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1. Introduction

The rapid development of geospatial data sources in the 
world significantly complicates the process of extraction of 

geospatial data using technical devices and necessitates their 
compilation and processing of geospatial data coming from 
various technical devices [1, 2].The main advantage of geoin-
formation technologies over other information technologies is 
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Розроблено алгоритм комплексної 
обробки геопросторових даних в геоiн-
формацiйних системах спецiального 
призначення в умовах рiзнотипностi 
та невизначеностi даних. Новизна 
алгоритму полягає в забезпеченнi  
функцiонування геоiнформацiйної сис- 
теми в умовах дефiциту обчислю-
вальних ресурсiв з врахуванням неви-
значеностi про стану об’єкту монiто-
рингу (об’єкту розвiдки). Зазначений 
алгоритм враховує при обробцi гео- 
просторових даних, що циркулюють 
в геоiнформацiйнiй системi спецiаль-
ного призначення коефiцiєнт вiд-
носної значущостi подiй, що вини-
кають. Запропонований алгоритм 
використовує розроблений комплек-
сний показник виникаючих подiй, який 
характеризує ймовiрнiсть виконання 
геоiнформацiйною системою постав-
лених перед нею завдань, повноту їх 
вирiшення за цикл управлiння i враху-
ваннi значимостi виникаючих подiй. 
Запропоновано взаємодоповнюю-
чi один одного пiдходи до управлiння 
ресурсами геоiнформацiйних систем 
спецiального призначення. Розробка 
запропонованого алгоритму обумов-
лена необхiднiстю пiдвищення опера-
тивностi обробки рiзнотипної iнфор-
мацiї в геоiнформацiйних системах з 
прийнятною обчислювальною склад-
нiстю. Запропонований алгоритм доз-
воляє пiдвищити ефективнiсть функ- 
цiонування геоiнформацiйних систем  
за рахунок комплексної обробки гео- 
просторових даних, що в нiй цирку-
люють. Зазначений алгоритм доцiль-
но використовувати при розробцi 
програмного забезпечення для геоiн-
формацiйних системах спецiального 
призначення для пiдвищення їх ефек-
тивностi за рахунок пiдвищення опе-
ративностi обробки iнформацiї в 
геоiнформацiйних системах спецiаль-
ного призначення. Запропонований 
алгоритм дозволяє пiдвищити опера-
тивнiсть обробки iнформацiї в геоiн-
формацiйних системах спецiального 
призначення вiд 16 до 20 % в залеж-
ностi вiд кiлькостi iнформацiї про 
об’єкт монiторингу
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the set of tools for creating and combining databases with the 
possibilities of their graphical analysis and visualization [1, 2].

Currently, geoinformation systems (GIS) for military 
purposes are increasingly being used to solve the problems 
of modeling the processes and situations of military use of 
troops. This allows us to talk about the appearance of a new 
class of GIS – intelligent geoinformation systems that use 
artificial intelligence to collect and process information.

Devices of remote sensing of the Earth (RSE), forces and 
devices of electronic intelligence are the main sources of infor-
mation for solving various computational and analytical tasks.

The processing of different types of intelligence from 
various sources of information requires considerable com-
putational operations, with strict restrictions on the time of 
calculations.

This leads to the search for new scientific approaches to 
the processing of heterogeneous geospatial information in 
order to increase the operational efficiency of special-pur-
pose geoinformation systems.

Considering the above, it is necessary to solve an actual 
scientific problem, which consists in developing an algorithm 
for processing various types of information in order to re-
duce the time to make a decision on the status of monitoring 
objects (MO).

All this confirms the relevance of the chosen research 
direction.

2. Literature review and problem statement

In [3], the analysis of known methods of processing 
different types of information was carried out. The analysis 
revealed that the researchers highlight a number of problems 
associated with the process of data extraction for further 
analytical processing:

– data in sources, as a rule, are presented in various formats, 
coding and forms, while the solution of analytical problems 
involves the use of a single, universal format, which will be 
supported by the data warehouse and analytical applications;

– excessively detailed data contained in the sources must 
be cleaned and summarized. In this case, the methods and 
algorithms that are intended for this purpose are often more 
complex than the analysis algorithms themselves;

– the lack of integrated use of information processing 
and distribution methods.

In [4], a generalized metric was developed in the problem 
of multivariate data analysis with different types of features. 
The essence of the proposed metric is that the metric allows 
you to build clustering, classification, and association algo-
rithms based on it using classical processing methods.

The proposed metric is intended to estimate the proxim-
ity of objects with specified features, which allows it to be 
reduced to scalar numerical values. This allows us to reduce 
the problem to the classical numerical form and provides a 
fundamental opportunity to apply known methods and algo-
rithms for its solution. However, this metric does not allow 
effective functioning in a deficit of computing resources.

In [5], an approach to in-depth analysis of various types 
of data affecting the energy efficiency of buildings is pro-
posed, which is based on the representation of a hierarchy of 
factors in the form of a multidimensional cube with different 
levels of abstraction. This approach allows for a multi-level 
description of the object, but does not take into account the 
uncertainty about the status of the monitoring object, which 

does not allow a full assessment of its status. This approach is 
geared toward using sufficient computing resources.

