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The object of this study is the process of
segmentation of images acquired from space
optoelectronic surveillance systems. The
method to segment images from space opto-
electronic surveillance systems based on the
Sine-Cosine algorithm involves determining
the threshold level; unlike the known ones,
the following is carried out in it:

— preliminary selection of red-green-
blue color space brightness channels in the
original image;

— calculation of the maximum distance
of movement of agents in the image in each
brightness channel;

— calculation of the values that deter-
mine the movement of agents in the image in
each brightness channel;

— determining the position of agents in
the image using trigonometric functions of the
sine and cosine in each brightness channel.

An experimental study into segment-
ing images acquired from space optoelec-
tronic surveillance systems based on the
Sine-Cosine algorithm was carried out.
It was found that the improved method
of image segmentation based on the Sine-
Cosine algorithm makes it possible to seg-
ment the images. In this case, objects of
interest, snow-covered objects of interest,
background objects, and undefined areas of
the image (anomalous areas) are identified.

The quality of image segmentation
was assessed using the Sine-Cosine algo-
rithm-based method. It was found that the
improved segmentation method based on
the Sine-Cosine algorithm reduces the seg-
mentation error of the first kind by an aver-
age of 21 % and the segmentation error of
the first kind by an average of 17 %.

Methods of image segmentation can be
implemented in software and hardware sys-
tems that process images acquired from
space optoelectronic surveillance systems.

Further studies may involve comparing
the quality of segmentation by the method
based on the Sine-Cosine algorithm with
segmentation methods based on evolutio-
nary algorithms (for example, genetic ones)
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1. Introduction space surveillance systems[1]. Owing to the information
received from air and space surveillance systems, it is pos-
sible to adequately and promptly respond to any changes

in the situation [2]. At the same time, one satellite image

The main source of up-to-date information about hetero-
geneous areas of the earth’s surface in real time are air and




contains survey information about the earth’s surface, which
is equal to hundreds of images obtained using air surveillance
systems [3]. This fact testifies to the relevance of processing
information from space surveillance systems.

Processing and decryption of a significant amount of infor-
mation completely eliminates manual processing [4]. There-
fore, the main way to obtain objective and relevant informa-
tion for solving heterogeneous problems is automated and
automatic processing and decryption of images acquired from
space optoelectronic surveillance systems [5]. At the same
time, the main attention is paid to the quality of segmentation
of images of space optoelectronic surveillance systems [6].

Existing methods of segmentation of images of space
optoelectronic surveillance systems have certain disadvan-
tages. They do not meet the requirements for reliability, accu-
racy, and completeness of image segmentation [7]. Therefore,
the development of methods for segmenting images from
space optoelectronic surveillance systems is an urgent task.

2. Literature review and problem statement

Paper [8] investigated the main characteristics and prin-
ciple of operation of the method of global threshold segmen-
tation and the method of adaptive local threshold segmen-
tation. It was found that for images with uneven lighting it is
better to use the method of adaptive local threshold segmen-
tation. The advantage of [8] is the ease of implementation of
the methods. The disadvantage of [8] is the impossibility of
determining the threshold for segmentation on high-contrast
and complexly structured images.

Due to the impossibility of segmentation of complexly
structured and highly contrast images by the method with
the definition of one threshold, in [9], an improved method of
multi-threshold image segmentation is proposed. The advan-
tage of the method in [9] is the ability to segment the image
into more than two segments. The disadvantage of [9] is the
imposed restrictions for input images and obtaining good
segmentation results only for reference images.

Paper [10] suggests a method of image segmentation
based on random walk using interactive marking. The es-
sence of the method in [10] is representing the image in the
form of a fully connected graph and using the approaches of
graph theory. The advantage of [10] is to use the probability
of transition to a graph. The disadvantage of [10] is the con-
struction and solving a system of equations at each node of
the graph to obtain the probability value of such a transition.

Paper [11] proposes an improved method based on sim-
ple linear iterative clustering (SLIC)). The advantage of the
method in [11] is to reduce the number of initial values for per-
forming the threshold estimate and the total time to perform
the image segmentation process. The disadvantage of [11] is
the good segmentation results for simple images only.

