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This paper reports a study into the special fea
tures of military (combat) activities at the present 
stage of military art development. The purpose was to 
subsequently define the basic requirements for recon
naissancefiring systems. The features under consi
deration are a rapid change in the situation, compe
tition with an enemy for winning in time, accuracy, 
maneuverability, secrecy. They also involve a large 
amount of data that must be operated when deciding  
on combat use (hostilities). Other attributes of mo dern 
military (combat) activities are the consistency of 
operations and a clear structure of subordination; 
independence in maintenance and positioning. These 
data are useful and important because they make it 
possible to reasonably define the requirements for 
reconnaissancefiring systems.

This paper has defined those requirements for 
reconnaissancefiring systems and such criteria for 
their selection that are predetermined by the specifi
city of military (combat) activities. The most impor
tant selection criteria include efficiency, accuracy, 
secrecy, robustness.

Several actual reconnaissancefiring systems 
have been analyzed in order to demonstrate the use of 
the methodology. Specifically, «Kropyva» (Ukraine), 
«ArtOS» (Ukraine), «ObolonA» (Ukraine), «So
kil» (Poland, Ukraine).

A procedure for justifying the choice of reconnais
sancefiring systems has been devised, taking into 
consideration the conditions of military (combat) 
activities, based on the method involving an analytic 
hierarchy process. A given procedure substantiates 
those selection criteria that were determined on the 
basis of patterns in modern military activities. 

From a practical point of view, the proposed 
metho dology makes it possible to significantly reduce 
the time for planning an operation and consider
ably improve the validity of decisions by a com
mander (chief) regarding the choice of a reconnais
sancefiring system and its further use in combat 
activities
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1. Introduction 

The results of the analysis of military conflicts in recent 
decades convincingly indicate the growing role of reconnais-
sance-firing systems (RFS). Thus, from Operation Desert 
Storm in 1991 [1] to the ATO Anti-Terrorist Operation (Joint 
Forces Operation) in eastern Ukraine [2, 3] the share of tar-
gets hitting has increased from 10–30 % to 50–90 %.

However, the increasing involvement of RFS in the 
implementation of tasks has revealed a series of issues that 
affect the effectiveness of their application.

Thus, one of the problems is to equip RFS with elements 
that have different capabilities. Namely, the inclusion of field 
artillery in RFS (such as missile forces and artillery), which 

can execute tasks at the intensity and probability of fulfillment 
far exceeding the capabilities of reconnaissance [4]. Or the in-
volvement of so many intelligence tools that significantly out-
weigh the throughput of control and data transfer units [5].

Another issue is a relatively rapid change in the charac-
teristics of targets in terms of mobility, secrecy, the ability to 
actively counteract. That manifests itself in that over a rela-
tively short period (even up to several days) the target can 
be modified so that the existing means of hitting it become 
impractical [1, 3–5]. 

The next significant problem, according to the authors 
of [5], is the lack of (not sufficient consideration) RFS func-
tioning stability. Quite often, when planning military (combat)  
activities, only static counteraction of the enemy is taken 



Control processes

61

into consideration, that is, one that depends only on the ca-
pabilities of the enemy without taking into consideration the 
actions [1, 3–7].

If these issues occur at the same time, they can complete-
ly neutralize the positive effect of using RFS and, in general, 
lead to organizational challenges. Such issues include the dif-
ficulty of choosing the most important RFS characteristics, 
the inability to determine the justified advantage of a certain 
RFS over another. Therefore, it is a relevant task to devise  
a procedure for such substantiation, given the growing role  
of RFS in conducting military (combat) operations.

2. Literature review and problem statement

Study [8] analyzes in detail the Russian Federation’s RFS 
and their elements and defines their capabilities and cha-
racteristics. In particular, the authors considered the follow-
ing elements: artillery fire control system 1B12 «Harkov»,  
portable radar station 1L120 «Credo-M1», portable coun-
ter-fire radar station 1L271 «Aistenok», PRP-4A Argus, 
counter-fire radar station 1L219M «Zoopark-1M», radar sta-
tion 1RL232-2M «SNAR-10M1», unmanned aerial vehicles: 
Orlan 10, Granat-4, Eleron-3SV. They analyzed the basic 
organizational and staff structures of RFS and characterized 
the main functional links among these structures. The me- 
thods of target acquisition were described. Although the 
study highlights the main requirements for RFS, based on 
which would-be RFS are to be designed (selected), the  
authors, however, disregarded approaches to such a choice.

Article [9] discusses the development of RFS elements 
such as artificial intelligence and unmanned aerial vehicles. 
A detailed analysis of the existing development programs of 
these fields in China compared to the USA is given. Interest-
ing in the cited article is the forecasting of the conditions for 
the use of RFS in future combat (military) activities. How-
ever, the article lists only general methodological approaches 
to the design (choice) of would-be RFS.

Paper [10] highlights an approach to improving the effec-
tiveness of rocker forces and artillery units by building RFS. 
The paper defines the indicators and the general procedure 
for their calculation based on the model of a generalized con-
sumer of information. In addition, the proposed model estab-
lishes the dependence of RFS efficiency on the composition 
and characteristics of its components. The paper considers 
only one RFS component – reconnaissance, and only one 
type of it, an unmanned aircraft complex, which significantly 
narrows the scope of the methodological approaches de-
scribed. Although the mathematical model of the generalized 
RFS consumer proposed in the paper makes it possible to 
evaluate the effectiveness of RFS but only by productivity, 
given the relative number of destroyed objects:

W
M n

N
=

( )
,  (1)

where M (n) is the mathematical expectation of the number 
of destroyed objects; N is the total number of objects identi-
fied for destruction. 

The use of that dependence could lead to significant in-
accuracies without additional consideration of the stability 
of RFS functioning.

