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ABSTRACT

The investigation is aimed at supporting decision-making in emergency situations using modern
information technologies on the example of the Republic of Kazakhstan. The object of the study is a series
of satellite or UAV images prepared for analysis. The subject of the study is the identification of emergency
situations using an image from satellite or UAV. The purpose of the work is to develop algorithms for
processing images obtained as a result of images from a satellite or UAV, providing a solution to the
problems of "machine" vision to detect emergency situations. The following tasks had been solved to
achieve this goal: researched image recognition technologies for identifying emergency situations; methods
and models for detecting an object by external signs are selected; algorithms for preprocessing images have
been developed; a software package for image recognition was created to detect emergency situations using
the C# programming environment. Research methods are based on the principles of automation and control,
system analysis methodology, theory of mathematical modeling, digital image processing, pattern
recognition, discrete transformations, modeling using specialized data and image processing packages. A
promising direction in solving the research problem for identifying emergencies using satellite or UAV
images is the development of a "machine vision" system, the final "product” of which is not the image
itself, but the parameters of the controlled process. Thus, for any particular case, it is possible to create a
"machine" vision system that far exceeds the capabilities of the human eye, and sometimes even the human
as an image analyzer. The creation of a software and hardware complex for processing images from a
satellite or a UAV makes it possible to solve the problem of identifying emergencies in vast areas in a
relatively short period of time, which can ensure a quick response of the relevant services.
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1. INTRODUCTION paramount importance in this dynamically
developing area.
The attitude of states to the problems
associated with emergency situations, and the Geoinformation systems continue to

impact of these problems on the development of
society, have been caused by large-scale accidents
and disasters of recent decades. Special structures
have been created in the Republic of Kazakhstan,
modern equipment has been allocated, active
training of qualified personnel is underway, and
much attention is paid to the introduction and to
development of new progressive methods for
monitoring emergencies, their prevention and
prompt response [1]. Information armament has

develop with spatial information at the core; a part
of this information is formed from space. Many
countries have established a national spatial data
infrastructure, i.e. data that is tied to specific
coordinates. The Republic of Kazakhstan has also
embarked on a project to create its own national
spatial data infrastructure [2].

Kazakhstan's own Earth remote sensing
system appeared relatively recently. On April 30,
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2014, the KazEOSat-1 satellite was launched into
orbit from the Kourou space center of the European
Space Agency, located in French Guiana (ESA-
CNES-ARIANESPACE Optique video du CSG). In
June 2014, the second remote sensing satellite of
medium spatial resolution KazEOSat-2 went into
orbit. It was built by Airbus Defense and Space's
subcontractor, the British company Surrey Satellite
Technology Ltd (SSTL) [2]. One of the most
important applications of satellite images is the
security of our independent state.

The organization and management of the
activities of state bodies for the prevention and
elimination of the consequences of emergency
situations (ES), the protection and rescue of the
population and territories from natural and man-
made emergencies are based on the processing of
large arrays of diverse, rapidly changing (emerging)
information. Improving the ways and processes of
working with this information is one of the means
to improve the efficiency of management and
public authorities at all levels.

At present, the structural subdivisions of
the Ministry of Emergency Situations of the
Republic of Kazakhstan are not equipped with the
technical means necessary for reconnaissance of
hard-to-reach and large-scale zones of natural, man-
made and terrorist emergencies (hereinafter referred
to as emergency zones). In this regard, and for these
purposes, the territorial bodies of the Ministry of
Emergency Situations, as a rule, conclude
agreements with aviation enterprises or use the
aviation of regional centers. However, the use of
pilot aviation capabilities is not always effective
due to a rather long response time (up to 6 hours),
high financial costs, severe dependence on weather
conditions, etc.

The most promising direction for solving
this problem is the use of unmanned aerial vehicles
(hereinafter referred to as UAVs), which can be
equipped with operational groups of territorial
authorities of the Ministry of Emergency Situations.

A literature review of research into
environmental monitoring issues, the use of GIS to
identify emergency situations is carried out in the
article [3].

This article focuses on the detection of
forest fires, despite the fact that the study was
conducted in several areas of emergency detection.
The importance and interest in the problem of

detecting forest fires is evidenced by a large
number of publications on this topic in recent years
(2016-2022) [4-6, 8-10, 18, 20-27, 30, 33-50].
Quite a large part of the research is devoted to the
development of methods and algorithms for image
processing. This is due to the emergence of more
efficient modern forest monitoring systems through
the use of visible range cameras in conjunction with
wireless multi-sensor measuring systems (thermal
sensors, sensors of atmospheric pressure, relative
humidity, oxygen, carbon dioxide and carbon
monoxide, etc.) [4, 5, 6, 7]. The support of the
methods is based on the analysis of the color and
texture characteristics of the flame from a fire [8, 9,
10, 11, 12], the brightness and texture
characteristics of the smoke cloud [13-17], as well
as the analysis of the dynamics of the
characteristics of moving objects (speed, direction,
area) [5, 18, 19].

Existing systems for early monitoring
and detection of fires are based on traditional
methods of human observation on site or video
surveillance [5-7]. However, these methods show
inaccuracies and false positives, mainly due to
human limitations in surveillance. Researchers are
working to automate fire detection systems, taking
advantage of technological advances [22-24].

Currently, monitoring of fire hazardous
areas around the world is carried out using photo
and video equipment [7, 23], unmanned aerial
vehicles and various remote sensing tools [25, 28]
that use sensitive sensors that respond to fire.
Depending on the time of day, the nature of the
landscape, the size of the territory, weather and
other conditions in which monitoring is carried out,
one or another means of observation is used that is
most suitable for a particular situation.
Accordingly, certain methods of processing
information obtained by the means used in the
process of surveying the territory are applied.

