
Advanced Information Systems. 2019. Vol. 3, No. 2  ISSN 2522-9052 

 40 

UDC 621.373.54  doi: 10.20998/2522-9052.2019.2.07 
 

I. Khizhnyak 
 

Ivan Kozhedub Kharkiv National Air Force University, Kharkiv, Ukraine 
 

APPLIED INFORMATION TECHNOLOGY OF THEMATIC SEGMENTATION 
OF OPTICAL-ELECTRONIC IMAGES FROM ON-BOARD SYSTEMS 

OF REMOTE SENSING OF THE EARTH 
 

Abstract.  The subject matter of the article is applied information technology of thematic segmentation of optical-
electronic images from on-board systems of remote sensing of the Earth. The goal is to develop an applied information 
technology for thematic segmentation of optical-electronic images from on-board Earth remote sensing systems using the 
system modeling methodology IDEF0. The tasks are: analysis of features of optical-electronic images, formulation of re-
quirements for methods, techniques and information technologies of thematic segmentation of optical-electronic images 
from on-board systems of remote sensing of the Earth, development of applied information technology for thematic seg-
mentation of optical-electronic images from on-board systems of remote sensing of the Earth. The methods used are: 
methods of probability theory, mathematical statistics, methods of optimization, mathematical modeling and digital image 
processing, analytical and empirical methods of comparative research. The following results were obtained. In accordance 
with the syntax and semantics of IDEF0, the applied information technology of thematic segmentation of optical-electronic 
images from on-board systems of remote sensing of the Earth can be presented in the form of: a tuple, an upper child dia-
gram, and child diagrams. A block diagram of the algorithm that implements the methods of applied information technol-
ogy of thematic segmentation of optical-electronic images from on-board systems of remote sensing of the Earth is given. 
A block diagram of the algorithm that implements the methods of applied information technology of thematic segmentation 
of optical-electronic images from on-board systems of remote sensing of the Earth is given. Conclusions. The scientific 
novelty of the results is as follows: an applied information technology has been developed for thematic segmentation of op-
tical-electronic images from on-board systems of remote sensing of the Earth, which, unlike the known ones, use the sys-
tem modeling methodology IDEF0, which is based on the SADT structural analysis and design method. 
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Introduction 
Formulation of the problem. It is known that the 

result of deciphering optical-electronic images from on-
board remote sensing systems of the Earth depends on 
the quality of methods for thematic segmentation of 
optical-electronic images [1-3]. This posed for develop-
ers of image processing systems the task of developing 
methods, techniques and information technologies for 
thematic segmentation of optical-electronic images from 
on-board remote sensing systems of the Earth. 

The following requirements are put forward to the 
methods, techniques and information technologies of 
thematic segmentation of optical-electronic images from 
on-board remote sensing systems of the Earth [1-3]: 

– high speed when processing large data arrays; 
– the possibility of sharing spectral and textural 

features. 
It is known that at present there is no general the-

ory of optimal representation and image processing. The 
choice of a specific image processing technology de-
pends on the tasks that are being solved and the re-
quirements imposed on the result of the processing. 

Analysis of recent research and publicatins.  
It is known that a characteristic feature of thematic 

segmentation of optical-electronic images from on-
board systems of remote sensing of the Earth is the 
search for rational solutions in the multidimensional 
space of alternatives. Under such conditions, the use of 
classical methods for finding the extremum of an objec-
tive function becomes ineffective. Currently, global 
extremum search methods are being developed that pro-
vide convergence to the exact solution of the optimiza-

tion problem and provide the optimal (minimum or 
maximum) value of the fitness function [4]. 

Metaheuristic methods have the following proper-
ties [4, 5]: managing the process of finding the optimal 
solution; effective study of the search space to find the 
optimal solution; use of simple local search procedures 
and complex learning processes; approximate methods 
and, as a rule, non-deterministic; take into account the 
possibility of falling into a trap in a limited search space; 
are universal (they solve various applied problems); use a 
priori information to find the optimal solution. 

There are four main groups of metaheuristic opti-
mization methods: evolutionary methods; swarm meth-
ods; methods that mimic physical processes; multi-start 
methods [6, 7].  

To evolutionary methods include: genetic meth-
ods; imitation methods immune systems of organisms; 
scattering methods; evolutionary transformation strategy 
correlation matrices; dynamic network method; methods 
of differential evolution and others [6].  

The swarm methods include: the method of behav-
ior of particles in a flock; ant method, artificial bee col-
ony method; method, imitating the behavior of schools 
of fish and others [8, 9]. 