Study [11] categorized existing RFS and introduced a new  
concept of «Situational reconnaissance and strike complex», 

as well as identified trends in the development of RFS and 
problems in their operation. In particular, the study defines 
ways to overcome the identified issues. One of the problems  
is the exclusion of information redundancy and oversatu-
ration of data in the RFS control tools. Another issue is to 
elimi nate contradictions and uncertainties in information for 
its unambiguous understanding. In addition, the problems 
are the organization of internal, in relation to the complex, 
information exchange; increasing the survivability of RFS 
and the robustness of its control system. However, the cited  
study does not substantiate the requirements for RFS, which 
leads to the impossibility of determining exactly those pro-
perties that most significantly affect the functioning of RFS 
during combat (military) activities. Although the study 
reasonably substantiates the need to design (choose) a situa-
tional RFS, however, there are no methodological approaches 
to justifying the choice of RFS for certain conditions.

Paper [12] highlighted the issue of improving intelligence 
in the interests of missile forces and artillery. In particular, 
the paper proposes the following ways: to improve the tac-
tics and technical characteristics of RFS components and 
techniques to process intelligence information. The paper 
does not consider what kind of tactics and technical charac-
teristics need to be improved, what exactly affects the effec-
tiveness of the use of RFS regarding the ways of information 
processing. Moreover, the cited paper also lacks methodolo-
gical approaches to the choice of RFS.

Article [13] discusses the role of RFS in the implemen-
tation of new network-centric concepts of combat (military) 
activities. In addition, the authors described their variant of 
the use of RFS. However, the article does not provide a mecha-
nism for justifying the choice of RFS depending on conditions.

Study [14] addresses the issue of RFS classification and 
identifies some issues related to their use. It is proposed to 
increase the capabilities of the reconnaissance subsystem, to 
identify enemy objects as one of the ways to solve the iden-
tified problems. It is also proposed to improve the level of 
automation of combat operations by firing means, processes 
of preparation, firing, and tactical autonomy. The authors also 
noted the need to build an automated control system that 
would enable real-time control over enemy destruction. In ad-
dition, they noted the need to ensure the joint stable function-
ing of all elements of the system under the conditions of infor-
mation redundancy and oversaturation of data in the means 
of control. However, no relationship between these problems 
and ways to solve them was shown. The set of RFS properties, 
which are the most important depending on the conditions of 
military (combat) activities, was not determined.

Although the above studies made a significant contribu-
tion to the development of theoretical approaches to the use 
of RFS, they, however, did not consider the issue of justifying 
the choice of RFS taking into consideration the conditions of 
military (combat) activities. 

Regarding the selection of a method that would provide 
both a justified and simple solution to the multicriteria prob-
lem of choice, it is proposed to consider the methods of cluster 
analysis, the analysis of hierarchies, as well as expert evalua-
tion [15–18].

The results of analyzing previous studies [19] indicate 
that the specified methods are quite popular among resear-
chers and are used in various fields of science.

Thus, the Analytic Hierarchy Process method and an expert 
evaluation method were applied in study [19]. Based on these 
methods, the cited study devised a procedure for improving the  
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effectiveness of solving the multicriterial problem of capacity as-
sessment in defense planning. In the study, the hierarchy analy-
sis method was used to conduct an expert assessment of capabi-
lities via comparing them pairwise according to certain criteria.

Paper [20] developed approaches to improving the me-
thods of testing and conformity assessment of specialized 
software for measuring equipment. The paper applied a hier-
archy analysis method for three levels of requirements for the 
software tool, which is an interesting, but, according to the  
authors, a complicated approach to compiling the require-
ments directly within the method.

Study [21] devised a procedure for comparative evalua-
tion of variants of the weapons sample according to a set of 
characteristics that define its military-technical level. The use 
of cluster analysis, expert evaluation, and a hierarchy analysis 
method in the cited study is due to the need to operate a rela-
tively large number of characteristics (requirements).

The methodical apparatus for assessing and managing 
the environmental safety of solid waste treatment processes 
through the use of expert and analytical procedures by the 
comprehensive application of a hierarchy analysis method was 
improved in [22]. This methodical apparatus comprehensively 
takes into consideration both the formation of environmental 
hazards and the justified and defined priorities of the necessary 
management measures and quantitative expert evaluation.

However, the use of these methods also has a series of limi-
tations. Thus, a cluster analysis method significantly depends on 
the scale of the measurement of attributes. That is, objects simi-
lar in most ways, but having significant differences one by one 
would be related to different classes, which is not always true. 

Regarding the application of a hierarchy analysis method, 
it should be noted that the result significantly depends on 
the formalization of criteria. That is, the wrong set of criteria 
could lead to significant errors in the results. Moreover, it is 
impossible to check the compliance with the criteria for the 
purpose of the study. That is, it is impossible to check and 
correct the results using the method itself.

As regards methods of expert evaluation, it should be 
noted that these methods have a high level of subjectivism. 
That is, the judgments by one expert have certain errors, and 
the coordination of the judgments by several experts without 
the consent of their competence could lead to even greater 
errors. At the same time, determining the competence and co-
ordination of expert judgments significantly complicates the 
computation and increases the likelihood of making mistakes.

Thus, the results of our analysis of the literary data indi-
cate a number of problems associated with studying the use 
of RFS. Thus, one of the most significant issues is the lack of 
methodological approaches to justifying the choice of RFS 
for certain conditions. Another problem is the lack of pro-
perties (selection criteria) of RFS, which are most important 
depending on the conditions of military (combat) activities.

In addition, the analysis of methods for solving multicri-
teria problems has revealed a series of problems associated 
with their application. Thus, the considered methods, when 
using them separately, would predetermine the high compu-
tational complexity, uncertainty in the formalization of input 
data, the subjectivism of the results. 

Based on this, it becomes possible to state a scientific 
problem. Its essence is the absence of a scientific and metho-
dological apparatus for justifying the choice of RFS, which 
could take into consideration the predefined conditions and 
would be based on such a combination of methods that could 
minimize errors.