In [6], an approach for processing various types of data 
obtained from an unmanned aerial vehicle implemented in 
the GRASS GIS software environment was presented. This 
approach is based on three-dimensional raster image process-
ing techniques with a further reduction of their redundancy. 
However, this approach is intended only for processing graph-
ic information and does not take into account the type of 
uncertainty about the status of the monitoring object.

In [7], a description of the work of spatial and temporal 
degradation of soil erosion was performed. The description of 
the soil erosion process is described using the erosion poten-
tial method. This method is based on the analytical processing 
of various types of data on the factors affecting the erosion 
process. The method is characterized by a high degree of reli-
ability, less computational complexity, simplicity and adapted 
for the use in GIS. However, this approach is intended only 
for processing multiple mapping information with sufficient 
computing resources available. This feature limits its scope.

In [8], a method of binary classification of users of social 
networks, which is based on the method of logical regression 
was presented. This method allows to process various types 
of information about users of social networks. However, this 
method requires considerable computing resources and does 
not take into account the uncertainty about the state of the 
monitoring object (in this case, social network users).

In [9], the problem of processing information from het-
erogeneous technical monitoring tools is considered. As 
a possible solution to the problem, it is proposed to use a 
generalized methodology for information processing, which 
is based on the clustering methodology of territorially com-
bined monitoring information sources and using the frame-
work model of the knowledge base for the identification of 
monitoring objects. The clustering technique is based on the 
Lance-Williams hierarchical agglomerative procedure using 
the Ward metric. The framework of the knowledge base is 
built using object-oriented modeling tools. The disadvantag-
es of the proposed generalized methodology include the ne-
glect of the relative significance of the events that occur and 
the inability to operate in the face of a scarcity of computing 
resources. The disadvantages of this method also include 
the inability to redistribute computing resources between 
elements to increase the efficiency of information processing.

In [10], a method for processing different types of acous-
tic information from different sources of origin to identify 
the level of information security of unmanned autonomous 
objects was developed. This method is based on the use of 
a two-layer neural network with sigmoid hidden neurons. 
However, this method is intended only for use with acoustic 
information, requires considerable computational resources 
and does not take into account the degree of uncertainty 
about the condition of the monitoring object.

In [11], a method for determining the type of signal mod-
ulation based on a convolutional neural network by analyz-
ing various signal parameters was proposed. This method is 
highly efficient, but it can only be used to solve radio moni-
toring tasks, requires considerable computing resources, and 
does not take into account the degree of uncertainty about 
the status of the monitoring object.

In [12], a method for identifying signals for unmanned ae-
rial vehicles was proposed. The method is based on an artificial 
neural network and uses the knowledge base of radio wave 
propagation, taking into account geographical coordinates. 
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The disadvantages of this method are that the method is limit-
ed to solving radio monitoring problems, requires considerable 
computing resources and does not take into account the degree 
of uncertainty about the state of the monitoring object.

In [13], a methodology for correcting common geometric 
and topological errors in geoinformation systems was devel-
oped. This methodology is intended to correct errors that 
occur while converting heterogeneous data in geoinforma-
tion systems from analogue to digital. However, this meth-
odology is not intended to handle information differently 
than geometric information, requires considerable computa-
tional resources and does not take into account the degree of 
uncertainty about the state of the monitoring object.

In [14], an approach for the transformation of aerial pho-
tographs and satellite images, which is based on the results of 
their geomorphological, geobotanical, reclamation, erosion 
and other surveys in geoinformation systems into a digital 
landscape model was proposed. However, this approach does 
not take into account other types of information circulating 
in geoinformation systems and does not take into account 
the uncertainty about the status of the monitoring object.

In [15], an intelligent system for processing various types 
of data circulating in geoinformation systems is proposed. 
This intelligent system is designed to solve the problems of 
geological exploration in geoinformation systems. The essence 
of this approach is that the components of the target mineral 
system that are mapped are converted into a set of cards, 
which leads to the automatic updating of the map. However, 
this intelligent system is only for geological exploration pur-
poses and requires considerable computing resources.

In [16], an approach for monitoring the state of the grid us-
ing a geoinformation system was proposed. The essence of this 
approach consists in the fact that on the basis of complex pro-
cessing of information about the state of the grid, its complex-
ation is carried out. However, this intelligent system is intended 
solely for monitoring the state of the grid, requires considerable 
computing resources and does not take into account the uncer-
tainty about the condition of the monitored object.

In [17], an integrated GIS platform architecture de-
signed to meet the requirements of real-time processing of 
space-time data using cloud computing was proposed. This 
platform does not take into account the relative importance 
of the events to be analyzed and further processed and re-
quires considerable computing resources.