The goal of the article is to develop an applied in-
formation technology for the thematic segmentation of 
optical-electronic images from on-board systems of re-
mote sensing of the Earth. 

Main results 
The information technology of thematic segmenta-

tion of optoelectronic images from on-board remote 
sensing systems of the Earth will be considered as a set 
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of functions that are definitely connected with each 
other. And implement the techniques, ways and meth-
ods that provide for the receipt, storage, processing, 
transmission and use of optical-electronic images. 

For visualization and further formal presentation 
of the structure and composition of information tech-
nology for thematic segmentation of optical-electronic 
images (information technology for the thematic seg-
mentation of optical-electronic images (ITTSOEI)), we 
will use the system modeling methodology IDEF0 
(ICAM (Integrated Computer Aided Manufacturing) 
Definition) [10]. 

In general, the IDEF0 methodology is used to cre-
ate a functional model that displays the structure and 
functions of the system, as well as the flows of informa-
tion and material objects linking these functions. IDEF0 
methodology is based on SADT (Structured Analysis & 
Design Technique) structural analysis and design me-
thod. The IDEF0 methodology is based on a standard-
ized graphical language for describing (modeling) sys-
tems [10]. In accordance with the syntax and semantics 
of IDEF0, it is formally possible to present the ITTSOEI 
technology in the form [11] (tuple ITTSOEI – expres-

sion (1); set  ITTSOEI
lD  – expression (2); set  l

jL  – 

expression (3)): 

  ,ITTSOEI ITTSOEI ITTSOEI
lT In D , (1) 

     ,ITTSOEI l l
l i jD F L , (2) 

           , , , ,l l l l l l
j j s m n rL V C I O M , (3) 

where ITTSOEIIn  – formulation of the goal. 
In this case, it is the development of a system of 

related functions that implement the techniques, meth-
ods and methods of collecting, storing, processing, 
transmitting and using knowledge (data) of thematic 
segmentation of optical-electronic images from on-
board Earth remote sensing systems as information 
technology; 

 ITTSOEI
lD  – a set of levels of detail in the 

ITTSOEI information technology presentation; 
l=0,…,3, where when l = 0, a top level context di-

agram (model) is formed, when l = 1 – the upper child 
diagram, when l = 2, l = 3 – child diagrams; 

 liF  – a set of functions that implement the tech-

niques, methods and methods of working with knowl-

edge (data) at  ITTSOEI
lD the level of detail of the pres-

entation of information technology ITTSOEI.  
As functions with l = 0, we consider the general-

ized "activity" (function-activity) with ITTSOEI. When 
l = 1, the main "processes" (functions-processes) of 
working with knowledge (data) in ITTSOEI imple-
mented in ITTSOEI are considered as functions. 

As functions with l = 2, we consider “subproc-
esses” (functions-subprocesses) of working with knowl-

edge (data) within the framework of the corresponding 
“process” at the stages of development and operation of 
the subsystem of thematic segmentation of an optical-
electronic image. 

As functions with l = 3, we consider "operations" 
(functions-operations) of working with knowledge (da-
ta) during the development and operation of the the-
matic segmentation subsystem as part of the corre-
sponding "process" at the stages of the development and 
operation of the thematic segmentation subsystem of the 
optical-electronic image from the on-board remote sens-
ing systems of the Earth: 

 l
jL  – a set of internal and boundary interactions 

of system elements; 

   l l
j jV L  – a set of internal interactions be-

tween functions from a set  liF ; 

   l l
j jС L  – a set of control limit interactions of 

software and hardware implementing ITTSOEI infor-
mation technology; 

   l l
j jI L  – a set of input control limit interac-

tions that reflect data (information, knowledge), which 
turn into a function; 

   l l
j jO L  – a set of output control limit inter-

actions that reflect the data (knowledge) about the ob-
jects produced by the function; 

   l l
j jM L  – a set of limit interactions that re-

flect the mathematical apparatus used to formalize 
knowledge on thematic segmentation of optical-
electronic images. 

In Fig. 1 shows a formal view of the ITTSOEI 
technology in accordance with the expression (4): 

     0 0 0 0 0 0
0 1 1 1 1 2 1, , , , ,ITTSOEID F C I O O M . (4) 

In Fig. 2 shows the upper child diagram describing 
the functions-processes of information technology 
ITTSOEI in accordance with the expression (5): 

     1 0 0 0 0 0 1
1 1 1 1 2 1, , , , , ,ITTSOEI

i tD F C I O O M V ,   (5) 

where t=1,2,…7. 