Paper [12] proposed to use several masks for the same
input image to improve the accuracy of segmentation. To
obtain one of the best masks, apply a voting rule that takes
into consideration the natural geometry and topological
properties of masks, for these masks. The advantage of [12] is
a better segmentation result compared to a simple arithmetic
voting method. The disadvantage of [12] is the high time and
computational costs.

Paper [13] proposed image segmentation based on the
representation of a minimum spanning tree (MST). The es-
sence of the improved method in [13] is to scan the full struc-

ture of the MST image and remove inconsistent edges among
a set of adjacent ones, the elements of which are obtained
from an MST of a certain length. The advantage of [13] is
the low computational complexity of the method and ease of
operation. The disadvantage of [13] is a good segmentation
result only for simple images.

Methods [8—12] are not suitable for segmentation of high
spatial resolution satellite images due to the complexity of
image data.

Paper [14] suggested a method of spectral-textural seg-
mentation. The advantage is the use of a single metric for
both spectral and textural features in a heterogeneous feature
space. The disadvantage of [14] is the segmentation of only
multispectral images of high spatial resolution.

Paper [15] proposed the use of the method of morpho-
logical segmentation of satellite images based on the graph
approach. The advantage of [15] is taking into consideration
information about surrounding pixels and eliminating the
impact on the results of segmentation of pulsed noise in the
image. The disadvantage of [15] is the dependence of the
segmentation result on the choice of markers.

Paper [16] suggests using deep learning of neural networks
for segmenting satellite images of urban buildings. The advan-
tage of [16] is the high accuracy of segmentation on satellite
images of urban objects. The disadvantage of [16] is the impos-
sibility of selecting objects for another purpose in the image.

The authors of [17] proposed segmentation of satellite
images using the U-HardNet convolutional neural network
with the Hard-Swish activation function. The disadvantage
of [17] is working with transformed THS images (Intensity,
Hue, Saturation) to minimize binary cross-entropy losses.
The advantage of [17] is highlighting without control over
different data sets. The main disadvantages of [17] are the
significant time and material costs of obtaining a training
sample, which is necessary for a decisive rule.

Paper [18] suggested, for segmentation of aerial photo-
graphs, the use of a full-convolutional artificial neural net-
work. The advantage of [18] is the high quality of segmenta-
tion results and ease of use due to the lack of need to manually
provide a feature description of objects of interest. The main
disadvantage of [18] is the high computational costs that will
require the additional involvement of a graphics accelerator.

Paper [19] proposes a dataset for semantic segmentation
of images acquired from unmanned aerial vehicles (UAVs).
With the help of the presented dataset Unmanned Aerial
Vehicles (UAV), deep learning methods make it possible to
select objects of interest even in motion on high-resolution
images of different sizes. The advantage of [19] is the ability
to highlight objects in images that were recorded in different
projections — both from above and from the side. The disad-
vantage of [19] is the need for prior training and the use of
a limited number of classes for marking.

Study [20] suggest a method for segmenting the sequence
of video frames from UAVs by combining the convolutional
network FCN (Fully Convolutional Networks) and long-
term short-term memory of the Conv-LSTM convolutio-
nal (Convolutional-Long Short-Term Memory) network. The
advantage of [20] is the ability to perform segmentation in
real time. The disadvantage of [20] is the qualitative segmen-
tation of only some defined classes of objects of interest.

The authors of [21] propose a method for detecting floods
using images of Red-Green-Blue (RGB) and Hue, Satura-
tion, Intensity (HIS) color models from UAVs. A k-means
segmentation method and a region augmentation method



are proposed to highlight flooded and non-flooded areas in
the image. The advantage of [21] is a good result of image
segmentation. The disadvantage of [21] is the separation of
the image into only two segments.

Paper [22] suggested a method of multi-scale segmen-
tation of images of remote sensing of the Earth. At the first
stage of the method, the method of coherent anisotropic
diffuse filtration and the algorithm of the minimum skeleton
tree are used. At the second stage, the merging of segments
according to the minimum heterogeneity criterion is used.
The disadvantage of [22] is the high computational cost.