In [18], an approach to the use of GIS for processing and 
submitting geotechnical data to formats that are useful to en-
gineers, planners and land-use specialists was described. This 
approach significantly reduces the time for processing data cir-
culating in the GIS. However, this approach is oriented solely 
for use in the field of land management without regard to the 
importance of information circulating in the system, which re-
quires significant computing resources, is not able to distribute 
information to increase the efficiency of its processing.

In [19], the use of GIS for processing various spatial data 
for optimization of urban planning is considered. This ap-
proach allows us to increase the energy efficiency of urban de-
velopment, to optimize transport connections and to propose 
city development strategies. The proposed approach requires 
considerable computing resources and does not take into 
account the degree of uncertainty of the monitoring object.

In [20], an approach for processing GIS-based data of 
different types was presented. The essence of the proposed 
approach is to analyze the energy efficiency of buildings 
by technical, economic, environmental and social criteria. 

Energy balance and spatial analyses were performed on the 
basis of a geographical information system. This approach 
requires considerable computing resources and complete 
information on the status of the monitoring object.

The analysis showed that the known methods (techniques):
– do not allow high-quality processing of large arrays of 

different types of data of numerical and quantitative origin;
– have great computational complexity;
– do not take into account the level of awareness of the 

status of the monitoring object;
– do not allow in a complex to process and distribute 

information about the status of the monitoring object.
Therefore, it is necessary to develop an algorithm for 

processing various types of information in special-purpose 
geoinformation systems, which is able to efficiently process 
and distribute large arrays of data under uncertainty, as well 
as a shortage of computing resources.

3. The aim and objectives of the research

The purpose of the research is to develop an algorithm for 
integrated processing of geospatial data in special-purpose 
geoinformation systems in the conditions of data diversity and 
uncertainty about the status of the monitoring object. This 
algorithm allows for complex processing and distribution of 
information from multiple sources of information, takes into 
account the uncertainty about the state of the monitoring 
object and has a moderate computational complexity.

To achieve this goal, the following tasks were set:
– to formulate the task of complex processing of geospa-

tial data;
– to develop an algorithm for complex processing of 

geospatial data;
– to identify the advantages and disadvantages of the 

proposed algorithm.

4. Formulation of the task of complex processing of 
geospatial data

Let us consider one of the main components of a single 
technological cycle (STC) of integrated processing of geospa�-
tial data (GSD) – management of the resources of the (system 
of complex processing of geospatial data) SCP GSD in order 
to maintain the stability of its functioning in all conditions.

The quality of functioning of the SCP GSD can be de-
scribed by a set of the following interrelated criteria:

1) the number ( )u t∆  of recorded events { }is  on the MO 
over a period of time ;t∆

2) the time τ required to develop a single information 
document;

3) the likelihood of the system performing tasks during 
the management cycle.

You should also enter a comprehensive indicator that 
characterizes the completeness of solving the tasks by the 
GSD complex processing system in a given period of time 
(per control cycle):

( )1 1 ,Р e p t
d

θ

t
−

t= − = − ∆ ( ) ( )
( ) 100 %,

u t
p t

u t

∆
∆ = ×

∆


	 (1)

where u(Δt) is the number of events that actually took place 
{si}, that happened during the period, Δt is the probability 
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of completing a control cycle task, τθ is the average time to 
complete the task on the control cycle, τδ is the allowed time 
to solve problems for the control cycle.

Thus, the management of the SCP GSD resources is 
reduced to the problem of rationally allocating them be-
tween tasks that are solved in such a way that p(Δt) is the 
maximum (tends to 100 %).

However, in reality, the indicator p(Δt) in the formu-
la (1) cannot fully characterize the quality of functioning 
of the SCP GSD, since it does not take into account such 
a characteristic as the relative significance of the recorded 
events.

Let events on the MO be divided into М types. The 
magnitude ζm of each event type can be determined by the 
number m of its type or by a value proportional to m. The 
proportionality factor is convenient to choose from the con-
dition that the sum of the significance of events of all types 
is normalized by 1:

( )
1

1.
M

mm=
ξ =∑  		 (2)

As a result, the quality of functioning of the SCP GSD 
can be characterized by a complex indicator P(Δt), which 
takes into account the significance of the recorded events 
and is defined as follows:

( ) ( )
( )

( )
( )

1

1

100 % 100 %,

M

m mm
M

m mm

uU t
P t

U t u
=

=

ξ∆
∆ = ⋅ = ⋅

∆ ξ
∑
∑





 	 (3)

where ( )U t∆  is the number of recorded events on the MO 
for a given period of time, taking into account their relative 
importance; U(Δt) is the number of events that actually oc-
curred during the same period.

Herewith mu  is defined as the number of recorded { },mis  
but um is defined as the number of events of a given type that 
occurred { }.mis

We formulate the problem of rational allocation of the 
SCP GSD resources as follows.

Let the SCP GSD entry receive tasks to respond to 
events of varying significance. The frequency of receipt of 
tasks can be described by the normal law of distribution. 
Each task requires its own resources to be connected. It is 
necessary to redistribute system resources in such a way 
as to ensure the maximum possible value of the integrated 
indicator ( ) max.P t∆ →

The solution to this problem is possible while applying 
the following approaches:

1. Allocation of the SCP GSD resources to solve prob�-
lems of response to events of different types, taking into 
account their relative importance.

