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JUSTIFICATION OF THE METHOD OF EVALUATION  

OF THE EFFICIENCY OF AIR RECONNAISSANCE BY UNMANNED 

AVIATION OF GROUND (SEA) OBJECTS 

 

Abstract. The paper considers the issues of assessing the effectiveness of air reconnaissance of 

ground (sea) objects by unmanned aerial vehicles. It is established that the main factors 

influencing the ability of air reconnaissance are the payload of the drone, the height and speed of 

its flight, the ability to transmit the information received. The main definitions that are the basis 

of the obtained results are given. Tasks for further research are set. 

Keywords: unmanned aerial vehicle, efficiency, efficiency, reliability, completeness, target effect, costs 

 

Introduction. At present, the conduct of air reconnaissance of land and sea 

objects by unmanned aerial vehicles involves the receipt of information by 

electronic means.  

Relevant requirements are set for the information received, ie it must meet the 

relevant quality criteria. At the same time, the issue of objective evaluation of the 

obtained results, ie obtaining an answer to the optimality of the measures taken, 

becomes especially relevant. Based on the results of the assessment, a decision 

should be made on the expediency of making changes to the configuration of 
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intelligence tools and their justification. 

It should be noted that a feature of air reconnaissance is the limited payload 

and internal volume of unmanned aerial vehicles. Some of the reconnaissance 

equipment can be taken outside the drone, which will partially solve the problem of 

useful internal volume. But this decision reduces the flight characteristics of the 

reconnaissance vehicle, increases its visibility and causes other negative 

phenomena. In addition, payload issues will not be resolved. 

Therefore, it is necessary to resolve the contradictions between the quality of 

the information received and the fee for receiving it. 

Based on the above work, devoted to the substantiation of the methodology for 

assessing the effectiveness of air reconnaissance by unmanned aerial vehicles of 

ground (sea) objects, is relevant. 

Literature review. Operation of aviation unmanned reconnaissance 

complexes means receiving the necessary information available on board the 

electronic means of reconnaissance, its storage, processing and issuance to the 

consumer in easily digestible form (use of reconnaissance complexes for their 

intended purpose). In addition, an integral part is the technical diagnostics and 

control of the parameters of reconnaissance equipment during the tasks (technical 

operation), for example - in order to timely disable the disabled, including to save 

energy resources. This material is set out in detail in a number of works, such as  

[1-57]. 

In the given sources questions of reception and processing of the information 

are considered, errors of the used methods and the basic factors influencing the 

received results, specificity of work of electronic means and means of diagnostics 

(control) of their parameters are estimated.  

It is shown that the modern development of the element base and computational 

capabilities allow the implementation of most modern methods and algorithms for 

obtaining information by means of electronic intelligence for special purposes of 

space monitoring. 

It is established that at this time no electronic means of intelligence can provide 

full-fledged continuous receipt of information about objects of interest in any 



 

SCIENTIFIC TRENDS AND TRENDS IN THE CONTEXT OF GLOBALIZATION  

474 

circumstances. Elimination of this shortcoming is possible only by using systems 

that use data from electronic (radio, radio, radar) and optoelectronic intelligence, 

and therefore the most promising direction of obtaining information about objects 

of interest is the creation of combined active-passive systems with joint processing 

of information. 

The basic tendencies of development of unmanned aerial vehicles, and also 

means, methods and ways of electronic reconnaissance, diagnostics and control are 

defined. 

However, these sources do not provide data on the evaluation of the value of 

the results obtained, and therefore there are no evaluation criteria. The 

characteristics of the accuracy of measurements given in these works do not fully 

allow us to assess the value of information results. 

The purpose of the work is development of the method for assessing the 

effectiveness of air reconnaissance by unmanned aerial vehicles of ground (sea) 

objects 

Main material. According to ISO 9000: 2015 (Quality management systems, 

Fundamentals and vocabulary) efficiency is the ratio between the achieved result 

and the resources used. 

In connection with the above costs will be understood as the cost of all types 

of resources for air reconnaissance, which can be estimated in both physical and 

monetary terms. In the latter case, they act either as running costs or as capital costs. 

Thus, the research task can be considered to find opportunities for optimal cost 

conversion into the results of air reconnaissance (information received). This 

determines the importance of comparing costs and results. Cost estimation is 

complicated by the time factor: the same amount of costs incurred in the past, present 

and future is estimated differently. 

Mathematically, the efficiency indicator is the ratio: 

C

W
E =

,       (1) 

where W – is the effect indicator; 

C – cost indicator. 
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The value of W can be represented in value or material forms. However, if it is 

presented in physical form, the possibilities of comparison based on the indicator E 

of different activities are significantly limited, because it becomes incomparable. In 

the case of value expression W, there are no restrictions on the comparability of 

different options. 

The effectiveness of air reconnaissance can be divided into two types: absolute 

and comparative (relative). 

Absolute efficiency is the ratio of the increase in efficiency, reliability or 

completeness of the information obtained (or combinations thereof) to the cost 

(capital investment). 