It is necessary to minimize the direct
presence of people in hazardous areas, while
eliminating the possibility of their defeat in the
event of the occurrence of technological accidents
and fires associated with damage to large areas in
high-risk areas due to the presence of radiation,
chemical and biological contamination of the area,
explosion hazard, in order to suppress the fire, carry
out fire and rescue and emergency recovery
operations. It is especially effective to use special
technologies for conducting emergency rescue
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operations using robotic systems for various
purposes to perform these works [35, 36].

One of the most effective and relatively
inexpensive methods for obtaining information
about fires is the method of video filming and
appropriate digital image processing [33, 37, 41].

When processing a video sequence, not
only the content of each frame is analyzed, but also
tendencies of change (movement) of -certain
characteristics of successive frames are revealed.
However, it is obvious that the quality of data
processing in this case largely depends on the
methods used to analyze the content of fixed
frames.

It is necessary to make a reliable forecast
of its spread, depending on many parameters
(landscape, weather conditions, etc.) having
discovered a fire [45]. Then people need to
organize actions for the localization and
extinguishing of fires, taking into account the data
obtained earlier. It seems possible and necessary to
create simulators that use all the achievements of
modern science and technology in the field of
computer vision and graphics.

There are many commercial fire
detection sensor systems, but all of them are
difficult to apply in large open areas such as forests
due to their latency, maintenance, high cost, and
other problems.

The performance of fire detection is
critically dependent on the performance of the
flame pixel classifier, which generates the crop
areas on which the rest of the system operates.
Thus, the flame pixel classifier should have a very
high detection rate and preferably a low false alarm
rate.

Fire detection methods based on
computer vision are the most common and
promising. Fire monitoring represents the first level
in the system of early monitoring and fire detection.
This level is necessary for detecting and localizing
a fire in images obtained by vision devices [9-12,
26, 27].

In [12, 16, 19, 30], a combination of
various flame characteristics (color, shape and
movement of the flame) obtained from video
footage obtained by CCTV cameras was presented
to reduce the number of false alarms caused by fire.

Color-based detection methods are the
simplest and most used methods to solve these
problems. They consist in determining the range of
pixel values after they have been converted to a
specific color space. The YUV color model has also
been used for real-time fire detection based on the
temporal variation of fire intensity due to the
efficient separation of luminance from chrominance
compared to the RGB color space [27]. The YCbCr
color space was used to create a general
chromaticity model for flame pixel classification
[38].

However, the performance of color fire
detection methods has been limited by the difficulty
of characterizing the smoke, which in most cases
strays into clouds. This problem was solved by
analyzing the spectral, temporal, and spatial
characteristics of both flame and smoke [18, 20]. In
the same direction, a method based on a
combination of both color and the movement of fire
or smoke increased the reliability of fire detection
both indoors and outdoors [25].

The study [19] proposed to combine
thermal IR imaging and frequency modulated
continuous wave (FMCW) radar. The combination
of IR and FMCW radar sensors has been developed
and demonstrated to improve object identification
and location accuracy while maintaining real-time
processing. The proposed method complements the
shortcomings of the sensor and improves the
identification and location of the object. The
experimental results demonstrated the same
accuracy in clear and poor smoke visibility
conditions in a fire.

A significant contribution to the
development of methods for detecting forest fires
was made by scientists T. Celik (Turkey), B. U.
Toreyin (Turkey), D. Stipanicev (Croatia), A. A.
Lukyanitsa (Russia) and others.

Computer vision based systems [24, 28,
34, 36] typically extract three different fire data and
use it for fire detection: color, motion, and
geometry. The flame is the visible part of the fire.
In the case of organic materials such as trees and
shrubs, fire has the well-known red-yellow color.
Many natural objects have similar colors to fire and
can often be misidentified as flames. For this
reason, it is very important to distinguish between
such false alarms and real fires.

2973



Journal of Theoretical and Applied Information Technology ~

15% May 2022. Vol.100. No 9

I

© 2022 Little Lion Scientific

SMminl

ISSN: 1992-8645

Www.jatit.org

E-ISSN: 1817-3195

A forest fire is a complex object, which
includes the following main elements: forest fire
contour, forest fire front, forest fire rear, and fire
flanks (Figure 1.1) [9].
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Figure 1: A forest fire: main elements

Visual monitoring is organized, in
particular, with the help of an observation tower,
for example, Wildland, Delacom Detection Systems
LLC (USA), FireHawk, ALASIA MARKETING
(South Africa), FireWatch, IQ Wireless (Germany).
The hardware of the Wildland and FireHawk
systems is based on controlled IP cameras and high-
resolution cameras in the visible spectrum [20, 6,
21, 22]. The FireWatch system operates in the
infrared and visible range [21].

An automated search for fires in television
monitoring systems can be implemented based on
the use of algorithms for dynamic interframe cross-
validation and multimodal wavelet decomposition
for smoke detection in dynamics [8, 23, 24, 25].
Currently, a lot of research is being carried out on
the development of fire detection algorithms for the
color components of the image. The detected fires
are in the 25th spectral range, which make it
possible to detect smoke, and in rare cases, the fire
flame itself [26, 27]. Modern optoelectronic
systems for television monitoring of forest fire
detection are built on the basis of digital or network
IP cameras.

The technology for obtaining information
in lidar (light detection and ranging) optoelectronic
systems is based on the use of active optical
detection methods [16, 17]. It uses laser sensing of
the atmosphere to spectrally analyze the scattering
of radiation by particles of organic origin, which are
present in the ascending streams of hot air and
smoke from a forest fire.

Optoelectronic systems of the near and far
infrared radiation range, for example, Tau 640,
FLIR, (USA) [10]; Raven-384, Xenics (USA) [27];
Tamarisk 640, DRS Technologies (USA) [7]; C200,
Nippon Avionics Co., Ltd. (Japan) [11]; Lynx-1.7-
102 4TE1, Xenics (USA) [14].