2. Minimizing the total time τ, which is required to per-
form another m-type response.

Suppose there are N types of resources for solving the 
tasks in the SCP GSD.

The need for resources is specified by the matrix 
{ },nmR r=  n=1, N, m=1, M. In this case, the elements of the 

matrix determine the need for the m-type task in the n-th 
resource. The availability of resources is determined by the 
vector { },nσ = σ  n=1, N.

The general scheme of functioning of such a system is 
presented in Fig. 1.

The physical content of the elements rnm consists in the 
fact that the elements are binary, including time τnm, which 

is spent by the resource to obtain the corresponding result at 
a predetermined stage of complex processing, and the degree 

nmχ  of contribution of the resource to the overall processing 
process:

{ }, ;nm nm nmr r= χ 0 1;nm£ χ £
1

1
N

nmn−
χ =∑ .		   (4)

The introduction of the parameter nmχ  is justified be-
cause it eliminates the optional n-th resource from the pro-
cess of solving the m-th problem in the case of a heavy load of 
the SCP GSD, when the process requires considerable time 
and its contribution is small.

Parameter τnm is determined according to the following 
formula:

1 2 3 4,nm nm nm nm nmt = t + t + t + t  			   (5)

where 1nmt  is the time of transfer of the n-th resource 
while solving the m-th problem of the output from the 
previous resource (taking into account the factor of their 
territorial distribution); 2nmt  is the time to search for the 
data that may be needed for the n-th resource at this stage 
of the solution of the m-th problem, in the databases of all 
known resources { }nr  (also taking into account the factor 
of their territorial distribution and heterogeneity of the 
structures of the data processed in them); 3nmt  is the time, 
which is spent directly by the n-th resource for the proce-
dure of performing the current stage of solving the m-th 
problem; 4nmt  is the time spent by the n-th resource to 
transfer the results of their work to the next resource in 
the chain.

Practice shows that these components τnmi in formu-
la (5) have different “specific gravity”. Time depends both 
on the degree of territorial distribution of the resources 
involved in solving the problem and on the level of auto-
mation of the subsystems that provide the retrieval and 
search of the necessary input data. Finding the information 
resource, you need in thematic databases involves not au-
tomatic, but automated or manual operation. In this case, 
“overhead”, not directly related to the solution of the prob-
lem (times τnm1, τnm2, τnm4) will be at least 50 % of all time 
spent by the resource to obtain the result at a given stage of 
complex processing (time τnm).

It should be noted that in order to calculate the time 
spent in general on solving the problem of responding to an 
event of the m-th type, the time τnm should be summed up. 
This is due to the fact that there is always a delay between 
the time when the event occurred and the time when the 
response of the SCP GSD began. Also, when resources are 
scarce, there is a waiting time for the availability of the re-
quired resource (waiting time for it).

The time, which is taken by the system to respond to the 
i-th event of the m-th type of MO can be determined by the 
formula

( )( )1 2 1
,

i i i

N

m nm nm nn
t t T

−
t = + + w t +∑  		  (6)

where 1i
t  is the time of the start of the reaction to the i-th 

event; 2i
t  is the time, which is taken to bring results to in-

terested consumers; nT  is the waiting time for n-th resource 
availability (queuing);

0, ;

1, .
nm

nm
nm

X

X

χ £
w =  χ >

 				    (7)
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In addition, it should be noted that time 1i
t  and nT , in 

the general case, are not constants and depend on the load-
ing of the SCP GSD.

The physical meaning of the parameter nmw  consists in 
the following. If the value of nmχ  is not more than some con-
figured global configuration parameter X, the n-th resource 
is excluded from the process of solving the m-th problem, and 
the time τnm is not taken into account while calculating the 
total time spent to solve it.

The physical meaning of the parameter 1i
t  consists in the 

fact that there is always a difference between the time when 
the event at the MO occurred and the moment when it was 
recorded by monitoring means and transmitted to the SCP 
GSD. This is due to the fact that, on the one hand, the mon-
itoring of the facilities by a given object is not continuous, 
but discrete. On the other hand, the transfer of data from the 
points (devices) of extraction to the points of their reception 
occurs not immediately after fixation of a given monitoring 
object, but according to a given discrete regulation. 

The parameter nT  is defined as follows:

( ),n nТ F n= ε ⋅  					    (8)

where ( )F n  is the procedure that determines the waiting 
time for the n-type resource to be available; nε  determines 
whether there is a queue for the n-type resource.

The value for nε  is set based on the analysis of the value 
of the corresponding element of the vector { },nσ = σ  n=1, 
N, which is determined on the basis of such considerations.

The resources in the SCP GSD are divided into two 
classes. The first class includes resources, which are related 
to the participation of the human operator in the processing, 
providing automated or manual operation. For such resourc-
es, the value firstly is σ>0. The value decreases by 1 when 
the n-type resource is assigned to solve a particular task and 
increases by 1 when the n-type resource completes its next 
task. If σ=0, such a resource is considered unavailable.

