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Together with the intensity of development in the field of technology of unmanned platforms
and their effective use for solving various tasks of peacetime and war, the requirements for
the training of the operator managing the platform also increase. This fully applies to
personnel providing the flight of manned means. Nevertheless, there are significant
differences in the requirement of operator preparedness for an unmanned platform. This is,
first of all, control in conditions of remoteness from an unmanned platform, orientation on
the display of the control panel, delays in the passage of information, and possibly a
complete loss of communication. In such conditions, the requirements for the reaction time
of the operator increase, he must also have the ability to anticipate the development of the
situation, be able to work with available equipment for a long time. These and several other
criteria determine the general criterion of operator productivity, which is introduced in the
work. The productivity criterion is a linear convolution function of particular criteria with
some weighting factors, the exact values of which are unknown. A detailed analysis of
particular criteria made it possible to establish their inconsistency and heterogeneity. The
article proposes an approach that allows us to eliminate the inconsistency of local criteria
by separately calculating weight coefficients for each part based on the hierarchy analysis
method. The basic properties of the proposed approach are also given; modeling confirms
the correctness of the solutions. This approach can be useful in the certification of operators
of various fields of activity.

1. Introduction

Modern successes in the field of microelectronics and
electromechanics have made it possible to create unmanned aerial
vehicles that are effectively used to solve various problems [1].
The control of an unmanned vehicle can be performed manually,
automatically and semi-automatically, where the role of the human
as the machine operator is very important both in preparing and
conducting the flight. The operator’s remoteness from the control
means creates several difficulties in flight control, primarily
related to control delay, inadequate presentation of information
about the environment, and the dynamics of the control process
itself.
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A typical flight control system includes an operator, on-board
receiving and control equipment, and a ground-based transmitting
station, usually a tablet computer with a software interface, and the
aircraft itself. The control of a military unmanned vehicle usually
involves two human operators, one of them is responsible for
controlling the movement of the vehicle (aircraft operator), and the
second ensures the fulfillment of the target task (operator of the
target task load). Therefore, the management of an unmanned
aerial platform is not a simple task but requires training the
operator in skills that will help him cope with the control
difficulties in conditions of natural and artificial interference, loss
of a communication channel, loss of line of sight, delays and
distortions of transmitted information, control of many devices,
etc.
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Completing the target at the terminal point requires
significantly more time to prepare the platform for flight in
automatic than in manual or semi-automatic modes. These
conditions imply the fulfillment of many requirements for the
practical skills of operators that can ensure the implementation of
the target in real flight conditions.

Our contribution consists of developing the versatile method's
assessment of the productivity of operators based on measurement
of their indicators such as reaction time, the accuracy of the
operation, stress resistance, the fitness of mind and hands,
preparedness, and foresight. The proposed method is suitable not
only for assessing the productivity of UAV operators but operators
of some other industries, where high requirements imposed on the
organization of labor.

The rest paper is organized as follows: a literature review is
given in the next section, the control system structure and typical
operator actions are presented in Section 3, the problem statement
is given in Section 4, the solution method is presented in Section
5, numerical examples and discussion of input data are given in
Section 6, and conclusions are discussed in Section 7.

2. Review of Previous Researches

This work is an extended version of the report [1] presented at
the 5th International Conference Actual Problems of Unmanned
Aerial Vehicles Developments (APUAVD), where a method for
evaluating the operator’s activity taking into account the study of
his psycho-physical reactions is proposed.

An analytical review of the influence of the human factor on
the efficiency of using unmanned aerial vehicles (UAVS) in the
current and immediate future is presented in [2]. The study
emphasizes the need for special training by the UAV human
operator, which, in principle, differs from that to which the pilots
are involved. The review also notes the need for additional
scientific research regarding the skills, knowledge, and abilities of
UAYV operators and ways to evaluate them.

In [3], the importance of the influence of a human operator on
the efficiency and quality of control of unmanned aerial vehicles
is noted. The paper notes that about 70% of all UAV-related
accidents are caused by erroneous human activities. Despite the
high level of automation, a person is not excluded from the
operation of the control system, but rather, on the contrary, takes a
leading place in the preparation, conduct, and implementation of
tasks, eliminating the risks associated with the death of the pilot.
The presence of several operators involves the coordination of
their actions and interaction to achieve the ultimate goal of using
one or a group of devices.