Multispectral optical-electronic  systems
are most widely used in monitoring and detection
systems for forest fires. The principle of
constructing such systems is the joint operation of
several previously considered systems. For
example, there are OTUS-L170 and OTUS-L205
[28]. A number of such systems based on a gyro-
stabilized platform are produced by Pergam-Suisse
AG [29] and FLIR [10].

Detection of forest fires with satellite
observation consists in using information received
from an artificial satellite of the Earth, which
performs constant monitoring of the earth's surface.

One of the widely used and effective
methods for detecting and fighting forest fires is
aviation patrolling of forests, which, subject to
flight regulations, is capable of detecting forest fires
in an area that makes it possible to eliminate this
fire in the minimum areas [30-35]. In the conditions
of the current level of development of aviation
technologies, a promising direction in the
development of monitoring systems has been the
use of UAVs as a means of monitoring the OES.
The Republic of Kazakhstan uses both imported
UAYV models and models of its own production, for
example, TENGRI PRO 2.0 and TENGRI PRO 2.5.
Characteristics of Kazakhstani models are presented
on the website https://qazdron.kz/.

Recently, neural networks have been
widely used to simulate forest fire detection. These
models are used for real-time fire detection and
localization [42-45]. Due to the geographical
location of Kazakhstan and the weather conditions
inherent in this climatic zone, early detection of
forest fires in real time is an urgent task. It is
necessary to develop models and software for
image processing taking into account local
conditions and characteristics, as well as take into
account the availability and availability of
equipment that will be used to solve problems.

The effectiveness of forest fire detection
systems as statistically rare events is evaluated
based on the probability of correct detection and the
probability of false alarm. Many of the existing
image processing methods developed to solve the
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problem of forest fire detection are quite successful
in solving the problem. However, insufficient
attention is paid to the development of methods and
algorithms for image preprocessing in order to
reduce the number of false positives of the system
under the influence of interfering factors. Therefore,
the problem of developing image preprocessing
algorithms in forest fire detection systems that

provide an acceptable level of false alarm
probability is relevant.

2. IMAGE RECOGNITION
TECHNOLOGIES, MODELS AND
ALGORITHMS FOR EMERGENCY
DETECTION

A whole cycle of procedures must go
through to bring image into a form convenient for
obtaining and subsequent analysis of visual
information from the moment the image is received
from a satellite or UAV to the possibility of

analyzing it.
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Figure 2: Digital Image Conversion and Analysis
Procedure

It is known, that the image is a two-
dimensional function f(x, y), where x and y are
spatial coordinates, and the amplitude at any point
with a pair of coordinates (X, y) is the intensity or
brightness of the image at that point [6, 21, 22, 36,
37]. If the variables x, y and f take the values of
their finite (discrete) set, then one speaks of a
digital image.

Image conversion involves a number of
operations. It may also include changing the pixel
size to facilitate analysis.

The purpose of the conversion may be to
increase contrast, reduce noise, correct defects
caused by the optics of the image or the image
digitizing device.

The selection of objects consists in
identifying various features and determining the
boundaries between them. The success of object
extraction depends on previous sample preparation,
image acquisition and transformation.

In the process of characterization after
segmentation stage identified objects are taken and
measurements are made on each of them [30, 34].
These measurements depend on the purpose of the
work. For example, length, area, etc. can be
measured.

If several objects of different types are
highlighted in the image, they are divided into
corresponding classes. The characteristics of all
objects selected in the previous step should provide
the required information about them. The
classification operation can be used even if the
image contains only one object type of interest. For
example, to remove artifacts that appeared during
sample preparation or image processing.

Finally, stereological methods are used to
obtain statistically objective data [9, 30]. Note that
the changed characteristics are affected by both the
method of information conversion and the method
of obtaining an image.

The purpose of the image pre-processing
step is to improve the visual quality for subsequent
segmentation and classification [38-48]. The stage
of preliminary preparation of the image can be
singled out as especially responsible. The quality of
object selection and the result of further recognition
(classification) will depend on the results of this
stage.
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Because of the image, along with useful
information, can contain noise and high-frequency
interference, the system under development
requires the implementation of filters to smooth the
image in order to successfully cope with this
problem [38, 39, 40]. Linear image filtering is one
of the most commonly used image processing
procedures [41, 42].

Let a function of two variables f(n,,n.}
is given on a uniform grid {1, = 1=+ 11, where
0={0+1+2. - -}, which is a distorted image of
some object. The task of digital processing is to act
on the function fl(n;,n,) with a digital filter
@f(n,.n.) =gln,.n), performing the given

transformation by function
gilfim+ianal, £,,8; € [0.2n]
ellfim+iana o K{ELJ ,;T_] gl i’!|+$':r!:|” (1)

where K(£,.£.] is filter frequency response.

Digital filter (1) is a convolution type
transformation

@f(ny,n,) =

= Z i k(L L) f(ny +1,m, +1.),

=== lp=—== 2)

whose kernel k(1,.i.) (filter impulse response) has
the following relation to the frequency response

K{fl,f:]:

Ky 8) = Tho - IEo k(i l)e™meine), g

1
k(,.0,) =—x
(sl = —

}(J‘ J‘K{'fls'f:]ﬁ_'."r"-'+‘P:'-:'ﬂ"flﬂ'f:-
oo “)

Thus, image processing consists of two
parts: in finding the kernel of a digital filter that
meets a given frequency response and its
subsequent image processing with a calculated
kernel.

Let’s consider the original UAV image of
a forest fire (Figure 3).

Figure 3: Original UAV image of a forest fire
We can see the work of bilateral filter with

following parameters: color sigma 35, space sigma
10, and kernel size 35 (Figure 4).

Crnaxunearie | BunatepansHeiit dunetp: Moxap 2

Curma useta
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Curma npoctsa |10
Paamep Agpa 35

color sigma 35,
space sigma 10,
kernel size 35

Crnasueanne | DunbTp pasmemua: MNoxap 2

WwpuHa (10 - J

Width 10
Height 3

Beicota (3

The results of smoothing with blur filter
(parameters: width 10, height 3) are presented on
Figure 5 and with Gaussian blur filter on Figure 6.
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Figure 6: Smoothing. Gaussian blur filter

The result of smoothing with Median filter
is shown on Figure 7.