The second class includes resources that operate with-
out the participation of a human operator, automatic mode. 
It is believed that sometimes waiting for their availability 
can be neglected and capable of simultaneously serving 
solutions to many tasks at once. For such resources, σ=–1. 
Typical examples of such resources may be different thematic 
databases, as well as computing services.

Thereby, nε  is given as follows:

1, 0,

0, 0.
n

n
n

σ =
ε =  σ ≠

 		  (9)

5. Development of an algorithm for complex processing of 
geospatial data in special-purpose geoinformation systems

On the basis of the mathematical description of the 
functioning of the system of complex processing of geospa-
tial data, it is possible to develop an algorithm of complex 
processing of geospatial data in geoinformation systems of 
special-purpose in the conditions of diversity and uncertain-
ty of the data. The proposed algorithm is shown in Fig. 2.

1. Input of initial data (step 1 in the algorithm diagram).
The input of initial data (operational situation) about the 

monitoring object is made. The degree of uncertainty of the 
intelligence object (monitoring object) is determined.

The uncertainty is due to both the insufficient amount of 
information required to quantify the processes occurring in 
the system and the complexity of the monitoring object itself 
as a complex system.

Practice shows that most often there are a number of 
problems related, in particular, to the implementation of 
automated decision support systems for determining the 
status of the monitoring object in different conditions of a 
priori uncertainty. In other words, there is a contradiction 
between the current level of technical support for the pro-
cessing of different types of geospatial information and the 
level of mathematical, software, and analytical support for 
decision-making (DM) regarding the state of the monitor-
ing object in different uncertainty conditions.

In the conditions of certainty, the decision on the condi-
tion of the monitoring object with the best value of the qual-
ity criterion is generally chosen. Often, these conditions and 
decisions are called deterministic. In this case, it is assumed 
that the implementation of the decision on the status of the 
monitoring object will lead to a previously known, moreover, 
single result, which does not have any ambiguity about the 
prospects of the future status. In these circumstances, full 
awareness of current and future changes in the external and 
internal environment dominates. In its turn, it guarantees 
the achievement of the calculated (planned) quality indi-
cators and the efficiency of determining the status of the 
monitoring object or its elements.

In practice, the conditions of full determination in the 
decision-making regarding the condition of the monitoring 
object are extremely rare, but this coarsening is occasionally 
allowed to substantiate the advantages and simplicity of 
decision-finding algorithms [21–25].

In the context of risk, the action taken within the frame-
work of both the external and the internal environment of the 
operation of the monitoring object is taken into account, as a 

result of which the actual decision on the 
condition of the monitoring facility in the 
real conditions may not coincide with the 
calculated unambiguous value. That is why 
in risk conditions it is accepted that any deci-
sion to determine the status of a monitoring 
object can lead to many possible outcomes, 
the probabilities of which can be estimated or 
known in advance. In practice, this leads to 
the fact that the algorithm for choosing the 
decision on the condition of the monitoring 
object is based on the probability of obtain-
ing certain results and their usefulness.

The degree of information uncertainty 
varies from complete ignorance of the fu-
ture situation to the possible knowledge of Fig. 1. Generalized scheme of SCP GSD functioning
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the lower and upper boundaries within which the indicator 
characterizing the status of the monitoring object may vary.

It is customary to distinguish between degrees [21–25]:
– full awareness, it is the predictability of Gt  events 

close to the unit:

lim 1,
k

Gtt→t
= 					     (10)

where t  is the time, kt  is the event prediction end time;
– complete uncertainty is the predictability of the event 

close to zero, which is mathematically expressed by the relation:

lim 0.
k

Gtt→t
= ;					      (11)

– partial uncertainty corresponds to the predictability of 
events lying in the range from 0 to 1, which can be expressed 
by inequality:

0 1.Gt< < ;					     (12)

– “hopeless” uncertainty corresponds to the lack of infor-
mation about the state of the environment within which the 
monitoring object operates.

In these cases, the criteria of a guaranteed result, opti-
mism, pessimism, minimum risk and generalized maxima 
are used to predict the status of the monitoring object for 
determining the best decisions [21–25].

The uncertainties that arise while making decisions 
about the state of the monitoring object are objectively due 
to the fact that complex systems of information collection, 
storage, processing and transmission in the course of their 
functioning depend on a number of factors.

It is important to take into account the factor of time 
in the analysis of the quality of the decisions made because 
always the quality of the decisions and the costs of their im-
plementation are distributed over time [21–25].

It is known that differently distributed over time, but 
equal in magnitude costs give unequal useful result (the 
quality of the decisions regarding the state of the intelligence 
object (monitoring object). That is why retrospective, current 
and prospective uncertainties are commonly distinguished.

In uncertain conditions, which are mostly characteristic 
for the environment of the monitoring object, the character-
istics of the system may also be random, but unlike proba-
bilistic conditions, the law of their distribution is unknown.