As functions from the set  1
iF of the upper child 

level diagram 1
ITTSOEID , created when decomposing a 

level diagram 0
ITTSOEID , the functions processes that 

implement the techniques, ways and methods are con-
sidered: 

– collection of knowledge (data) of the results of 
thematic segmentation of optical-electronic images 

 1 1
1 iF F ; 

– storage of knowledge (data) of the results of 
thematic segmentation of optical-electronic images 

 1 1
2 iF F ; 
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Fig. 1. Formal view of ITTSOEI information technology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
– processing of knowledge (data) of the results of 

thematic segmentation of optical-electronic images 

 1 1
3 iF F ; 

– transfer of knowledge (data) of the results of 
thematic segmentation of optical-electronic images 

 1 1
4 iF F ; 

– use of knowledge (data) of the results of the-
matic segmentation of optical-electronic images 

 1 1
5 iF F . 

Let us briefly review the main functions of the 
ITTSOEI information technology processes. 

The function-process of collecting knowledge 
(data) of thematic segmentation of optical-electronic 

images from on-board systems of remote sensing of the 

Earth  1 1
1 iF F  is implemented by performing the 

following functions-subprocesses: 
– function-subprocess 2 1

11 1F F  of collecting 
knowledge (data) of thematic segmentation results, 
which is implemented in the development of software 
and hardware complex of thematic segmentation of op-
tical-electronic images from on-board remote sensing 
systems of the Earth; 

– function-subprocess 2 1
12 1F F  of collecting 

knowledge (data) of the results of thematic segmenta-
tion of the optical-electronic image, which is imple-
mented during the operation of the software and hard-
ware complex of thematic segmentation of optical-
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Fig. 2. Upper child diagram that describes the functions-processes of information technology ITTSOEI 
 

 

Collection of  
knowledge (data) of 

the results of the-
matic segmentation 
of optical-electronic 

images 
F1

1 
A1 

 

Storage of  
knowledge (data) of 

the results of the-
matic segmentation 
of optical-electronic 

images 
 F1

2 
A2 

 

Processing of  
knowledge (data) of 

the results of the-
matic segmentation 
of optical-electronic 

images 
 F1

3 
А3 

 

Transfer of  
knowledge (data) of 

the results of the-
matic segmentation 
of optical-electronic 

images 
 F1

4 
A4  

Use of  
knowledge (data) of 

the results of the-
matic segmentation 
of optical-electronic 

images 
 F1

5 
А5 

Methods of formalization and processing of 
knowledge (data) on the results of thematic 
segmentation of optical-electronic images 

Software and hardware implements 
ITTSOEI functions 

 



ISSN 2522-9052 Сучасні інформаційні системи. 2019. Т. 3, № 2 

 43 

electronic images from the on-board systems of Earth 
remote sensing. 

During the implementation of the function-
subprocesses 2

11F , the composition of knowledge (data) 
is determined (including from the point of view of iden-
tifying declarative and procedural knowledge) of the-
matic segmentation of optical-electronic images from 
on-board remote sensing systems of the Earth. 

During the implementation of the function-
subprocesses 2

12F , if necessary, adjustments are made to 
the composition of existing knowledge (data) on the-
matic segmentation of optical-electronic images from 
on-board remote sensing systems of the Earth, and data 
(facts) are currently being received from external 
sources of information (for example, in the area of ob-
servation, phono-object target situation, etc.). 

The function-process of storing knowledge (data) 
of the results of thematic segmentation of optical-
electronic images from on-board systems of remote 

sensing of the Earth  1 1
2 iF F  is realized by perform-

ing the following functions-subprocesses: 
– the function-subprocess 2 1

21 2F F  of the develop-
ment of a knowledge base (data), which is implemented in 
the development of a software and hardware complex for 
thematic segmentation of optical-electronic images from 
on-board remote sensing systems of the Earth; 

– the function-subprocess 2 1
22 2F F  of the process 

of direct storage of knowledge (data) of the results of 
thematic segmentation of optical-electronic images from 
onboard systems of remote sensing of the Earth, which 
is implemented during the operation of the software and 
hardware complex of thematic segmentation of optical-
electronic images from onboard systems of remote sens-
ing of the Earth. 