3. The aim and objectives of the study

The aim of this study is to devise a procedure for justifying 
the choice of RFS taking into consideration the conditions of 
military (combat) activities. That would make it possible to 
increase the validity of the decisions by a commander (chief) 
regarding the choice of a reconnaissance-firing system and its 
further use in combat activities.

To accomplish the aim, the following tasks have been set:
– to formalize the procedure for justifying the choice  

of RFS;
– to define the input data for the procedure of justifying 

the choice of RFS;
– to analyze the results of calculating an example of the 

application of the procedure for justifying the choice of RFS.

4. Materials and methods to study the process  
of selection of reconnaissance-firing systems

Microsoft Excel 2010 software was used for calculations. 
To substantiate the properties (selection criteria) of RFS, 

which are the most important depending on the conditions 
of military (combat) activities, a cluster analysis method was 
used. The method of cluster analysis implies splitting a given 
sample of objects into subsets (clusters) so that each cluster 
consists of similar objects while objects from different classes 
differ significantly [15].

To obtain reasonable data on the priority of criteria to 
select and specify RFS, an expert evaluation method was 
used. The method of expert evaluation implies identifying  
a generalized assessment of the expert group by analyzing 
and processing individual independent assessments by ex-
perts who are part of the group [18]. Since an expert survey 
is a quantitative method of research, the number of persons 
in an expert group typically does not significantly affect the 
result. Therefore, a group of experts should not be too large, 
in order to be able to form a consolidated opinion as a result 
of the survey. An important factor when choosing experts  
is their competence.

Next, by ranking, the normalized coefficients of the im-
portance of expert judgments were determined. The essence 
of such ranking is the assessment by an expert of the level of 
his/her competence and the rest of the experts on the list. 
Next, generalization and rating expert assessments. Such an 
approach ensures an impartial determination of the expert’s 
competence and significantly reduces errors of judgments.

In general, an approach to determining the relative 
competence of experts during the aggregation of pairwise 
comparisons corresponds to the improved approach pro-
posed in [23]. Thus, the main components of the relative 
competence coefficient of the β-th member of an expert 
group Сβ are the self-estimate Сβ,с, the mutual assessment 
Сβ,a, and the objective component Сβ,о. General expression: 
Сβ = Сβ,с(Х1Сβ,a+Х2Сβ,о), where Х1 and Х2 are the relative 
weights of the objective and mutual assessment of compe-
tence of the members of an expert group [23]. Moreover, 
the mutual assessment is defined as the indirect value of the 
judgments by all experts Сβ,a. The parameter of the objective 
component Сβ,о is defined as the normalized value of such 
indicators as education and experience.

It should also be noted that a «snowball» approach was 
applied when selecting experts. The approach implies that 
the list of experts is compiled on the basis of recommen-
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dations from experts already included in the list [23]. This 
suggests that the weight coefficients Х1 and Х2 accept the 
same value of 0.5.

Questionnaires for the survey (Fig. 1, 2) include a pair-
wise comparison of the criteria for choosing RFS in order 
to determine the assessments of the vector of priorities.  
A pairwise comparison of the selected for the example of 
RVS is performed for each of the criteria. The comparison is 
performed in accordance with the values for a variant of the 
scale by T. Saaty [19] (Table 1).

Criterion Criterion 1 Criterion 2 Criterion 3 Criterion 4 
Criterion 1 1.0 1/K12 1/K13 1/K14 
Criterion 2 K12 1.0 1/K23 1/K24 
Criterion 3 K13 K23 1.0 1/K34 
Criterion 4 K14 K24 K34 1.0 

 
Fig.	1.	Expert	questionnaire	for	comparing	the	criteria		

for	choosing	RFS	to	determine	the	assessments		
of	the	vector	of	priorities

RFS designation RFS 1 RFS 2 RFS 3 RFS 4 
RFS 1 1.0 1/K12 1/K13 1/K14 
RFS 2 K12 1.0 1/K23 1/K24 
RFS 3 K13 K23 1.0 1/K34 
RFS 4 K14 K24 K34 1.0 

 
Fig.	2.	Expert	questionnaire	for	comparing	RFS		

in	relation	to	each	criterion

Table	1
Variant	of	the	T.	Saaty	scale

Variants of the name of the assessment  
in pairwise comparison

Value

Much better/much more important/has an absolute 
advantage

9

Much better/much more important/has a significant 
advantage

5

Better/more important/has an advantage 3

A little better/a little more important/has a slight 
advantage

2

Equal 1

Kij is the value of expert evaluation of the component for 
the i-th column of the j-th row. Moreover, experts enter data 
on K12, K13, K14, K23, K24, K34, the rest of the data, according to 
the essence of the method, are calculated as an inverse value. 

The generalization of the data was carried out by averag-
ing judgments using the coefficient of relative competence of 
the expert as a weight coefficient.

To summarize the expert evaluation data, a hierarchy ana-
lysis method was used. The hierarchy analysis method implies 
the decomposition of the problem into simpler components 
and further processing, by pairwise comparisons, the sequen-
ces of judgments by a decision-maker. As a result, the relative 
degree (intensity) of the interaction of elements in the hier-
archy can be expressed. These judgments are then expressed 
numerically. The method of hierarchy analysis includes pro-
cedures for the synthesis of multiple judgments, obtaining 
priority criteria, and finding alternative solutions [16, 17].

In accordance with the essence of the method, each 
expert compared the criteria (efficiency, accuracy, secrecy, 
stability) in a pairwise manner to determine the vector of 
priority of the criterion.

Next, we determined the assessment of the component 
of the eigenvector from the known formula for finding the 
average geometric value [16, 17, 19–22]:

K Kj iji

n
n= ∏ ,  (2)

where K j  is the evaluation of the eigenvector component for 
the i-th column of the j-th row; n is the number of columns 
in the matrix. 