Crna:xneanue | Meguannelil dunetp: Moxap 2
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Kernel size 15

TprMEHNTE

Figure 7: Smoothing. Median filter

All considered filters are implemented in a
software application for de-detailing and noise
reduction. The work of algorithms for using box
filters is also considered and implemented.

The simplest example of a box filter is the
convolution of the original image with a window:

1 1 1
1 1 1

k(l,.1,) ==
o0 11

)

The result of smoothing with a box filter
using averaging differs from the defocused image.
A point of light viewed from a defocused lens looks
like a circle of light, and averaging gives a square.

Figure 8: The example of image smoothing with a box
filter 5x5

It is possible to use different kernel, for
example (6).

1
1

1
k() =5
1

= a

1
|
1 (6)

The result is on the Figure 9.

Figure 9: The example of image smoothing with a box
filter with kernel (6)

Let's move on to the consideration of
methods and models for detecting a forest fire by
external signs.

Detection of any objects refers to the field
of computer vision and digital image processing
with the aim of finding certain types of objects in a
digital image or video, in this case fire and smoke.
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There is a set of specific features to detect a fire,
which can be used to classify an object: the smell of
burning, foggy smoke, restlessness of birds and
animals, their migration in one direction even at
night, glow reflections on low clouds. In the study,
we are talking about an image that needs to detect a
forest fire, where these features do not fit.

There are several ways to process and
analyze images for detecting and locating a fire in
the area [30, 34]. These methods can be divided
into three groups: histogram, methods based on
dynamic features, and combined. Most of them are
based on such a characteristic sign of fire and
smoke as color. And the main detection procedure
is segmentation. The image is divided into areas
with a certain uniformity criterion, for example, the
selection of areas in the image of approximately the
same color and brightness.

It is necessary to know the color range of
the object under study (fire and smoke) to detect a
fire correctly. The color changes relatively little
within a particular area and changes strongly when
moving from one area to another. An open fire
flame usually has a characteristic color and differs
significantly in flickering intensity from the
background light. Fire pixels have a characteristic
color: bright orange and yellow and smoke pixels —
white, gray and black (Figure 10).

Figure 10: Characteristic colors of fire and smoke

The vast majority of authors in their work,
as the first stage of image processing, use the
search for image areas with a characteristic color
corresponding to the color gamut of fire. The color
gamut of fire is set experimentally as a set of
possible color states of fire pixels. First, pixels in
the image with a characteristic color are searched
and potential fire areas are formed. A binary mask
of the image is compiled, in which the areas of
units correspond to areas of the image with a
characteristic color of fire. After that, the dynamics
of the selected areas is analyzed.

We used the color histogram method, the
most popular of the methods that use color
characteristics for image segmentation and indexing
[30]. The idea of the method is considered in detail
in [30].

It is possible to simplify the segmentation
and fire detection algorithms by switching from
processing and analyzing a color image to a black-
and-white one (Figure 11).

Figure 11: A black-and-white image

In the work, segmentation is carried out
using thresholding. The brightness value of each
image pixel is compared with the specified
threshold value [30, 32]. The image histogram is
conditionally divided into two parts using a
threshold. Each pixel is marked as related to an
object (fire, smoke) or background, depending on
whether the brightness of this pixel exceeds the
threshold value or not.

Quantity on
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gt teg 3
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Figure 12: Segmentation

Object detection methods are typically
based on either machine learning or deep learning.
In this study, the Viola-Jones algorithm was used.
The general algorithm for training a network is
explained in our work [2].
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Let us consider in detail knowledge base
rules formation and the visualization of fuzzy
inference. Visualization of fuzzy inference was
carried out using the Rule Viewer GUI module of

the MatLab software. This made it possible to ] ‘_,.-*‘iiiii‘
illustrate the course of logical inference for each . x '\\\t{&“\\\:}::\
rule, obtaining the resulting fuzzy set, and 2 g ‘}“\::::‘\“\
developing the defuzzification procedure. EOE S
R’ e
B

Each knowledge base rule is represented as
a sequence of horizontally arranged rectangles. In
this case, the first two rectangles (Figure 13)

display the membership functions of the terms of KOOt g YO By 2O o
the rule sending (IF-part of the rule), and the last Xes s Vol g5 =

third rectangle corresponds to the membership
function of the term-consequence of the output
variable (THAN-part of the rule).

An empty rectangle in the visualization of
the second rule means that there is no sending to
the smoke variable in this rule (smoke is none). The
yellow shading of the graphs of the membership
functions of the input variables indicates how much
the values of the inputs correspond to the terms of
this rule.
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Figure 13: Visualization inference for a system
using the Rule Viewer

The blue fill in the graph of the
membership function of the output variable
represents the result of a logical inference in the
form of a fuzzy set according to this rule.
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Figure 15: Surface formats “inputs — output”: Quiver,
Contour, Mesh and Pseudo color

The resulting fuzzy set corresponding to
the logical conclusion according to all the rules is
shown in the lower rectangle of the last column of
the graphics window. In the same rectangle, the red
vertical line corresponds to the clear value of the
inference resulting from the defuzzification. As a
result, for a given block of rules a fuzzy system was

modeled.