Work [23] offered a method of automatic segmentation of
images of remote sensing of the Earth of ultrahigh resolution
based on lines. The essence of the method is applying the
lines with the highest entropy value to obtain boundaries
and initial values. The advantages of [23] are indepen-
dence on the knowledge and skills of the expert, segmenta-
tion of both multispectral, panchromatic images, and aerial
photographs.

Paper [24] suggests an improved method of segmentation
of high-resolution Earth remote sensing images based on
gradient values — segmentation by watershed. The advan-
tage of [24] is the segmentation of images of RGB, Lab color
spaces (the dependence of L brightness on tone a and satura-
tion b) and CIE Luv (dependence of L brightness on color u
and hue v; CIE — Commission International Eclairage). The
disadvantage of [24] is the need for expert intervention when
setting up the parameters of the method.

Study [25] devised an improved method of segmentation
of images from onboard optoelectronic observation systems
using a genetic algorithm. The advantage of [25] is the good
selection of objects of interest, even disguised, in satellite
images. The disadvantage of [25] is the high error values of
the first and second kind when segmenting images obtained
from UAVs.

Paper [26] proposes methods for segmenting images of
remote sensing of the Earth based on the k-means algorithm
and genetic algorithm. It was experimentally established
that segmentation methods based on the k-means algorithm
and based on the genetic algorithm have good segmentation
results only for satellite images. For images acquired from
UAVs, these algorithms cannot be applied directly. The ad-
vantage of the methods [26] is the reduction of segmentation
errors of the first and second kind for space images in com-
parison with known methods. The main disadvantage of the
methods in [26] is their limitations in the processing of all
types of remote sensing data.

Thus, our review of known methods for segmenting ima-
ges from space surveillance systems and from UAVs revealed
certain disadvantages of those methods. The main disadvan-
tages are related to the peculiarities of images acquired from
space optoelectronic surveillance systems. The main feature
of such images is their complex structure.

To further study the segmentation of images from space
optoelectronic surveillance systems, it is advisable to choose
a segmentation method based on the Sine-Cosine algorithm.
The main advantages of the Sine-Cosine algorithm are the
use of simple functions, avoidance of local optima, conver-
gence to global optima [27].

Therefore, the development of a method for segmenting
images from space optoelectronic surveillance systems based
on the Sine-Cosine algorithm can solve the problem asso-
ciated with the limitations of known methods for segmenting
images from space optoelectronic surveillance systems.

3. The aim and objectives of the study

The aim of this study is to improve the method of seg-
mentation of images from space optoelectronic surveillance
systems through the use of the Sine-Cosine algorithm. This
will make it possible to reduce the value of segmentation
errors of the first and second kind.

To accomplish the aim, the following tasks have been set:

—to determine the main stages of the method of seg-
mentation of images from space optoelectronic surveillance
systems based on the Sine-Cosine algorithm;

— to carry out segmentation of the image from the space
optoelectronic observation system by the method based on
the Sine-Cosine algorithm;

— to conduct a comparative assessment of the quality of
image segmentation from the space optoelectronic observa-
tion system by the well-known and developed methods based
on the Sine-Cosine algorithm.

4. The study materials and methods

The object of this study is the process of segmenta-
tion of images acquired from space optoelectronic surveil-
lance systems.

The main hypothesis of the study assumes that the use
of the Sine-Cosine algorithm in improving the method of
segmentation of images acquired from space optoelectronic
surveillance systems will reduce the value of segmentation
errors of the first and second kind.

The following research methods were used during the
study: evolutionary methods, methods of image processing
theory, methods of probability theory and mathematical sta-
tistics, mathematical apparatus of matrix theory, methods of
system analysis, iterative methods, methods of mathematical
modeling. When validating the proposed solutions, analyti-
cal and empirical methods of comparative research were used.

During the study, the following limitations and assump-
tions were adopted:

— an image from the space system of optoelectronic obser-
vation is considered as the initial one;

— the original image is represented in the RGB color space;

— the image shows heterogeneous objects of interest;

— objects of interest are different in spatial structure;

— the size of background objects significantly exceeds the
size of objects of interest;

—we do not take into consideration the impact of rota-
tion, scale change, and noise in the original image.