Next, we normalized the assessment of the priority vector 
according to the estimation dependence [16, 17, 19–22]:

N
K

K
j

ij

ijj

m=
∑

,  (3)

where Nj is the value of the normalized assessment of the  
priority vector; m is the number of rows in the matrix. 

Next, to check the consistency of the opinions by experts,  
the parameters of the consistency index and the ratio of con-
sistency are determined according to estimation dependen-
ces (4), (5). It is necessary to pay attention to the consistency 
of the expert’s judgments. Thus, when the ratio of consisten-
cy exceeds 10 %, it is necessary to reconsider the judgment 
due to a significant discrepancy in the estimates [16, 17].

I
K N n

n

ijj

m

ji

n

=
( ) −

−
∑∑

1
,  (4)

where I is the consistency index. 
Accordingly, the ratio of consistency is determined [16, 17]:

W
I
r

= ,  (5)

where W is the ratio of consistency; r is the consistency 
index for a symmetric matrix; for matrix 4×4, this index  
is 0.9 [16, 17, 19–22]. 

Next, we determine the global priorities of RFS relative 
to each of the selection criteria by entering the values of the 
normalized assessments of the vectors of priorities for RFS 
in relation to each of the criteria and the normalized assess-
ments of the vectors of the criteria priorities into the table. 
The calculation of global priorities is carried out according to 
the known estimation dependence [16, 17, 22]:

G N Ngp pl

L

l= ∑ ,  (6)

where Ggp is an indicator of the global priority of a cer-
tain RFS; l is the number of the selection criterion; L is the 
number of selection criteria; Np is the value of the normalized 
assessment of the priority vector of a certain RFS relative to 
the selection criterion; Nl is the value of the normalized as-
sessment of the priority vector of a certain selection criterion.

5. Results of studying the process of selection  
of reconnaissance-firing systems 

5. 1. Formalization of the procedure for justifying the 
choice of RFS

The input data for a given procedure are the information 
about modern military (combat) activities, information on 
the tactics and technical characteristics of RFS, the number 
of experts, and the characteristics of their competence. 



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 1/3 ( 109 ) 2021

64

At the first step of the procedure, it is proposed to de-
termine the features of military (combat) activities at the 
present stage of the development of military art. Although 
this step may have steady results over a long time and can 
be considered as input data, it is proposed to consider it as  
a step of the procedure because it is quite difficult to predict 
a change in the characteristics of activities.

The next step is to define the requirements for RFS pre-
determined by the peculiarities of modern military (combat)  
activities. These requirements make it possible to form certain 
clusters of requirements, which, in the next step of the pro-
cedure, will make it possible to determine the pro perties (se-
lection criteria) of RFS depending on the characte ristics of 
activities.

In the next step, an expert assessment of the criteria for 
choosing RFS according to the questionnaire (Fig. 1) and 
generalization of the results in accordance with the number 
and competence of experts is carried out.

Next, at step 7, we assess the component of the eigen-
vector of each criterion and normalize the assessment of the 
priority vector of each criterion in step 8. The next two steps 
check the consistency of the results obtained. Thus, accord-

ing to estimation formula (4), the consistency index (step 9) 
is determined and, in accordance with formula (5), the ratio 
of consistency (step 10) is determined.

Step 11 checks the condition that the consistency ratio 
should not exceed 10 %. If this condition is not met, the va-
lues are checked; return to step 7. In the case when this con-
dition is met, proceed to step 12. In step 12, a pairwise com-
parison of RFS is carried out relative to each of the criteria.  
Moreover, calculations are carried out in accordance with 
estimation dependences (2) to (5). 

In step 13, global priorities are identified to determine 
RFS rating in accordance with the predefined conditions. 
Determination of global priorities is carried out according to 
estimation dependence (6).

The next step is to compare the values of the global pri-
orities of RFS and determine the advantage of a certain RFS 
relative to other RFS. One can present results as a chart, 
graph, or table. 

A general form of the flowchart of the procedure for 
justifying the choice of RFS taking into consideration 
the conditions of military (combat) activities is shown  
in Fig. 3.

 

Initial data 

 
criterion L 

 

 
……. 

 

 
criterion 2 

yes 
no 

Start 

Define peculiarities in military (combat) activities at the modern stage of military 
art development 
Define requirements for RFS predetermined by the peculiarities in modern 
military (combat) activities 

Pairwise comparison of defined criteria 

Define criteria for choosing RFS 

Determine the estimation of the eigenvector component 
of each criterion 

 

Normalize the criterion priority vector evaluation 

 

Determine consistency index 

 

Determine consistency ratio 

 

 

Calculation of global priorities  

Pairwise comparison of RFS with respect to  
criterion 1 

Check values 
 

Determine the best option for RFS in accordance with the accepted conditions 

End 

2 
3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

12а 

13 

14 

15 

1 

Fig.	3.	Flowchart	of	the	procedure	for	justifying	the	choice	of	RFS	taking	into	consideration		
the	conditions	of	military	(combat)	activities
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5. 2. Formation of input data for the procedure of justi-
fying the choice of RFS

The results of the analysis of military conflicts of recent 
decades [1–7, 24] and the possible future nature of war [25] 
make it possible to define those features in the military (com-
bat) activities that significantly affect the use of RFS.

Thus, one of the features is a quick change in the si-
tuation. For example, during the operations in Iraq, Af-
ghanistan, the anti-terrorist operation (ATO) (Joint Forces 
Operation) in the east of Ukraine [1–7, 24, 26], the situation 
was changing in ranges from a few minutes to several hours. 
That led to the fact that the control means did not even 
have time to display up-to-date information. The above 
directly predetermines an increase in the role of efficiency 
both in general during the operation and when executing  
tasks for RFS.

Another feature is a compre-
hensive competition with an ene-
my for winning in time, accuracy, 
maneuverability, secrecy. This 
feature was demonstrated during 
the military conflicts in Georgia 
and the unrecognized republic of 
Ichkeria [6, 27, 28]. This feature 
calls for a comprehensive con-
sideration of such properties as 
efficiency, accuracy, secrecy.