The training set was loaded in the Neuro-
Fuzzy Designer editor (Figure 16).
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H| © 4 o0 oo oo @ o il
. @O 00 000 [e)
‘.. 2 O o o o0
@, o a@o o o
0 ~ Structure
0 20 40 60 80 100 Clear Plot
data set index
Generate FIS Train FIS [ TestFis
‘Optim. Method:
() Training () Load tfrom fie hybrid v || Plot against
@ Testing () file () Load from worksp. Error Tolerance, (®) Training data
0
() Checking (@) worksp. QgL o () Testing data.
o ) Sub. clustering 3 () Checking data
{L683DaE"Y  Cearpata | Generatz FIS. | Train how | Testhow |
| test data loaded | ‘ s i ‘

Figure 16: Neuro-Fuzzy Designer editor window where
blue dot (.) — testing sample; blue circle (o) — training set

Experimental data and simulation results
are displayed as a set of points in two-dimensional
space. The abscissa shows the serial number of the
data line in the sample (training, testing or control),
and the ordinate shows the value of the output
variable for this sample line.

= . . I
4] Neuro-Fuzzy Designer: Untitled = 1=l
| File Edit View
0o Testing data: . FIS output : * [ ANFIS Info.
8 #of inputs: 2
#of outputs: 1
- * % * - * * #of input mfs:
2 6 % ® * 33
Gl *
Y * * *
2 * % " . *
o " o ] Structure
0 5 10 15 20 e
Index
Load aata Generate Fis. Tran Fis. [ Testfls
Type From Optim. Method:
o () Load from file hybrid v || Piot against
fle Load from worksp. Error Tolerance: Training data
(®) Testing o o)
o O
) Ghackng (8 workep (®) Gri parttion S (®) Testng data
3 () Sub. clustering 300 () Checking data
Load Data... | ClearData | GenerateFIS.. | Train Now | || £ Testiw
‘ Average testing error: 3.7896 | ‘ Help — ‘

Figure 17: Testing window where blue plus (+) — control

sample; red asterisk (*) — simulation results
After testing a synthesized neuro-fuzzy

network it is possible to see the
synthesized network (Figure 18).

structure of the
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[4] Anfis Model Structure - O
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Figure 18: A fragment of the synthesized network
structure

The clusters’ centers of multidimensional
data were found using the fuzzy c-means algorithm
and the subtractive clustering algorithm using the
Findcluster GUI module.

E :
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Figure 19: Example of clustering with 10 clusters and
100 iterations where a red circle (o) - image, a black dot
() - a center of cluster

3. PROGRAM IMPLEMENTATION

The first level of application architecture is
the collection and formation of the corresponding
database tables.

Images from satellite or UAV are sent for
analysis. Weather conditions play important role in
the process. We can receive monitoring data from
Kazhydromet meteorological organization (Figure
20).

Satellite / UAV

e

. Emergency situations _J_

Input data from directory

of possible emergencies

—.——-‘--_-—

Tmages

—-—_—-_---—__

‘Weather Mounitoring Data
_-_—-_‘—-—5_
~

Tep1

Figure 20: The first level of application architecture

The database of heterogeneous data is
included in the information level of the knowledge
base.

The second level of the application
architecture is the formation of a knowledge base,
including:

v the executive system, which in
this case has a problem orientation and ensures the
implementation of the generated program;

v intelligent  interface with a
flexible structure;
v an information base that ensures

the use of computing facilities of the first two
complexes of an integral and independent of
processing programs knowledge system about the
problem environment, which is the knowledge base
itself.

The third level of the application
architecture includes the visualization of results
using a software package - an application
developed in the C# environment.

Main specifications:
Microsoft Windows 10 any version,
CPU: not less INTEL CORE 15-3330.
Video adapter: GEFORCE GTX660 (2GB) /
RADEON HD 7850 2GB, DIRECTX 9.0C
.NET FRAMEWORK 4.5.1
RAM: not less 4 GB.
Free hard disk space: not less 1 GB.

AN

AN
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The characteristic of reference and input
information is represented by input and output
documents.

The input documents of the system are:
v' Directory on emergency situations;
v Directory of possible objects;
v' Directory of images.

The directory of possible objects is filled
in as needed. Here is an approximate list of possible
emergencies that fall into this category in
Kazakhstan. Technogenic (artificial) nature: fire,
explosion at the facility, etc. Natural character:
flood, fire, landslide.

Output documents are the results of image
analysis in the form of a percentage of clusters
corresponding to a certain emergency situation. It is
possible to work with streaming video in real time.
But there were difficulties with obtaining the source
material, so only work with images was debugged.

When starting the software, the main
window appears.

Manager Objects on
the image
.m..[ <« S
[ Menewxep [ Obpabora uzobpakena 3 Obueersi a usobpaenitn
Image
processing
““| Emergency
situation
detection

Space for
image

mAN

Figure 21: The main window of the application

When select the "Manager" tab, the
"Image Manager" window opens, where we can see
the available satellite or UAV images of various
parts of the Earth. Each image has characteristics:
region, result (in use/ not use yet), comments and
date.

Mesepiep cHimros - o0 X

Kowverrapu Dara

 fobasims crumok | |= Negpotiee |7 Hawerums 13 Mowsrars |5 Yaamms | & Avanis

Hassarve Pervon Pesynerar

19012018 20:35.06

2] Cranmox 1

Anwarwoxas ofinacTe Her panrenx Her matreix

Axniobwscoxan ofinacTe Weenepoea Her patreix 13012018 20:5458

Bocrowo-Kasaxcraticean 02022018 133448

Her panreix Her marreix

Figure 22: Window "Image Manager"”

When one of the images is selected, the
tabs for working with the image become available:
"Details", "Edit", "Link", "Delete", and «Analysis".
It is possible to search the database by criteria.

After clicking on the “Details” tab in
Figure 23, we can see all the information about the
image in detail: region, date and time of the image,
comments, etc.

Wisopusym of ofpsie eoap 1

e

Pervn

Kt

Figure 23: The information about the image in detail

Let’s consider the operation of the
program on the example the original UAV image of
a forest fire processing (Figure 3).

The algorithm, which is implemented in
the software product, is shown in the figure 24.

It is possible to realize six main stages of
image processing from pre-processing till saving
results.
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Figure 24: The algorithm

We use the function of lowering the
pyramid to select a fragment of the image of the

alleged fire (Figure 25).