5. Results of the study on image segmentation
by the method based on the Sine-Cosine algorithm

5. 1. The main stages of the image segmentation me-
thod based on the Sine-Cosine algorithm

Formalization of the problem of segmentation of images
acquired from space optoelectronic surveillance systems
based on the Sine-Cosine algorithm can be written with ex-
pression (1) [25, 26, 28]:

f(xy)— fs(x,y), (1)

where f(x, y) is the original image from the space optoelec-
tronic surveillance system; fs(x, y) — segmented image.



Segmentation of the original image from the space opto-
electronic surveillance system f(x,y) involves the parti-
tioning of f(x,y) into segments B; according to condi-
tion (2) [25, 26, 28]:

[ K

B, =B

i=1

BNB,=@, for i+ j Vi,j=1K; )
LP(B)=1; Vi=1K;

LP(B,NB,)=0, fori#j; Vi,j=1K,

where B: B={Bjy, Bo,.., Bg} — parsing segments in the seg-
mented image fs(x, y); K is the number of partition segments,
LP is the predicate, (i=1, 2, ..., K). The LP predicate is calcu-
lated using expression (3) [25, 26, 28]:
LP(BJZ{L if f(x,9,) == f (20, 40); 3)
0, others,

where m=1, 2,.., M, (X,,ym) € Bj; M is the
number of points of segment B;.

r=c—i——, (4)

max

where ¢ is the constant that determines the maximum dis-
tance (radius of movement) of agents in the image, i is the
number of the current iteration, I,y is the maximum number
of iterations.

4. Determining the values 7y, 73, 74 as follows [27]. The
value of r, is determined randomly from the interval [0, 2x],
which corresponds to the period of trigonometric functions
of the sinus and cosine. The value of 73 is determined ran-
domly from the interval [0, 2]. The value of 7; is determined
randomly from the interval [0, 1] and defines the function of
movement of agents (it will be shown later in the text).

5. Determining the position of agents in the image using
expression (9):
best

N -X'|, if 7,205
- Xi+r151n(1'2)|73X293[—Xi|, if 7,<0.5,

Xi+7'1cos(r2)|rSXi 5

where X!

ey 1S the best position of agents on the i-th iteration.
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where X(x, y) — pixel coordinates in I

the image f(X) from the space opto-
electronic surveillance system;

Determining the position of agents in the image

by expression (5):

— N — the size of the original im-

age f(X) from the space optoelectro- no

nic surveillance system; N is equal to
the number of pixels in the original

image /(X);

i=Imax

yes

— K is the number of segmented
image fs(X);

Determination of the position of the best agent Xeest, calculation
of the threshold level (brightness of the pixel corresponding to Xbpesr)

— the initial values of 7y, r3, 74 (the
values of these quantities will be given
below).

2. Initialization of the initial po-

Segmented image f$(X)

sitions of the agents in the original
image f(X) randomly.

3. Calculation of the value of 7
for each agent in the image f(X) by
expression (4):

— e

Fig. 1. The main stages of the method of segmentation of images acquired from
space optoelectronic surveillance systems based on the Sine-Cosine algorithm
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6. Checking the stopping condition of the Sine-Cosine
algorithm. The condition for termination implies meeting
condition (6):

Z.:Imax- (6)

7. Determining the optimal segmentation threshold —
brightness of a pixel with coordinates X /m

8. Obtaining a segmented image /s(X).

If the original image f(X) is represented in the RGB
color space, then it is first necessary to select the brightness
channels Red, Green, and Blue in the original image. So,
the main stages of the method of segmentation of images
from space optoelectronic surveillance systems based on the
Sine-Cosine algorithm (Fig. 1) must be carried out for each
brightness channel (Red, Green, and Blue). After that, the
brightness channels (Red, Green, and Blue) are combined,
and an augmented image fs(X) is obtained.

Thus, the method of segmentation of images acquired
from space optoelectronic observation systems based on
the Sine-Cosine algorithm involves determining the thresh-
old level; in it, unlike in the known ones, the following is
carried out:

— preliminary selection of brightness channels of RGB
color space in the original image;

— calculation of the maximum distance of movement of
agents in the image in each brightness channel;

— calculation of the values that determine the movement
of agents in the image in each brightness channel;

— determining the position of agents in the image using
trigonometric functions of the sine and cosine in each bright-
ness channel.

