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In the event of an emergency in public buildings, it is important for rescue
services to know how many people were in the incident area. For example, the analysis
of rubble and ruins in which victims may be located must be carried out with high
speed and special precautions. When rescue operations are completed and there are no
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more people under the rubble or in the fire zone, other technical means can be used
with less urgency and caution. This work is devoted to solving the problem of
recognition and pairwise identification of incoming and outgoing people according to
CCTV cameras at the inputs and outputs.
The algorithm has the following components:
« detection - detection of people in the image;
« tracking - matching several consecutive images in order to determine the path of
people
« counting incoming and outgoing;
. combining entry and exit events in pairs to obtain information about those who are
in the building.

It is assumed that the detection operation, in contrast to tracking, is expensive in
terms of computing resources. In this regard, it is proposed that the detection operation
be performed once in N frames, where N is selected empirically based on information
about the computing power allocated for the algorithm. The rest of the frames will use
tracking.

The task of counting is solved using the results of recognition and tracking. To
begin with, an imaginary line [ is drawn, when the object crosses it, one of the counters
(“Objects in”, “Objects out”) will increase. The location of this line depends on the
location and visibility of the camera and is unique for each. We place the investigated
image in the coordinate system so that the image borders are parallel to the coordinate
axes. For simplicity, we assume that the line [ is parallel to the OX axis. As a result of
detection, the object in the image is defined as a rectangle. The coordinates of the object
will be called the center of such rectangle. The rule by which an object is considered
to be one that has crossed the line [ can be determined in various ways. Below we state
one that in our experiments proved to be better than the rest. Due to the continuity of
movement, we will assume that the object crossed the line [ if it was defined on two
sides of line [ on two consecutive images. In this case, by the sign of the increment of
the y coordinate of the object, you can determine whether the object has entered or
exited.

It is proposed to detect objects using a neural network, in particular, MobileNet
[1] has shown itself quite well. At the same time, due to the features of the CCTV
camera, it may be necessary to retrain the neural network using Transfer Learning [2].

As a tracking algorithm in our studies, we used a combination of the centroid
method [3] and the correlation method [4]. One of the areas for further research is the
development and use of a single algorithm.

Conclusions. In the course of work, a method for counting objects was
developed. Its essence is the use of detection and tracking, on the basis of which the
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action of the object and its location are determined. From this, a conclusion is drawn
about increasing counters (“Objects in”, “ Objects in 7).
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