Fragment
with fire

Pyramid
function

\

Pasuep 600338

Mpcrpencao:Bgr | Faybra: Bre

Figure 25: Result of the function of lowering the pyramid

The result of clustering with parameters

> Knacrepusaunsc napaerpana: Koacrepns 7], Monsiro 1], Maxe. wiepaush (10, Sncunon 0001 @15 mc)

Mpocrpancrec: Byr | Trybuna:Byte | Paswep: 1200 675

Figure 26: Result of clustering

Object definition (fire/ not fire) is
demonstrated in the left part of the window. The

result of the analysis is shown in Table 1.

Table 1: The result of object definition

Number of | Quantity on the Result
cluster image, %

1 2 2
Custer 0 21 Not found
Custer 1 4 Fire
Custer 6 4 Not found

The result of clustering the image (original
image before processing is presented on Figure 23)
with smoke is shown on Figure 27.

Moocrpancrec:Bar | Tayuna: Byt | Paswep: 612 52

Figure 27: Result of clustering

The software product implements the
algorithms of the Laplace and Sobel operators and

seven clusters and 10 iterations is demonstrated on

Figure 26.
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the Canny edge detector for a more detailed
analysis of images.

O

> s oo psaus:. Evc)
| Deroxtop Koew o napanepava. Mope 200, Kpassof noper 200 5 we)

Mpoctpancreo: Byr | Tay6uns: Bye | Pesiep: 500x 338

Figure 28: The result of Canny edge detector algorithm

Figure 28 shows the result of the operation
of the "Canny Edge Detector" algorithm, which
confirms the possibility of an emergency "Fire".

The filtering window (Figure 29) is used
to work with the obtained images in the HSV color
space.

Figure 29: The filtering window

It is possible to see the original image in
the left part of the window, on the right - the image
after filtering. This window sets the required value
for each of the three directions: H in the range from
0 to 180, S and V from 0 to 254. It is also possible
to invert colors by selecting the appropriate
checkbox in the right part of the window. The
"Apply" button is used to save the processed image.

|7
KASAKCTAH FECTIYBITMRAGE! | |\
\

CBWOETENBCTBO

| O BHECEHUW CBENEH#H B TOCYAPCTBEHHBIA PEECTP
| IPAB HA OB B EKT, OXPAHAEMLIE ABTOPCKVM PABOM
& 23483 o7 37 deopaa 2031 rosa

ot s orescrso (scra,

et o sopcomro s muarnaa 228 FM

 conmas obsesra: 05022022

Figure 30: A certificate No. 23433, from February 08,
2022

All the considered methods and algorithms are
implemented in the software package in C#
programming language. This information confirms
by a certificate on data registration in the state
register of copyrighted objects of the Republic of
Kazakhstan No. 23433, from February 08, 2022
(Figure 30).

5. ACKNOWLEDGEMENT
CONCLUSION

AND

The algorithms for processing images
obtained as a result of images from a satellite or
UAV, providing a solution to the problems of
"machine" vision to detect emergency situations
were developed.

Different image recognition technologies
for identifying emergency situations were adopted
for local Kazakhstan conditions, taking into account
accessibility and availability of equipment.

Methods and models for detecting an
object by external signs were selected in the
research. In addition to previous studies,
differences between fire smoke and natural smoke
were taken into account, as well as the natural
colors of the forest, characteristic of the forests of
Kazakhstan, which, when processed, can give false
alarms and not be a fire.

As the analysis criteria, the criteria for the
accuracy and scale of determining the fire on the
image were chosen, and the factor of early fire
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detection was taken into account — the appearance
of smoke, as well as the difference between fire
smokes and not associated with fire smoke or fog.

The algorithms for preprocessing images
have been developed and realized in a software
package for image recognition using the C#
programming environment. The purpose of the
work was achieved.

6. FUTURE RESEARCH DIRECTIONS

Currently, research in the field of choosing the
actual UAV trajectory after fire detection is of great
interest and practical significance. This interest is
due to the fact that it is not enough to detect the
source of a fire or detect its presence, it is equally
important to monitor its further development: the
direction of movement, possible attenuation, or a
change in the direction, intensity and nature of the
process. Further research involves setting up and
modeling the behavior of the UAV after a fire is
detected: in which cases the UAV can return to the
base, in which cases it can stay at a certain point,
and in which situations it can move in the right
direction.

REFRENCES:

[1] O. Shvets, A. Zhumakanov, “Simulation of
operation of the Center for Environmental
monitoring and Emergency Situations”, AIS
2013, International Symposium on Applied
Informatics and Related Areas,
Szekesfehervar, Hungary, Nov. 2013.

[2] https://www.gharysh.kz/, Space system center
for remote sensing of the earth of the Republic
of Kazakhstan (accessed 18.01.2022).

[3] O. Shvets, A. Bugubayeva, S. Rakhmetullina,
W. Wojcik, “Development of intelligent
information system of assessing the negative
impact of industrial emissions on the public
health”, Journal of Theoretical and Applied
Information Technology, Vol 99 (15), August

2021, pp- 3737-3752,
http://www.jatit.org/volumes/ninetynine15.ph
p

[4] V. Di Biase, G. Laneve, “Geostationary Sensor
Based Forest Fire Detection and Monitoring:
An Improved Version of the SFIDE
Algorithm”, Remote Sensing, 2018, Vol. 10,
Ne 5.

[5] S. Abdullah, S. Bertalan, S. Masar, A. Coskun,
I. Kale, “A Wireless Sensor Network for Early
Forest Fire Detection and Monitoring as a

Decision Factor in the Context of a Complex
Integrated Emergency Response System”,
IEEE Workshop on Environmental, Energy,
and Structural Monitoring Systems (EESMS),
2017.