One more feature is the com-
plex hierarchical structure of 
RFS, a large amount of data, and 
their formality. Moreover, the 
specified structure of RFS may 
change during the operation, 
which predetermines an increase 
in attention to the stability of the 
functioning of such systems. This 
feature is inherent in all, with-
out exception, military conflicts 
of our time. This is most clear-
ly demonstrated in the fighting 
clashes between federal troops of 
the Russian Federation and the 
armed forces of the unrecognized 
republic of Ichkeria [6].

In addition, the peculiarities 
of military (combat) activi ties 
should include the dispersal of 
units and an increase in the vo-
lume of tasks. This feature was 
inherent in the activities in Iraq, 
Afghanistan, ATO in eastern 
Ukraine [1–7, 24]. This feature 
predetermines increased atten-
tion to the stability of the func-
tioning of both separate units 
and RFS in general.

Thus, the special features of 
military (combat) activities that 
significantly affect the results of 
a military conflict are a rapid 
change in the situation; compe-
tition with an enemy for win-
ning in time, accuracy, maneu-
verability, secrecy. In addition, 

these features include the formalized service information; 
relatively large amount of data that must be operated when 
deciding on combat use (hostilities). In addition, the fea-
tures include the consistency of actions and a clear structure 
of subordination; relative autonomy in terms of provision  
and location.

Based on the special features of military (combat) acti-
vities, it is possible to identify the criteria that most signifi-
cantly affect the functioning of RFS using cluster analysis. 

The structuring of the above requirements and its fur-
ther analysis involving the splitting into clusters makes it 
possible to define the criteria for the selection of RFS taking 
into consideration the peculiarities of military (combat) ac-
tivities (Fig. 4).

Thus, the most important selection criteria include effi-
ciency, accuracy, secrecy, stability.

 

Features of military 
(combat) operations 

Requirements for RFS RFS selection criteria 

speed of change of 
situation 

time win 

formality of service 
information 

large amount of data 

consistency of actions 
and a clear structure of 

subordination 

autonomy in provision 
and location 

ability to perform tasks in conditions 
of change of input data 

reducing the time of transfer of 
information from intelligence means 
to controls 
reducing the time of information 
transmission from control means to 
firepower 
reducing the time of information 
processing by control tools 
increasing the accuracy of 
determining the coordinates  
increasing the accuracy of 
information transfer between 
functional links 
increasing the accuracy of 
information 
increasing the speed of position 
change 
increasing the speed of preparation 
for tasks 
providing camouflage 
ensuring the security of information 
transmission 
the need to use the same forms of 
information transmission 

the need to use information and 
communication technologies 

ability to maintain functional 
readability  

ability to incorporate into various 
organizational and functional 
structures 
ability to function in the absence of 
management (uncertainty)  

ability to ensure the functioning of 
RFS with the necessary resources 

win in accuracy 

win in maneuverability 

winning in secrecy 

Stability 

Efficiency 

Accuracy 

Secrecy 

Fig.	4.	Scheme	of	interrelation	between	the	peculiarities	of	military	(combat)	activities	
and	the	criteria	for	RFS	selection
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Moreover, the efficiency in the current study is under-
stood as the ability to implement functions under two condi-
tions, in particular: the ability to implement functions earlier 
than the enemy and before a task is irrelevant. 

In general, «efficiency», as well as other selection criteria, 
are the properties of RFS. This makes it possible to match the 
selection criteria with the requirements for RFS stated in the 
guidelines and methodological documents.

Hereafter, «accuracy» means the ability to implement 
functions within the established tolerances. 

The criterion of «secrecy» is understood as the ability to 
perform functions without signs that can be detected by the 
enemy. The criterion of «stability», in this study, is under-
stood as the ability to perform functions under the influence 
of negative factors.

The next element of the input data is the tactics and 
technical characteristics of RFS. Several RFS were selected 
for our calculations, taking into consideration the available 
information about them and similar characteristics (we 
selected RFS of type C2-C2SR). Thus, for further calcula-
tions, the following RFS were chosen: «Kropyva», «ArtOS»,  
«Obolon-A», «Sokil». 

The main purpose of the combat control system of the 
tactical unit «Kropyva» is the automation of individual con-
trol tasks at the level of battalion (division), company (bat-
tery), platoon, a separate unit of equipment (gun) [29].

The purpose of the hardware-software complex of the 
automated fire control unit of the artillery unit «ArtOS» is to 
manage the artillery units in the link «battery commander –  
senior battery officer – gun commander – gunner» in an auto-
matic mode [30].

The automated control system «Obolon-A» is designed 
to control in automated mode the movement of the unit on 
the march, the deployment of batteries (firearms) from the 
march to arbitrary firing positions. The division’s fire con-
trol complex can simultaneously process information about 
dozens of targets at once, working with its own and added 
ground and air reconnaissance means, as well as with infor-
mation from the senior chief [31, 32].

The reconnaissance and strike complex «Sokil» is de-
signed to find and defeat the target, using, depending on the 
tasks, ammunition of explosive, explosive and thermobaric 
action [33, 34]. The analysis of data in Table 2 makes it 
possible to generally assess the advantages and limitations 
of each RFS in accordance with the selection criteria (effi-
ciency, accuracy, secrecy, stability). However, it is impossible 
to unequivocally identify the best or worst option. These 
data are initial for experts in addition to their experience and 
knowledge, in order to conduct assessments.

The next block of input data concerns experts and their 
competence. Thus, during the survey, a list of 30 experts was 
compiled, which ensures the minimum possible level of statis-
tical error (the number of studies (judgments) exceeds 20). 

A generalized description of the competence of experts is 
given in Table 3.

Table	3

Generalized	description	of	experts’	competence

Expert 
No.