The function subprocess 2
21F  is implemented by 

performing the following function-operations: 
– the architecture of the software-hardware com-

plex of thematic segmentation of optical-electronic im-
ages from on-board remote sensing systems of the Earth 
is being developed, which determines the structure, 
functions and interrelation of the components of the 
software-hardware complex; 

– the composition of technical means is deter-
mined for the implementation of the components of the 
hardware-software complex for the thematic segmenta-
tion of optical-electronic images from the on-board re-
mote sensing systems of the Earth; 

– the composition of software is determined for the 
implementation of the components of a software and 
hardware complex for thematic segmentation of optical-
electronic images from on-board Earth remote sensing 
systems (operating system, programming language, 
knowledge engineering tools (CASE tools (Computer-
Aided Software Engineering)) and the like); 

– software implementation of the hardware and 
software components of the thematic segmentation of 
optical-electronic images from the on-board Earth re-
mote sensing systems based on the selected hardware 

and software implementation is being carried out; 
– filling the rule base of the software and hardware 

complex for thematic segmentation of optical-electronic 
images from on-board Earth remote sensing systems. 

During the implementation of the subprocess func-
tion 2

22F , the following is used: 
– storing in the base of rules the hardware and 

software complex of thematic segmentation of optical-
electronic images from the on-board Earth remote sens-
ing systems of the rules introduced or corrected at the 
previous stage, 

– storing in the database of the hardware and soft-
ware complex of thematic segmentation of optical-
electronic images from the on-board Earth remote sens-
ing systems data on the conditions for conducting re-
connaissance, phono-object conditions and the results of 
knowledge processing (data) on thematic segmentation 
of optical-electronic images from the on-board Earth 
remote sensing systems. 

The function-process of knowledge processing 
(data) based on the results of thematic segmentation of 
optical-electronic images from onboard Earth remote 
sensing systems  1 1

3 iF F  is implemented by perform-

ing the following functions-subprocesses (Fig. 3): 
– function-subprocess 2 1

31 3F F  of developing 
knowledge processing methods (data) on thematic seg-
mentation of optical-electronic images from onboard 
systems of remote sensing of the Earth (implemented at 
the stage of creating a software and hardware complex 
of thematic segmentation of optical-electronic images 
from onboard systems of remote sensing of the Earth); 

– function-subprocess 2 1
32 3F F  of implementa-

tion of the process of direct automated processing of 
knowledge (data) on thematic segmentation of optical-
electronic images from onboard systems of remote sens-
ing of the Earth during the operation of a software and 
hardware complex of thematic segmentation of optical-
electronic images from on-board systems of remote 
sensing of the Earth. 

The function subprocess 2
31F  is implemented by 

performing the following function-operations: 
– tasks are being set to formalize the processing of 

knowledge (data) of the thematic segmentation of opti-
cal-electronic images from on-board systems of remote 
sensing of the Earth; 

– the ways of knowledge (data) presentation are de-
termined (the choice of the mathematical apparatus 
(knowledge representation model (data)) is substantiated) 
of the thematic segmentation of optical-electronic images 
from on-board systems of remote sensing of the Earth; 

– a formal presentation of the knowledge (data) 
processing of the results of thematic segmentation of 
optical-electronic images from on-board systems of re-
mote sensing of the Earth, namely: 

     а) method of thematic segmentation of images 
from on-board systems of remote sensing of the Earth; 

     b) processing method of multiscale optical-
electronic image sequence from on-board systems of 
remote sensing of the Earth. 
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The structure of the algorithm that implements the 
methods of applied information technology of thematic 
segmentation of optical-electronic images from on-
board systems of remote sensing of the Earth is shown 
in Fig. 4. The algorithm is based on the method of the-
matic segmentation of optical-electronic images and the 
method of processing a multiscale sequence of optical-
electronic images from on-board remote sensing sys-
tems of the Earth. 

It has been established that, in contrast to the well-
known, the advanced applied information technology of 
thematic image segmentation of optical-electronic im-
ages from on-board Earth remote sensing systems uses 
the system modeling methodology IDEF0, which is 
based on the SADT structural analysis and design 
method, provides for determining image presentation 
spaces, highlighting the brightness channels of each 
color space, applying for thematic segmentation optical-
electronic images methods swarm artificial bee colony. 

Conclusions 
The article developed an applied information tech-

nology for thematic segmentation of optical-electronic 
images from on-board Earth remote sensing systems, 
which, unlike the known ones, uses the system model-
ing methodology IDEF0, which is based on the SADT 
structural analysis and design method. 

It has been established that, in contrast to the well-
known, the advanced applied information technology of 
thematic image segmentation of optical-electronic im-
ages from on-board Earth remote sensing systems uses 
the system modeling methodology IDEF0, which is 

based on the SADT structural analysis and design 
method, provides for determining image presentation 
spaces, highlighting the brightness channels of each 
color space, applying for thematic segmentation optical-
electronic images methods swarm artificial bee colony. 