5. 2. Segmentation of images by the method based on
the Sine-Cosine algorithm

As a source image, we shall consider a color image (RGB
color space) from the WorldView-2 space optoelectronic ob-
servation system (USA) (Fig. 2) [29]. The objects of interest
in Fig. 2 are the objects of military equipment. Image size in
Fig. 2 is (1868x1348) pixels.

MAXAR

Fig. 2. Original color image (RGB Color Space) from
the WorldView-2 Space Optoelectronic Surveillance
System (USA) [29]

Fig. 3 shows the image segmented with an improved
method based on the Sine-Cosine algorithm. The image in
Fig. 3 is represented after combining the brightness chan-
nels (Red, Green, Blue) of the RGB color space.

on the Sine-Cosine algorithm

The number of segments selected was K=4. This number
of segments is due to the fact that segmentation is carried
out into:

— objects of interest;

— objects of interest under snow cover;

— background objects;

— undefined areas of the image (anomalous areas).

In Fig. 3, the objects of interest are marked with blue,
the objects of interest under a snow cover are marked in red,
background objects are marked with blue, indefinite areas of
the image (anomalous areas) are marked with yellow.

Our analysis of Fig. 3 reveals that the improved method
of segmentation of images acquired from space optoelectronic
surveillance systems based on the Sine-Cosine algorithm
makes it possible to segment images.

5. 3. Evaluation of image segmentation by the method
based on the Sine-Cosine algorithm

We shall calculate the segmentation errors of the I and
IT kinds [26, 28, 30, 31] for the well-known segmentation
method and the improved segmentation method based on
the Sine-Cosine algorithm. These segmentation errors of
the T (o) and IT (By) kinds are calculated using expres-
sions (7), (8), respectively [26, 28, 30, 31]:

_Si(fs5(x)

oy = 5,(/(X))° )
_ _53(f3(x))

p,=1 754 (f(X)) (8)

where S1(fs(X)) is the background plane mistakenly assigned
to the objects of interest in the segmented image fs(X);
So(f(X)) — the background plane of the original image f(X);
S3(fs(X)) is the plane of correctly segmented objects of in-
terest in the segmented image fs(X); S4(f(X)) — the plane
of objects of interest in the original image f(X).

We shall calculate segmentation errors of the first and
second kinds for the well-known segmentation method and
the improved segmentation method based on the Sine-Co-
sine algorithm. As a well-known method of segmentation,
we choose the method of segmentation of images acquired
from space optoelectronic observation systems based on the
particle swarm algorithm [28].

The image segmented by a known method based on the
particle swarm algorithm is shown in Fig. 4 [28].



Fig. 4. The image segmented by a method based on a swarm
of particles [28]

Tables 1, 2 give the result of the calculation of segmen-
tation errors of I (oty) and IT (B2) kinds, respectively.

Table 1

Results of the calculation of segmentation errors
of the first kind (ot4)

The name Image segmentation process number

of the segmenta-
tion method 11213456 7]8]9]10

Segmentation
method based
on the particle
swarm
algorithm

24.9|27.3|24.7|25.4|26.1|25.5(27.1|24.6|25.4| 26.1

An improved
segmentation
method based on [19.3(20.8]20.2|19.1(19.8{20.6{21.1{19.8/19.5(20.1
the Sine-Cosine
algorithm

Table 2

Results of the calculation of segmentation errors
of the second kind (j3,)

The name
of the segmenta-
tion method 1 2 3 4 5 6 7 8 9 10

Image segmentation process number

Segmentation
method based
on the particle
swarm
algorithm

22.9(23.1(22.2|123.6|24.1|22.2|23.6|22.6|22.9|23.2

An improved
segmentation
method based on |18.9(19.2{19.4/18.2|18.3|19.0{19.4|18.2|18.6(18.3
the Sine-Cosine
algorithm

Fig. 5, 6 show the dependence of segmentation errors of
the first kind (o) and the second kind (B), respectively, for
different implementations (from 1 to 10).