Self-es-
timation 

Сβ,с

Averaged 
mutual 

assessment 
Сβ,a

Objective 
compo-

nent Сβ,о

Coefficient of rela-
tive competence of 
the β-th member of 
the expert group Сβ

1 0.7 0.9 0.8 0.595

2 0.8 0.6 0.7 0.52

3 1 0.9 1 0.95

4 0.5 0.7 0.5 0.3

5 0.6 0.8 0.9 0.51

6 0.8 0.9 1 0.76

7 0.9 0.8 0.9 0.765

8 0.6 0.5 0.8 0.39

9 1 1 1 1

10 0.9 0.9 1 0.855

11 0.7 0.8 0.8 0.56

12 0.9 0.6 0.5 0.495

13 0.6 0.7 0.9 0.48

14 0.6 0.8 0.7 0.45

15 1 0.9 0.8 0.85

16 0.5 0.5 0.5 0.25

17 0.8 0.6 0.9 0.6

18 0.6 0.6 0.7 0.39

19 0.9 0.8 0.7 0.675

20 1 0.7 0.8 0.75

21 1 0.8 1 0.9

22 0.6 0.6 0.5 0.33

23 0.7 0.8 0.9 0.595

24 0.9 0.8 0.9 0.765

25 0.6 0.7 0.6 0.39

26 0.5 0.4 0.7 0.275

27 0.7 0.7 0.8 0.525

28 1 1 1 1

29 0.8 0.9 0.8 0.68

30 1 1 0.7 0.85

5. 3. Analysis of the calculation results for 
an example of the application of the procedure 
for justifying the choice of RFS

In accordance with the proposed proce-
dure (Fig. 3), we generalized the judgment of 
experts taking into consideration their com-
petence in relation to the criteria for choos-
ing RFS; the results are given in Table 4.

The results of the analysis of Table 4 indi-
cate the priority of such a criterion as stability 
while efficiency has the lowest priority. This fact 
can be explained by that efficiency generally 
affects the effectiveness of a particular task, and 
stability – efficiency during the operation. The 

Table	2

Tactical-technical	characteristics	of	reconnaissance-firing	systems

Characteristic
Reconnaissance-firing system

Sokil Kropyva Obolon-A ArtOS

Reconnaissance depth, km to 50 to 100 to 150 to 100

Range of defeat, km to 30 to 60 to 120 to 60

Detection-defeat cycle time, min to 10 to 10 to 15 to 5

Probability of detection (defeat) of sys-
tem elements in the period of 10 min after 
the beginning of active functioning

0.5 0.5 0.7 0.3

The standard deviation of the coordinates 
of detection (defeat) of the target, m

25 10 50 10
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consistency ratio does not exceed 10 %, so we applied a pair-
wise comparison of RFS relative to each of the criteria similar 
to formulae (2) to (5) illustrated by Tables 5–8.

Our analysis of the results of RFS pairwise compa-
rison relative to the criterion «efficiency» (Table 5) in-
dicates that the best option is the ArtOS RFS. This re-
sult can be explained by the fact that the specified RFS 

works with the Internet; accordingly, it has the highest res- 
ponse speed.

The results of our analysis of the pairwise comparison of 
RFS relative to the criterion «accuracy» (Table 6) indicate 
that the worst option is the Kropyva RFS. This is due to the 
fact that the specified RFS uses interpolated firing tables, 
which significantly reduces accuracy.

Table	4
Table	of	pairwise	comparison	of	RFS	selection	criteria

Criterion Efficiency Accuracy Secrecy Stability Eigenvector component estimate Priority vector normalized estimate

Efficiency 1.0 0.5 0.3 0.3 0.561 0.130

Accuracy 2.0 1.0 0.5 0.5 0.871 0.202

Secrecy 3.0 2.0 1.0 0.5 1.246 0.288

Stability 3.0 2.0 2.0 1.0 1.644 0.380

Total 4.3 1

Note: Consistency index is 0.09. Consistency ratio is 10 %.

Table	5
Table	of	RFS	pairwise	comparison	relative	to	the	criterion	«efficiency»

RFS designation Sokil Kropyva Obolon-A ArtOS Eigenvector component estimate Priority vector normalized estimate

Sokil 1.0 0.5 0.5 0.3 0.537 0.123

Kropyva 2.0 1.0 0.7 0.5 0.904 0.207

Obolon-A 2.0 1.5 1.0 0.7 1.189 0.273

ArtOS 3.0 2.0 1.5 1.0 1.732 0.397

Total 4.4 1

Note: Consistency index is 0.003. Consistency ratio is 0 %.

Table	6
Table	of	RFS	pairwise	comparison	relative	to	the	criterion	«accuracy»

RFS designation Sokil Kropyva Obolon-A ArtOS Eigenvector component estimate Priority vector normalized estimate

Sokil 1.0 2.0 1.4 0.7 1.175 0.269

Kropyva 0.5 1.0 0.5 0.5 0.595 0.136

Obolon-A 0.7 2.0 1.0 0.3 0.827 0.189

ArtOS 1.5 2.0 3.0 1.0 1.732 0.396

Total 4.3 1

Note: Consistency index is 0.02. Consistency ratio is 2 %.

Table	7
Table	of	RFS	pairwise	comparison	relative	to	the	criterion	«secrecy»

RFS designation Sokil Kropyva Obolon-A ArtOS Eigenvector component estimate Priority vector normalized estimate

Sokil 1.0 1.4 2.0 0.3 0.988 0.228

Kropyva 0.7 1.0 1.4 0.5 0.841 0.195

Obolon-A 0.5 0.7 1.0 0.5 0.647 0.149

ArtOS 3.0 2.0 2.0 1.0 1.861 0.428

Total 4.3 1

Note: Consistency index is 0.03. Consistency ratio is 3 %.