[6] M. Saoudi, A. Bounceur, R. Euler, T. Kechadi,
“Data mining Techniques Applied to Wireless
Sensor Network for FEarly Forest Fire
Detection”, Proceedings of the International
Conference on Internet of things and Cloud
Computing /CC '16, 2016.

[7] W. Kriill, R. Tobera, I. Willms, H. Essen, N. von
Wahl, “Early Forest Fire Detection and
Verification using Optical Smoke, Gas and
Microwave Sensors”, International
Symposium on  Safety Science and
Technology, 2012, Vol. 45, pp. 584-594.

[8] G. Sam, B. Radhakrishnan, T. G. Nidhin, L. P.
Suresh, “Extraction of Fire Region from
Forest Fire Images Using Color Rules and
Texture Analysis”, International Conference
on Emerging Technological Trends (/CETT),
2016.

[9] D. Pritam, J. H. Dewan, “Detection of fire using
image processing techniques with LUV color
space”, 2nd International Conference for
Convergence in Technology, 2017, pp. 1158-
1162.

[10] M. Senthil, M. N. Vijayalakshmi, “Efficient
Fire Pixel Segmentation Using Color Models
in Still Images”, International Journal of
Computer Sciences and Engineering, 2018,
Vol. 6, Ne 9, pp. 24-28.

[11] T. Celik, H. Demirel, H. Ozkaramanli, M.
Uyguroglu, “Fire detection using statistical
color model in video sequences”, Journal of

Vision Communication and Image
Representation, 2007, Vol. 18, Ne 2, pp. 176-
185.

[12] A.A. Lukiyanitsa, A.G. Shishkin, Digital
image processing (In Russian), Moscow, I-S-S

Press, 2009, 518 p.

[13] P. Paolo, C. Simone, C. Rita, “Reliable smoke
detection in the domains of image energy and
color”, 15th IEEE International Conference on
Image Processing, 2008, pp. 1376-1379.

[14] R. Yasmin, “Detection of smoke propagation
direction using color video sequences”,
International Journal of Soft Computing,
2009, Vol. 4, Ne 1, P. 45-48.

e ——
2985




Journal of Theoretical and Applied Information Technology ~
15 May 2022, Vol.100. No 9 N

© 2022 Little Lion Scientific

SMminl

ISSN: 1992-8645

Www.jatit.org

E-ISSN: 1817-3195

[15] Y. Cui, H. Dong, E. Zhou, “An early fire
detection method based on smoke texture
analysis and discrimination”, Proceedings
CISP, 2008, Vol. 3, pp. 95-99.

F. Yuan, “A fast accumulative motion
orientation model based on integral image for
video smoke detection”, Pattern Recognition
Letters, 2008, Vol. 29, pp. 925-932.

[17] W. Phillip III, M. Shah, N. da V. Lobo, “Flame
recognition in video”, Pattern Recognition
Letters, 2002, Ne 23, P. 319-327.

[18] C. Lu, Y. Cao, X. Lu, M. Cai, X. Feng,
“Moving Target Detection Algorithm for
Forest Fire Smoke Recognition with Improved
ViBe”, Journal of Physics: Conference Series,
2018, Vol. 1069.

[19] B. U. Toreyin, Y. Degeoglu, A. E. Cetin,
“Contour based smoke detection in video
using wavelets”, 14th European Signal
Processing Conference, 2006, pp. 1-5.

[20] X. Qiu, T. Xi, D. Sun, E. Zhang, C. Li, Y.
Peng, J. Wei, “Fire Detection Algorithm
Combined with Image Processing and Flame
Emission Spectroscopy”, Fire Technology,
2018.

[21] F. Fatkhuroyan, T. Wati, P. Andersen, “Forest
fires detection in Indonesia using satellite
Himawari-8 (case study: Sumatera and
Kalimantan on August-October 2015)”, IOP
Conference Series: Earth and Environmental
Science, 2017, Vol. 54.

[22] M. T. Basu, R. Karthik, J. Mahitha, V. L.
Reddy, “loT based forest fire detection
system”, International Journal of Engineering
and Technology, 2018, Vol. 7, Ne2.7, pp. 124-
126.

[23] X. Wu, X. Lu, H. Leung, “A Video Based Fire
Smoke Detection Using Robust AdaBoost”,
Sensors (Basel), 2018, Vol. 18, Ne 11.

[24] 1. Egoshina, D. Titov, A. Stuchkov, A. V.
Yurchenko, V. I. Syryamkin, “Automatic fire
detection system based on contour analysis
video images”, MATEC Web of Conferences,
2016, Vol. 79.

[25] A. Agarwal, V. Sharma, R. Singh, A. Ghelot,
K. Bahukhandi, “A Design and Application of
Forest Fire Detection and Surveillance System
Based on GSM and RF Modules”,
Proceedings of International Conference on
Intelligent Communication, Control and
Devises, 2017, pp. 451-459.

[16]

[26] S. Anand, R. K. Keetha Manjari, “FPGA
implementation of artificial Neural Network
for forest fire detection in wireless Sensor
Network”, 2nd International Conference on
Computing and Communications
Technologies (ICCCT), 2017.

[27] M. M. Umar, L. C. De Silva, M. S. A. Bakar,
M. I. Petra, “State of the art of smoke and fire
detection using image processing”,
International Journal of Signals and Imaging
Systems Engineering, 2017, Vol. 10, Ne ¥, P.
22-29.

[28] R. Haralick, L. G. Shapiro, “Computer and
Robot Vision”, Addison-Wesley, 1993.

[29] A. Tlachinski, “Cellular automata: a discrete
universe”,  Singapore:  World  Scientific
Publishing, 2001, 808 p.

[30] K. C. Santosh, “Editorial: Current Trends in
Image Processing and Pattern Recognition”,
Journal Frontiers in Robotics and AI, Vol. 8,
2021, https://www.frontiersin.org
/article/10.3389/frobt.2021.785075, DOI
10.3389/frobt.2021.785075, ISSN 2296-9144
09 December 2021

[31] M. J. Harris, A. Lastra, “Real-time cloud
rendering”, Proceedings of the
Europraphics'01, 2001, pp. 76-84.