Changes in the parameters of the decision-making pro-
cess can be explained by a number of factors [21–25]:

1. Changes are made to the baseline data, which are used 
to make the decision to organize collection, storage, pro-
cessing and transmission of information on the status of the 
monitoring object.

2. Changes in external conditions and current require-
ments (quality criteria) of the DM for the organization of col-
lection, storage, processing and transmission of information 
about the state of the monitoring object (cause – environ-
ment, changing of the management tasks).

3. Changing of decision-making methods for organizing 
collection, storage, processing and transmission of informa-
tion on the status of the monitoring object.

Thus, there is objective uncertainty about the conditions 
for deciding on the status of the monitoring object. This is 
caused by the non-stationary functioning of the systems, 
effects of destabilizing factors, external environment, fuzzy 
goals and inconsistency of management tasks, which necessi-

tates the adoption not only of the multicriteria condition but 
also of the uncertainty.

Therefore, the task of evaluating the monitoring object 
is formulated as follows: it is necessary to have a vector of 
intelligence features, (x1, ..., xn) to evaluate the condition 
of the monitoring object (make a decision D) for the ad-
missible time with maximum certainty, and to present in a 
formalized form

{ } ( )0
1: max ,..., ;

, 1, ,

j j n A AD

i

D D D P x x t t

x X i n

= → ≥

Î =  		  (13)

where P(x1, ..., xn) is the likelihood of evaluating the moni-
toring object correctly; xi is the set of intelligence indicators 
of a certain set X; 1,j m=  are the options for assessing the 
status of the monitoring object; tA, tAD  is the time and allow-
able analysis time, respectively.

2. Calculation of the matrix nmW  (action 2 on the dia-
gram of the algorithm).

There is a calculation for solving the problems of what 
type is assigned to each of the available n-type resources 
(matrix nmW  calculation)

{ }, ,n nk k
nm nmW r= ∆t  				    (14)
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where nk
nmr  is the R-th resource of the n-th type, 1nR = , nK  is 

the number of n-type resources; nR∆t  is the time that has 
elapsed since the start of solving the current task by the nR -th 
resource. 

Also, at that stage, the order of the autoregressive model 
and the volume of the training sample for forecasting are 
determined. To predict the status of the monitoring object, 
the method of forecasting the condition of the monitoring 
object, which was developed in [26] is used.

3. Ranking of tasks (action 3 on the scheme of the algo-
rithm).

Based on the analysis of the setting regulations ( ),nmr  
they are ranked for the estimated waiting time of their avail-
ability and the minimum waiting time for the release of any 
n-type resource is calculated: 

( )'
1min .n

n n

k
n k K nmT £ £= t − ∆t  			   (15)

4. Calculation of the number of tasks (action 4 on the 
scheme of the algorithm).

At this stage, the algorithm calculates the number of Si 
tasks that are already in the queue for the n-type resource, 
and calculates the time, which is required to complete this 
queue:

'' .i
n nmi

T = t∑  					     (16)

During the implementation of steps 3 and 4 of the spec-
ified algorithm, the order of the autoregressive model is 
corrected, the variance is estimated and the magnitude of 
information mismatch is calculated. This is done to predict 
the status of the monitoring object using the developed fore-
casting method [26].

5. Determination of the total time of waiting for the 
resource availability (action 5 on the diagram of the algo-
rithm).

In step 5 of the algorithm, the total waiting time nT  for 
the availability of the n-type resource is calculated:

' ''.n n nT T T= +  					     (17)

These models allow you to estimate the time spent on the 
main stages of the operation of the SCP GSD.

According to the purpose, it is advisable to take the 
probability of system tasks as an indicator of the efficiency of 
the process of complex processing of geospatial data in geoin-
formation systems. The basis for efficiency evaluation is the 
probability of fulfilling the GIS task during the control cycle.

In the general case, the control cycle includes the follow-
ing steps:

1. Collection of information about tasks, the status of fa-
cilities and objects, for which the system is used, the results of 
tasks, the status of management and communication facilities.

2. Processing of information about item 1, entering 
databases, situation assessment. Planning and operational 
management of actions, use of common funds, management 
system tools and measures for their provision.

3. Preparation of decision options, calculations and situ-
ation assessment. Planning and operational management of 
actions, use of general facilities, management system means, 
measures for their provision.

4. Decision making and approval.
5. Generation of signals, commands, orders and control 

effects.

6. Bringing signals, commands, orders, control effects to 
management objects.

7. Acceptance of management influences and preparation 
of devices for the performance of tasks.

The first stage is the collection of information. This pro-
cess is characterized by the rate of receipt of information λ, 
which is measured by the number (such as words, bytes or 
bits per unit time). The speed λ is determined by the inten-
sity of situation change. Another feature of the stage is the 
amount of information V that must be collected and trans-
mitted accordingly for a sufficiently complete assessment of 
the situation and decision. The average duration of the stage 
is determined by:

max ,c

V V α α
t = ⋅ µ λ 

			    (18)

where α is the redundancy factor, which is needed to encode 
and enhance the information; μ is the speed of information 
transfer. Given the random nature of the transfer and recep-
tion process, the probability of termination of the process 
after time τc is defined as follows:

ˆ

1 .
c

oP e
t

−
t= − 					     (19) 

The second stage is information processing. At this stage, 
information problems are solved. The average solution time 

zt  is determined by the average number of machine opera-
tions Ni that must be performed for the information process-
ing and PC performance:

.i
i

N
t =

υ
 					     (20)

The Ni value is proportional to the volume V of transmit-
ted initial data. The proportionality factor Ci is determined 
by the average number of machine operations transmitted 
per unit of initial data.