Table	8
Table	of	RFS	pairwise	comparison	relative	to	the	criterion	«stability»

RFS designation Sokil Kropyva Obolon-A ArtOS Eigenvector component estimate Priority vector normalized estimate

Sokil 1.0 0.3 0.7 0.3 0.522 0.120

Kropyva 3.0 1.0 1.4 0.7 1.300 0.298

Obolon-A 1.5 0.7 1.0 0.5 0.851 0.195

ArtOS 3.0 1.5 2.0 1.0 1.732 0.397

Total 4,4 1

Note: Consistency index is 0.01. Consistency ratio is 2 %.
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Our analysis of the pairwise comparison of RFS relative 
to the criterion of «secrecy» shows that the best option is 
the ArtOS RFS while the worst is the Obolon-A RFS. This 
result is explained by the fact that ArtOS is based on portable 
mobile devices and can use related information. At the same 
time, Obolon-A is based on automotive technology, which 
significantly affects secrecy.

The results of our analysis of the pairwise comparison of 
RFS relative to the criterion «stability» (Table 8) indicate 
that the best option is the ArtOS RFS while the worst is the 
Sokil RFS. This can be explained by the fact that ArtOS uses 
high-order data encryption, with the ability to work both 
on a local network and a global one (such as the Internet). 
At the same time, the stability of the Sokil RFS depends on 
the stability of UAV, which also acts as both a reconnaissance 
vehicle and a means of destruction.

Next, data from Tables 4–8 were summarized in Table 9; 
calculation formula (6) was used to define global priorities 
regarding RFS relative to each of the criteria.

Table	9
Table	for	defining	the	global	priority	metric		

for	each	selection	criteria

Alternative

Criterion

Global 
priority

efficiency accuracy secrecy stability

priority vector numerical value

0.130 0.201 0.288 0.380

Sokil 0.123 0.269 0.226 0.120 0.181

Kropyva 0.207 0.136 0.193 0.298 0.223

Obolon-A 0.273 0.189 0.148 0.195 0.191

ArtOS 0.397 0.397 0.427 0.397 0.406

The results of our analysis of the obtained data show that 
the hardware and software complex of automated fire control 
of the artillery unit ArtOS has a significant advantage com-
pared to other similar means, from 17 to 22 % (Fig. 5). Accord-
ingly, the worst version of RFS is Sokil with almost the same 
result (better by 1 %) demonstrated by the Obolon-A RFS.

0

0.1

0.2

0.3

0.4

0.5

Sokil Kropyva Obolon-A ArtOS

Fig.	5.	Results	of	RFS	selection	using	the	proposed	
procedure

Such results are explained by an integrated approach to 
taking into consideration the requirements for the design 
of ArtOS. As for other RFS, it should be noted that despite 
similar tactics and technical characteristics, each of these 
RFS has certain shortcomings for at least one of the criteria. 

In general, the calculation of the example shows that 
a given procedure could provide for a reasonable choice of 
RFS for certain conditions in accordance with reasonable 
selection criteria.

In addition, this procedure is based on such a combina-
tion of the methods of cluster analysis, expert evaluation, and 
hierarchy analysis, which predetermines a decrease in errors 
in the results.

6. Discussion of results of devising a procedure for 
justifying the choice of reconnaissance-firing systems

An algorithm for substantiating the choice of RFS has 
been proposed that takes into consideration certain condi-
tions (Fig. 3). This algorithm is based on the combination 
of methods of cluster analysis, expert evaluation, and hier-
archy analysis. This combination was applied to eliminate 
the shortcomings of these methods, in particular, the high 
computational complexity, uncertainty in the formalization 
of input data, subjectivism of results.

The high direct computational complexity, which is in-
herent in the method of hierarchy analysis, was overcome 
using only one level of hierarchies, which became possible by 
using cluster analysis to form the input data. Uncertainty in 
the formalization of input data was overcome by using expert 
evaluation and the coordination of expert judgments. The 
subjectivism of the results was overcome using a hierarchy 
analysis method and the coordination of experts’ opinions in 
accordance with their competence (Table 3).

The advantages of this approach are that combining the 
methods of expert evaluation and hierarchy analysis produ-
ces the coordination of the results twice. Thus, when filling 
out questionnaires (Fig. 1, 2), the consistency of judgments 
of one expert is checked, accordingly, the parameters of the 
consistency index and the ratio of consistency according to 
estimation dependences (4), (5) are determined. Next, the 
judgments of all experts are agreed upon, taking into con-
sideration the weight coefficient of each expert. This fact 
significantly reduces the subjectivism of the results.

Regarding the limitations of the use of the algorithm for 
justifying the choice of RFS taking into consideration certain 
conditions (Fig. 3), it should be noted the need to apply it to 
RFS of one class.

The limitation of this algorithm is the imperfection of 
the data refinement procedure (Fig. 3, step 12a). At the same 
time, this may define a further direction of research and im-
provement of the proposed algorithm (procedure).

We have defined a set of criteria for choosing RFS (Fig. 4), 
which is based on the cluster analysis of the requirements 
for RFS predetermined by the peculiarities of modern mili-
tary (combat) activities. This set makes it possible to reason-
ably approach the analysis of the tactics and technical cha-
racteristics of RFS (Table 2) and the application of evaluation 
by experts in accordance with their competence (Table 3). 
It also resolves the issue of the lack of criteria for choosing 
RFS, which are most important depending on the conditions 
of military (combat) activities.

The advantages of the obtained set of criteria for choos-
ing RFS include their relation to the requirements pre-
defined by the specified features of modern military (combat) 
activities (Fig. 4). It should also be noted that this set in-
cludes only four elements (Table 4), which greatly simplifies 
calculations while maintaining the completeness of coverage 
of the properties of RFS functioning.

Restrictions on the use of this set are the features of mili-
tary (combat) activities. That is, when changing the features 
or the emergence of new ones, it is necessary to reconsider 
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the defined totality. It should also be noted that the above set 
can adequately be applied only to RFS of one class. It should 
also be noted that in the case when the number of experts is 
less than 20 the statistical error in operating the specified set 
of criteria may increase significantly.

