in the auditorium with stave and
wooden walls is shown, as can it be seen, noise is
generated due to background problems.

But even though the auditorium with
wooden stave and wooden walls has a screen, the
detection results show some noise problems. Despite
the efforts to perform pedestrian detection by
removing the white screen in order to verify the
results, unpromising results were obtained as we
could not segment the pedestrians walking in the
hallway of this auditorium because the wood reflects
the silhouette of pedestrians, in addition to the
brightness and reflection of the light generated by
this auditorium, and therefore this algorithm is not
efficient in this type of problem, as can be seen in
Fig. 24 and 25.
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Fig. 24 In this result it can be noticed that the

segmentation of a single pedestrian walking
in the wooden auditorium is not satisfactory

Fig. 25 In this result it can be noticed that the
segmentation of two pedestrians walking in
the wooden auditorium is not satisfactory due
to different background noise factors.

V. CONCLUSION

This paper presented the study of an
algorithm called MDBS (Motion Detection with
Background Subtraction), in which pedestrians
walking in different parts of a dataset were
videotaped to perform motion detection in each of
the frames belonging to a set of images of the
dataset. For this purpose, a set of datasets recorded
at the Faculty of Engineering of the Autonomous
University of the State of Mexico is proposed. These
scenes have their own characteristics to be used by
motion detection techniques, although it is open to
be used by other techniques that can or want to
detect pedestrians in the mentioned scenes. On the
other hand, some results obtained by a proposed
technique titled DMSF are shown, this technique
has good results, as long as the pedestrians in the
scenes have problems with the background. The
development of this work is not finished. It is
expected to use other motion detection techniques to
analyze and compare their results.

A conclusion section should be included in
which the advantages, limitations, and possible
applications of the work are clearly stated.
Although a conclusion may review the main points
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of the paper, do not repeat the abstract as a
conclusion. A conclusion may explain the
significance of the work or suggest applications and
extensions.
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