The probability of completing the stage over time τi is 
equal to:

1 .
i

iP e
t

−
t= −  					     (21)

The third stage is the preparation of variants of the deci-
sion. At this stage, the calculation and optimization problems 
are solved. However, the latter requires a much larger number 
of Np machine operations, which are usually proportional to 
the cube or square of the initial data volume at this stage.

( )3
,p pN C V= γ  				    (22)

where γ is the depth of V data use factor; Cp is the average 
number of machine operations, which are performed per 
cube of unit volume of initial data.

The average time to solve the problems of this stage is 
mainly determined by optimization problems:

1 з
р рС Vθ =

υ
. 					     (23)

The probability of completing a task over time рt  is 
equal to:

1 .
р

Р e
t

−
θ= −  					     (24)
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The fourth stage consists in making a decision and ap-
proving its decision-making object (DMO) at the appropri-
ate level regarding the status of the intelligence object (mon-
itoring object). The average duration of the given stage гt  
depends on the volume гV  of DMO information that is de-
termined by the volume рV .

,г pV V=   					     (25)

where 1<<  is the degree of aggregation of the information 
provided by the DMO.

If u  – the average speed of solving the problem over time 

гt  is equal to:

1
r rV

и
t =  .				     (26)

The probability of completing a task over time rt  is 
equal to:

1 .
r

Р e θ

t
t= −  			   (27)

The fifth stage is the formation of management influenc-
es. At that stage, the design tasks are solved to confirm the 
decisions, which are taken to predict the future state of the 
monitoring object. Average stage duration:

1
,Nφ Φt =

υ
			   (28)

where rN vVΦ =  is the number of machine operations per-
formed in the process of forming control effects, where 
v  is the number of computational operations per unit of 
transformation gV  respectively

1
.gvVφt =

υ
 		  (29)

The probability of completing the stage over time φt  is 
equal to:

ф

ф1 .P e

t
−

t= − 				     (30)

The sixth step consists in bringing the management ef-
fects to the extraction object. Its average duration dt  is 
calculated similarly to the first stage:

1
,d dVt =

w
			    (31)

where d pV V= η  is the amount of information that comes to 
the extraction facility; η  is the factor that takes into ac-
count the proportion of information Vp brought to one 
tool. In a particular case, it may be equal to

1
,

n
η =

where n  is the number of devices.
The probability of completing the stage over time dt  is 

equal to:

1 .
d

dP e
t

−
t= −  		  (32)

The seventh stage is the preparation of the tool for the 
tasks. The average duration depends on the characteristics 
of the preparation process, such as input of initial data and 
preparation of the control object for action:

1 2,пt = t + t 				     (33)

where 1t  is the average input time of initial data; 2t  is the 
average preparation time. 

The probability of completing the stage over time пt  is 
equal to:

1 .
п

пP e
t

−
t= − 			    (34)

The control cycle does not include the stage of executing 
the control cycle directly. Provided the independence of 
the solution of problems in stages, the overall probability of 
executing the control cycle is determined by multiplying the 
probabilities of completing all the steps.

Therefore, the amount of information, which was re-
ceived in the first stage of the management cycle depends on 
the average duration of the remaining stages.

6. Discussion of results on the development of  
the algorithm of complex processing of geospatial data  

in geoinformation systems

The algorithm of complex processing of geospatial data 
in special-purpose geoinformation systems in the conditions 
of diversity and uncertainty of the data is proposed. The 
proposed algorithm is simulated in MathCad 14.

The scheme of solving information and calculation prob-
lems using the proposed algorithm is shown in Fig. 3.

Fig. 3 shows the procedure for calculations using the 
proposed algorithm in the system of complex processing of 
geospatial data.

Taking into account the developed algorithm of SCP 
GSD, approaches to solve the problem of rational allocation 
of its resources can be formulated as follows:

– firstly, the minimization of the total time, which is 
required to solve the next problem of the m-th type;

– secondly, the redistribution of the SCP GSD resources 
in terms of their scarcity to solve problems, but responsiveness 
to events considering their relative importance.

As part of the first approach, it should be noted that the 
mathematical description of the functioning of the existing 
SCP GSD has a pronounced reactive nature. This consists in 
the fact that the activity of its resources is either stationary 
(planned) or is the result of the reaction to the events that 
occurred at the monitoring objects (and if they were managed 
to be recorded by observation devices). These mathematical 
relations do not take into account the nature of the develop-
ment of situations in the space of monitoring objects. The fact 
that the SCP GSD operates under such a model leads to the 
fact that the SCP GSD will always be late in the development 
of the situation and be in the role of catching up.