The limitation of this set is a certain interdependence of 
criteria, which somewhat affects the results. In the future, it 
is proposed to investigate the correlation functions of these 
criteria and apply them in the procedure.

In addition, a limitation to be considered is a significant 
amount of work to compile a circle of experts and determine 
their competence.

The next task of our study was to analyze the results of 
calculating an example of the application of the procedure for 
justifying the choice of RFS. The result obtained is the defined 
quantitative parameter of the advantage of a certain RFS, in 
particular, the ArtOS RFS, compared to other RFS (Fig. 5, 
Table 9). This result is based on a combination of the algorithm 
for justifying the choice of RFS (Fig. 3), a set of criteria for 
choosing RFS (Fig. 4), and the combination of methods of 
cluster analysis, expert evaluation, and hierarchy analysis.

In general, our result makes it possible to overcome the 
problem related to the inability to define the justified advan-
tage of a certain RFS over another. 

The advantage of this result is the possibility to quantify 
the advantage of one RFS relative to another. 

The limitation is that this result can be used only for the 
conditions of modern military (combat) activities with their 
peculiarities.

Another limitation is that this result does not take into 
consideration other RFS from other classes. However, this 
may become the direction of further research. 

It is important to realize that the current study is focused 
on the development of a procedure for justifying the choice of 
RFS; the calculations were performed to confirm its perfor-
mance. Although the results of practical calculations give an 
interesting result, however, the main task is, nevertheless, the 
development of a scientific and methodological apparatus.

In general, the totality of our results indicates the deve-
lopment of a procedure for justifying the choice of RFS taking 
into consideration the conditions of military (combat) activities.  
The procedure includes an algorithm (Fig. 3), input data: 
selection criteria (Fig. 4), the tactics and technical characteris-
tics of RFS (Table 2), and the competence of experts (Table 3). 
This technique has been tested for operability by considering 
an example of choosing RFS (Tables 4–9) leading to an ade-
quate result (Fig. 5), confirmed by the judgments of experts.

In general, such a scientific result makes it possible to 
overcome the shortcomings that are found both in the prac-
tical and theoretical aspects. 

Regarding the advantages of our procedure, it is necessary 
to note its relative simplicity. After all, it can be used without 
additional formalization for the consumer. In addition, this 
technique does not require special skills of the researcher for 
its use. Another advantage of this procedure is its modularity, 
that is, the ability to replace certain blocks with others, more 
appropriate for the conditions of a particular operation.

Another advantage is the ability to process data that 
does not have clearly defined quantitative estimates. These 
data include the speed of change in the situation; winning 
in time, maneuverability, secrecy; the formality of service in-
formation. In addition, the data that are difficult to describe 
quantitatively include the consistency of actions and clarity 
of subordination structure; the relative autonomy in terms 

of provision and location. That is, these data show signs of 
fuzziness or discrepancy of indicators but, with the help of 
our procedure, they can be taken into consideration to obtain 
a reasonable result.

The advantages also include the direct linking of the 
criteria for choosing RFS to the peculiarities of military 
(combat) activities. 

Restrictions on the use of this procedure are that at this 
stage of research only RFS of one class can be evaluated. 
However, given the modularity of this technique, this can be 
easily corrected by developing an appropriate scientific and 
methodological apparatus. Another limitation is the manda-
tory consideration of the features of exactly the operation 
where it is planned to use RFS.

In general, regarding the shortcomings of the current 
study, it should be noted that it is aimed at developing a pro-
cedure for choosing RFS, which, in some way, echoes the as-
sessment of the effectiveness of the use of RFS, but this is not 
the case. It is clear that testing the effectiveness of the use of 
RFS in particular through the mathematical expectation of 
the number of hit targets would be appropriate. However, the 
lack of such a procedure for evaluating the effectiveness of 
RFS, according to the criteria chosen in this study, makes it 
impossible. Moreover, taking into consideration the number 
of targets, their types of means of destruction adds significant 
uncertainty and requires a separate study of the effectiveness 
of the use of RFS.

7. Conclusions

1. An algorithm to substantiate the choice of RFS taking 
into consideration certain conditions has been proposed. Its 
essence implies the structuring of steps to cluster the input 
data, to process expert judgments taking into consideration 
their competence, and to analyze these judgments using  
a hierarchy analysis method. The special features of this algo-
rithm are the use of a certain amount of input data that have 
high-quality value and signs of fuzziness. Distinctive features 
of this algorithm are such a combination of cluster analysis, 
expert evaluation, and hierarchy analysis methods, which 
could eliminate the existing shortcomings of these methods. 
In particular, high computational complexity, uncertainty 
in the formalization of input data, subjectivism of results. 
The scope of this algorithm is determined by the method for 
justifying the choice of RFS, taking into consideration the 
conditions of military (combat) activities.

2. A set of criteria for choosing RFS has been built. The 
result implies defining such criteria for the choice (pro-
perties of functioning) of RFS, which reflect the ability to 
perform tasks for its intended purpose. The peculiarity and 
distinctive feature of this set is that it is based on the cluster 
analysis of the requirements for RFS predetermined by the 
peculiarities of modern military (combat) activities. This 
feature makes it possible to overcome the problem of the 
absence of such criteria for choosing RFS that are the most 
important depending on the conditions of military (combat) 
activities. The area of practical application includes research 
of issues related to the choice, evaluation of efficiency,  
design of RFS.

3. A quantitative parameter of the advantage of a certain 
RFS, in particular, the ArtOS RFS, compared to other RFS, 
has been determined. This advantage, for the conditions of 
modern activities, is from 17 to 22 %. The peculiarity and 
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distinctive feature of this result is its quantitative value. Due 
to this feature, it was possible to resolve the issue related to 
the inability to determine the justified advantage of a certain 

RFS over another. The scope of this result is the practical ac-
tions of commanders (chiefs) in planning military (combat) 
activities.
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