[32] M. Petrou, P. G. Sevilla, “Image processing:
dealing with texture”, 2006, 618 p.

[33] He Zhihong, Jia Wenjie, Sun Erhua, Sun
Huilong, “3D Video Image Processing Effect
Optimization Method Based on Virtual
Reality Technology”, International Journal of
Circuits, Systems and Signal Processing, Vol.
16, 2022/01/09, pp. 385 — 390, DOI

10.46300/9106.2022.16.47

[34] M.A. Akhloufi, T. Toulouse, L. Rossi, X.
Maldague, “Multimodal three-dimensional
vision for wildland fires detection and
analysis”, IEEE, 7th International Conference
on Image Processing Theory, Tools and
Applications (IPTA). — 2017.

[35] S. Kim, W. Lee, Y. Park, H.-W. Lee, Y.-T.
Lee, “Forest Fire Monitoring System Based on
Aerial Image”, 3rd International Conference
on Information and  Communication
Technologies for Disaster Management, /C7-
DM, 2017.

[36] M. K. Hossen, M. H. Chowdhury, 1. A.
Chowdhury, “Fire Detection from Video
based on Temporal Variation, Temporal

e ——
2986




Journal of Theoretical and Applied Information Technology ~
15 May 2022, Vol.100. No 9 N

© 2022 Little Lion Scientific

SMminl

ISSN: 1992-8645 Www.jatit.org E-ISSN: 1817-3195

Periodicity and Spatial Variance Analysis”, [46] Y. Luo, J. Liu, J. Harkin, L. McDaid, J.

International Journal of Engineering, Science
and Mathematics, 2018, Vol. 7, Ne 2.

[37] M. Cai, X. Lu, X. Wu, Y. Feng, “Intelligent

Martinez-Carral, G. Biot-Marl, “Forest Fire
Detection using Spiking Neural Network”,
Proceedings of CF'18, 2018.

Video Analysis-based Forest Fires Smoke [47] X. Zixi, S. Weiguo, B. Rui, L. Xiaolian, X.

Detection Algorithm”, 12th International
Conference on Nature Computation, Fuzzy
Systems and Knowledge Discovery, 2016, pp.
1504-1508.

Long, “A Spatiotemporal Contextual Models
for Forest Fire Detection Using Himawari-8
Satellite Data”, Remote Sensing, 2018, Vol.
10.

[38] J. Lizundia-Loiola, G. Otén, R. Ramo, E. [48] Qi Zhang, Linlin Ge, Ruiheng Zhang, Graciela

Chuvieco, “A spatio-temporal active-fire
clustering approach for global burned area
mapping at 250 m from MODIS data”,
Remote Sens. Environ., 236:111493, 2020.

[39] L. Tian, J. Wang, H. Zhou, J. Wang,
“Automatic detection of forest fire disturbance
based on dynamic modelling from MODIS

Isabel Metternicht, Chang Liu and Zheyuan
Du, “Towards a Deep-Learning-Based
Framework of Sentinel-2 Imagery for
Automated Active Fire Detection”, Remote
Sens., 2021, N13(23), 4790;
https://doi.org/10.3390/rs13234790, 26 Nov
2021.

time-series ~ observations”,  International  [49] J. San-Miguel-Ayanz, T. Durrant, R. Boca, P.

Journal of Remote Sensing, 2018, Ne 12, pp.
3801-3815.

[40] L. Tian, J. Wang, H. Zhou, J. Wang,
“Automatic detection of forest fire disturbance
based on dynamic modelling from MODIS
time-series observations”, International
Journal of Remote Sensing, 2018, Ne 12, pp.
3801-3815.

[41] N. M. Dung, S. Ro, “Algorithm for Fire
Detection using a Camera Surveillance
System”,  Proceedings of the 2018
International Conference on Image and
Graphics Processing, ICIGP 2018, 2018.

[42] V. Dubey, P. Kumar, N. Chauman, “Forest
Fire Detection System Using IoT and
Artificial Neural Network”, International
Conference on Innovative Computing and
Communications: Proceedings, 2019, Vol. 1,
pp. 323-337.

[43] W. Lei, Z. Zhigiang, “Modeling and
Simulation of Forest Fire Detection and Fire
Spread”, 2nd International Conference on
Advanced Robotics and Mathematics, 2017.

[44] Q.-X. Zhang, G.-H. Lin, Y.-M. Zhang, G. Xu,
J.-J. Wang, “Wildland Forest Fire Smoke
Detection Based on Faster R-CNN using
Synthetic ~ Smoke  Images”,  Procedia
Engineering, 2018, Vol. 211, pp. 441-446.

[45] G. Chounhary, P. Pandey, “A Review on
Different Techniques of Fire Detection for
Emergency = Management”,  International
Journal of Engineering and Technology, 2018,
Vol. 5, Ne 6, pp. 1953-1958.

Maianti, G. Liberta’, T. Artes Vivancos, D.
Jacome Felix Oom, A. Branco, D. De Rigo, D.
Ferrari, H. Pfeiffer, R. Grecchi, D. Nuijten, M.
Onida, P. Loffler, “Forest Fires in Europe,
Middle East and North Africa 20207, EUR
30862 EN, Publications Office of the
European Union, Luxembourg, 2021, ISBN
978-92-76-42350-8, doi:10.2760/059331,
JRC126766.

[50] M. Hartung, G. Carrefio-Rocabado, M. Pefia-

Claros and M.T. van der Sande, “Tropical Dry
Forest Resilience to Fire Depends on Fire
Frequency and Climate”, Front. For. Glob.
Change 4:755104, 2021, doi:
10.3389/ffgc.2021.755104, 29.11.2021.

2987