In further studies, it is necessary to consider in de-
tail the structure of the algorithm that implements the 
function-subprocess 2

31F  and the corresponding func-
tions-operators of the applied information technology of 
thematic segmentation of optical-electronic images from 
on-board systems of Earth remote sensing. 
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Прикладная информационная технология тематической сегментации оптико-электронных изображений 

с бортовых систем дистанционного зондирования Земли 
И. А. Хижняк 

Аннотация.  Предметом изучения в статье является прикладная информационная технология тематической сег-
ментации оптико-электронных изображений с бортовых систем дистанционного зондирования Земли. Целью является 
разработка прикладной информационной технологии тематической сегментации оптико-электронных изображений с бор-
товых систем дистанционного зондирования Земли с использованием методологии системного моделирования IDEF0. За-
дачи: анализ особенностей оптико-электронных изображений, формулировка требований к методам, методикам и инфор-
мационным технологиям тематической сегментации оптико-электронных изображений с бортовых систем дистанционного 
зондирования Земли, разработка прикладной информационной технологии тематической сегментации оптико-электронных 
изображений с бортовых систем дистанционного зондирования Земли. Используемыми методами являются: методы тео-
рии вероятности, математической статистики, методы оптимизации, математического моделирования и цифровой обработ-
ки изображений, аналитические и эмпирические методы сравнительного исследования. Получены следующие результаты. 
В соответствие с синтаксисом и семантикой IDEF0 прикладная информационная технология тематической сегментации 
оптико-электронных изображений с бортовых систем дистанционного зондирования Земли может быть представлена в 
виде: кортежа, верхней дочерней диаграммы, дочерних диаграмм. Приведена структурная схема алгоритма, реализующего 
методы прикладной информационной технологии тематической сегментации оптико-электронных изображений с бортовых 
систем дистанционного зондирования Земли. Выводы. Научная новизна полученных результатов заключается в следую-
щем: разработана прикладная информационная технология тематической сегментации оптико-электронных изображений с 
бортовых систем дистанционного зондирования Земли, в которой, в отличие от известных, используется методология сис-
темного моделирования IDEF0, основанная на методе структурного анализа и проектирования SADT. 

 

Ключевые слова:  дистанционное зондирование Земли; оптико-электронное изображение; тематическая 
сегментация; информационная технология; методология системного моделирования; метод структурного анализа и 
проектирования. 

 

Прикладна інформаційна технологія тематичного сегментування оптико-електронних зображень 
з бортових систем дистанційного зондування Землі 

І. А. Хижняк 
Анотація .  Предметом вивчення в статті є прикладна інформаційна технологія тематичного сегментування оптико-

електронних зображень з бортових систем дистанційного зондування Землі. Метою є розробка прикладної інформаційної 
технології тематичного сегментування оптико-електронних зображень з бортових систем дистанційного зондування Землі з 
використанням методології системного моделювання IDEF0. Завдання: аналіз особливостей оптико-електронних зображень, 
формулювання вимог до методів, методик та інформаційних технологій тематичного сегментування оптико-електронних зо-
бражень з бортових систем дистанційного зондування Землі, розробка прикладної інформаційної технології тематичного сег-
ментування оптико-електронних зображень з бортових систем дистанційного зондування Землі. Використовуваними метода-
ми є: методи теорії імовірності, математичної статистики, методи оптимізації, математичного моделювання та цифрової обро-
бки зображень, аналітичні та емпіричні методи порівняльного дослідження. Отримані такі результати. У відповідності до 
синтаксису та семантики IDEF0 прикладна інформаційна технологія тематичного сегментування оптико-електронних зобра-
жень з бортових систем дистанційного зондування Землі може бути представлена у вигляді: кортежу, верхньої дочірньої діаг-
рами, дочірніх діаграм. Наведена структурна схема алгоритму, що реалізує методи прикладної інформаційної технології тема-
тичного сегментування зображень з бортових систем дистанційного зондування Землі. Висновки. Наукова новизна отриманих 
результатів полягає в наступному: розроблена прикладна інформаційна технологія тематичного сегментування оптико-
електронних зображень з бортових систем дистанційного зондування Землі, в якій, на відміну від відомих, використовується 
методологія системного моделювання IDEF0, що заснована на методі структурного аналізу та проектування SADT. 

 

Ключові  слова:  дистанційне зондування Землі; оптико-електронне зображення; тематична сегментація; інфо-
рмаційна технологія; методологія системного моделювання; метод структурного аналізу і проектування. 