Relative (comparative) efficiency is calculated by choosing from two or more 

options for solving a particular problem and characterizes the benefits of one option, 

calculated by comparing total costs. 

When determining the effect and costs in order to calculate the efficiency, it is 

necessary to take into account the time factor. This is due to the fact that both the 

costs and the effect are generally distributed over time, so the same costs incurred 

by the entity at different times are not equivalent. To take into account the time 

factor, it is possible to use the procedure of bringing the cost system to a certain 

point in time T, expressed by the relations: 

( )K СT

i

i

T
T i

= +
=

−
1

1 
,      (2) 
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T
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0
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1= +
=

− 
.      (3) 

where  is some value 0 < <1; 

Ci - costs at time i. 

In the most general form, the task of choosing an effective option can be 

formulated in the following two ways: 

a) as a task of resource allocation: 

,      (4) 

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b) as a task to minimize costs: 

 ,      (5) 

where X – is a vector characterizing different variants; 

g (x) = 0 – constraints that determine the possible options. 

 

Therefore, the task of assessing the effectiveness of air reconnaissance can be 

formulated as follows. There are many options for completing unmanned aerial 

vehicles with reconnaissance equipment. It is necessary to choose one of them in 

some sense the most appropriate. Based on the above, this task can be represented 

as (4) or (5), as a task to maximize the target effect at fixed costs or minimize costs 

when reaching a given level of target effect. 

In practice, it is often not possible to formalize the dependences C(x), W(x), 

g(x) due to the complexity of these dependencies. Therefore, many options can be 

characterized by numerical values of the effects and costs (Wi and Ci), where i – is 

the option number. 

If for any two options there is a relationship: 

W1 > W2, C1 < C2 ,      (6) 

then the second option can be immediately excluded from the list of considered 

options as clearly impractical. Then for all the remaining options, the relationship 

will be: 

Wi > Wj , Ci > Cj .       (7) 

Much more logical is the approach, according to which one of the indicators, 

such as W, all compared options are compared. Formally, this procedure can be 

expressed in the form: 

W1 + W1 = W2 + W2 = ... = Wn + Wn = W,   (8) 

where Wi – is the increase in the effect of the i-th option, obtained by comparing 

the options. 
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In this case, for each option you need to make additional costs in the amount 

of Сi, and the best option to choose the criterion: 

.      (9)  

The advantage of this approach is that the solution of the problem has both a 

clear effect that will be achieved and the costs that will be required. In addition, it is 

clear how the best option differs from the alternatives. 

Note that the above criterion (9) is a criterion of relative efficiency, because it 

requires a comparison of all options. As you know, finding min (Ci + Ci) can be 

reduced to a sequence of paired comparisons (the calculation of differences): 

Eij= [( Ci + Ci) – ( Cj + Cj)].    (11) 

The value of Eij characterizes the relative efficiency of option j relative to 

option i. It is easy to see that this criterion is completely equivalent to the criterion 

j
jiE max

,       (12)  

moreover, the final result does not depend on the initial choice of the basic 

option i, because the obtained optimal option is optimal for all others considered. 

The formation of the criterion of efficiency involves a joint analysis of the 

target effect and the cost of obtaining it. Therefore, to analyze the effectiveness, it 

is necessary to select indicators of the target effect and costs that correspond to the 

conduct of air reconnaissance. 

Important criteria for assessing the effectiveness of air reconnaissance can be 

considered its efficiency, reliability and completeness, or a combination thereof. 

Under the efficiency of air reconnaissance we will understand the function of 

timeliness (the probability of timely processing of data, considered as a function of 

a given time). Probability of timely data processing - the probability that the data 

processing time will not exceed the specified (the value of the timeliness function). 

The time measure of efficiency is the average data processing time, which is a 

mathematical expectation of data processing time. 

The reliability of air reconnaissance will be understood as the degree of 

objective correspondence of the received intelligence information to the actual state 

of the reconnaissance object. Important characteristics of reliability are 

( )
i

ii minCC +
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probabilities: correct and incorrect detection of objects, their correct non-detection 

and non-detection (omission). 

Completeness of air reconnaissance will mean the ratio of correctly identified 

objects to the total number of reconnaissance objects. 

Thus, further research should be aimed at obtaining relationships that 

characterize the efficiency, reliability and completeness of air reconnaissance, 

depending on the available reconnaissance equipment. It should be borne in mind 

that the payload of the drone, the height and speed of its flight impose restrictions 

on the number of reconnaissance vehicles and their range. In addition, the efficiency, 

reliability and completeness are affected by the ability to transmit information. 

Conclusions. 

1. The method of assessing the effectiveness of air reconnaissance by 

unmanned aerial vehicles of land (sea) objects proposed and substantiated on the 

paper. 

2. It is established that the efficiency, reliability and completeness, which are 

the target effect of the optimization tools used, should be used as criteria for 

assessing the effectiveness of air reconnaissance. 

3. Further research should be aimed at obtaining relationships that characterize 

the efficiency, reliability and completeness of air reconnaissance and their 

interrelationship, depending on the available reconnaissance equipment. 
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