In Fig. 5, 6, the green curve corresponds to the segmen-
tation method based on the particle swarm algorithm. The
blue curve corresponds to the improved image segmentation
method based on the Sine-Cosine algorithm.
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Segmentation error
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Image segmentation process number
Fig. 5. Value of segmentation error of the first kind for

a known segmentation method and the improved segmentation
method based on the Sine-Cosine algorithm
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Fig. 6. Value of segmentation error of the second kind for
a known segmentation method and the improved segmentation
method based on the Sine-Cosine algorithm

The analysis of Tables 1, 2, and Fig. 5, 6 revealed that the
improved segmentation method based on the Sine-Cosine
algorithm reduces the segmentation error of the first kind by
an average of 21 % and the segmentation error of the second
kind by an average of 17 %. This is made possible by using the
Sine-Cosine algorithm.

6. Discussion of results of the study on improving
the method of segmentation using
the genetic algorithm

The method of segmentation of images acquired from space
optoelectronic surveillance systems based on the Sine-Cosine
algorithm involves determining the threshold level; in it, un-
like in the known ones, the following is carried out:

— preliminary selection of brightness channels of RGB
color space in the original image;

— in each brightness channel, the calculation of the maxi-
mum distance of movement of agents in the image;

—in each brightness channel, the calculation of values
that determine the movement of agents in the image;

—in each brightness channel, determining the position of
agents in the image using trigonometric functions of the sine
and cosine.



An experimental study into the segmentation of images
from space optoelectronic surveillance systems based on the
Sine-Cosine algorithm was carried out (Fig. 2, 3).

The analysis of Fig. 3 reveals that the improved method
of segmentation of images acquired from space optoelec-
tronic surveillance systems based on Sine-Cosine algorithm
allows for image segmentation. In this case, it highlights the
objects of interest, snow-covered objects of interest, back-
ground objects, and undefined areas of the image (anoma-
lous areas).

The quality of image segmentation was assessed using
the Sine-Cosine algorithm-based method. The analysis of
Tables 1, 2, and Fig. 5, 6 revealed that the improved method of
segmentation based on the Sine-Cosine algorithm reduces the
segmentation error of the first kind by an average of 21 % and
the segmentation error of the first kind by an average of 17 %.

The uniqueness of this study is the use of the Sine-Cosine
algorithm for segmenting complexly structured images ac-
quired from space optoelectronic surveillance systems.

Methods of image segmentation can be implemented in
software and hardware systems of image processing from
space optoelectronic surveillance systems.

The disadvantage of the method is the deterioration of
the quality of segmentation when exposed to heterogeneous
distorting factors on the original image.

Further studies may involve comparing the quality of
segmentation by the method based on the Sine-Cosine algo-
rithm with segmentation methods based on evolutionary
algorithms (for example, genetic ones).

7. Conclusions

1. The method of segmentation of images acquired from
space optoelectronic observation systems based on the Sine-

Cosine algorithm involves determining the threshold level,
in it, unlike in the known ones, the following is carried out:

— preliminary selection of brightness channels of RGB
color space in the original image;

— in each brightness channel, the calculation of the maxi-
mum distance of movement of agents in the image;

—in each brightness channel, the calculation of values
that determine the movement of agents in the image;

— in each brightness channel, determining the position of
agents in the image using trigonometric functions of the sine
and cosine.

2. An experimental study into the segmentation of images
from space optoelectronic surveillance systems based on the
Sine-Cosine algorithm was carried out. objects and undefined
areas of the image (anomalous areas). It was established that
the improved method for segmenting images from space opti-
cal-electronic surveillance systems based on the Sine-Cosine
algorithm allows image segmentation. In this case, the objects
of interest, objects of interest under snow cover, background
objects, and undefined areas of the image (abnormal areas)
are highlighted.

3. The quality of image segmentation was assessed using
the Sine-Cosine algorithm-based method. It was found that
the improved segmentation method based on the Sine-Co-
sine algorithm reduces the segmentation error of the first
kind by an average of 21 % and the segmentation error of the
second kind by an average of 17 %.
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