Thus, the first approach is to intellectualize the process 
of functioning of the SCP GSD, which is based on the appli-
cation of knowledge bases of intelligent systems, namely the 
transition from reactive models and monitoring methods to 
proactive ones that will be able:

– firstly, to anticipate possible variants of the situation 
development in the space of the monitoring objects, including 
in the conditions of uncertainty of their data;

– secondly, to limit the degree of human involvement in 
the management cycle of complex processing resources, as 
well as to automatically offer options for the formation of 
scenarios for solving monitoring tasks.
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In the second approach, it is necessary to take into ac-
count the fact that an event that has a small value of the 
coefficient of relative importance, as a result, can cause events 
with a high value of this coefficient. Thus, taking into account 
the provisions of the first approach, it is necessary to dynam-
ically change (increase) the coefficient of relative importance 
of such events in the process of functioning of the SCP GSD.

Fig. 4 shows graphical estimates of the efficiency of the 
proposed algorithm.

For this purpose, a simulation of the algorithm was 
performed to determine the number of computational opera-
tions, which are required for the operation of the algorithm. 
Initial data to evaluate the condition of the monitoring ob-
ject using the proposed algorithm:

– number of sources of information about the status of 
the monitoring object – 3 (radio monitoring, remote sensing 
and unmanned aerial vehicles);

– number of information signs, which determine the 
status of the monitoring object – 13 (affiliation, type of 
organizational and staff formation, priority, minimum width 
on the front, maximum width on the front, number of per-
sonnel, minimum depth on the flank, maximum depth on the 
flank, the total number of personnel, the number of samples 
of weapons and military equipment, the number of types of 
samples of weapons and military equipment, the number of 
communication devices, type of communication devices);

– variants of organizational and staff formations – 
company, battalion, brigade.

Comparison by criterion is the minimum computational 
complexity with restrictions on the reliability of the ob-
tained estimate.

These graphical dependencies show that the proposed al-
gorithm allows to increase the speed of information processing 
(reduce the number of computing operations) in special-pur-
pose geoinformation systems from 16 to 20 %, depending on 
the amount of information about the monitoring object.

This gain is explained by a complex combination not only 
of different types of data on the status of the monitoring 
object but also of the procedure of redistribution of compu-
tational operations among system resources.

The aforementioned research is a further development of 
the authors’ research, which is aimed at developing method-
ological foundations for improving the efficiency of data pro-
cessing in special-purpose geoinformation systems, published 
previously [26, 27]. The areas of further research should be 

aimed at reducing the computational cost of processing differ-
ent types of data in special-purpose geoinformation systems.

7. Conclusions

1. In the course of the research, the problem of complex 
processing of geospatial data was formulated.

During formalization of the task of complex processing 
of geospatial data, it is found that complex processing can be 
solved by the simultaneous use of the following approaches:

– allocation of SCP GSD resources to solve the problems 
of response to events of different types, taking into account 
their relative importance.

– minimizing the total time, which is necessary to 
complete another m-type response.

2. The algorithm of complex processing of geospatial 
data in special-purpose geoinformation systems in the condi-
tions of diversity and uncertainty of data is developed.

System of complex processing of geospatial data
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This algorithm allows to increase the speed of processing 
of different types of data in geoinformation systems due to the 
complex processing of geospatial data circulating in it. Com-
plex processing consists not only in the possibility of working 
with different types of information but also in the redistribu-
tion of computational operations among the system resources.

The difference of the proposed algorithm, which deter-
mines its novelty, is as follows:

– allows high-quality processing of large arrays of 
various types of data, both numerical and quantitative;

– has less computational complexity due to the redis-
tribution of computing operations;

– takes into account the degree of awareness of the 
condition of the monitoring object;

– allows complex processing and distribution of infor-
mation about the status of the monitoring object.

The proposed algorithm improves the processing speed 
of information in special-purpose geoinformation systems 
from 16 to 20 %, depending on the amount of information 
about the monitoring object.

The practical significance of the developed algorithm 
consists in the fact that the proposed algorithm will sig-
nificantly increase the efficiency of systems of complex 
processing of geospatial data in geoinformation systems.

The decision is formulated taking into account the re-
sults of forecasting the condition of the monitoring object 
on the basis of the forecasting method developed in [26].

3. The advantages of this algorithm include:
– the ability to rationally allocate the SCP GSD resources 

to solve the problems of response to events of different types, 
taking into account their relative importance;

– minimization of the total time, which is necessary to 
complete the task of responding to another m-type circum-
stance;

– the ability to predict the status of the monitoring object;
– limitation of the degree of human participation in the 

cycle of resource management of complex processing, as well as 
automatic determination of the variant of forming scenarios for 
solving the monitoring problems.

The disadvantages of this algorithm include:
– the need to process large amounts of data to determine 

the status of the monitoring object;
– lack of mechanisms for rejecting (sorting) unnecessary 

information during the object monitoring session.
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