In [4-8], factors are considered that affect the preparation and
quality of exploitation of unmanned platforms by operators. So,
the effect of spatial capabilities obtained by the operator through
the use of UAVs was evaluated in [4]. A sense of space gives
confidence to the operator when acting in whichever situation at
any time of the day and for any type of purpose.

In [5], a simulator description is proposed for a UAV operator
with wide simulation capabilities, namely: flight control, wireless
communications, and ground equipment. However, the article does
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not provide the parameters and methods for evaluating the
operator.

In [6], the UAV operator errors were presented in the form of
a chi-square curve of the Pearson distribution, obtained by
constructing a histogram of the probability density of
measurements of errors in operator activity.

The authors of [7] propose evaluating the capabilities of the
UAV operator according to the profile generated by special
software. As estimates, metrics are proposed that are based on a
combination of fuzzy logic methods and cluster analysis. The
proposed techniques allow us to evaluate the operator not only of
a single device but when managing a group.

Errors of a technical nature were analyzed in [8]. It indicates
the technical problems that the operator encounters, namely, the
limited field of view, delays in the transfer of information, poor
operator understanding of the situation in which the unmanned
vehicle is located, and errors on-board equipment.

The methodical complex for accelerated training of UAV
operators is presented in [9], the components of which are control
situations with corresponding difficulties and the intensity of their
implementation for a certain time. It is assumed that during the
preparation of the operator by this complex, the generalized
indicator of operator readiness assumes some steady-state value.

In the study the authors of [10] the temporal norms of operator
training for the formation of the required psycho-physiological
characteristics of personnel for unmanned aviation systems. The
study relies on training programs for the air force. An assessment
of the quality of preparedness of operators and methods for their
certification in the study is not considered.

The usefulness of practical developments aimed at training
operators who are ready to work in conditions when the equipment
is on the verge of failure is proposed in [11].

In [12], a system for modeling dynamics is given, which allows
one to analyze factors affecting the training of the professional
skills of coal mine operators. The work explores operator training
over a long time. Also, priority is determined, an important place
among which is the ability to work in difficult conditions.

For some industries, it is important to maintain operator
productivity in conditions when the order of actions changes [13,
14]. In this case, there is a need to redistribute the procedure and
change the training schedule, and then it is useful a loss training
procedure is proposed. The authors also introduced an indicator of
operator experience [13]. The skill indicator in the study is
represented by a multi-purpose function that takes into account the
skill indicator and working time. In research [14] proposes an
additional indicator, the standardization point.

The Italian concern Terna [15] has developed three main
programs for training and certification of operators in real-time:
the initial program, sliding (continuous) training, and the general
program for other interested parties. The training is configured for
the specific role of each operator in real-time and covers all its
operational activities. Besides, an operating training simulator
(OTS) has been developed by the company.

458


http://www.astesj.com/

D. Kucherov et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 4, 457-462 (2020)

The authors of [16] evaluated the mental workload of operators
whose main professional activity is air traffic control and students
by comparing continuous exposure close to the infrared range and
a mobile touch panel of the same range worn on the operator’s
head. The study revealed the possibility of using a flexible touch
panel to assess the mental workload of operators involved in air
traffic control based on the repetition of measurements and the
ANOVA technique.

The work [17] presents a methodology for the development of
psychomotor skills through the use of teaching means. The results
of the study showed a positive influence on the development of
psychomotor skills in people of different categories.

The article [18] considers the assessment of human hearing by
methods by a system of clinical audiometry. A biotechnological
system for assessment and stimulating the human auditory
analyzer under the influence of various factors was developed and
tested, which allowed us to study the effect of sound frequencies
on the patient.

The method of training a group of agents is presented in [19].
Training is based on the introduction of a Q-function, the result of
which depends on the joint actions of a pair of agents.
Unfortunately, the result is characterized by the limited elements
involved in the learning process, and simple scenarios are
considered.

In [20]-[22], the UAV control system is studied, which can
become the basis for the construction of a simulator designed for
training, preparing, and certification of operators.

Based on the papers review, we can conclude that there is
strong usefulness in developing and implement appropriate
methods that will make the operator certification process more
accurate.

3. Features of the Controlling of Unmanned Platform

The section briefly discusses the generalized structural
composition of a typical unmanned platform, the main problems
of flight control, and the requirements for operator actions.

3.1 System structure

The structure of an automated UAV control system with a
human operator in the control loop has the form shown in Figure
1. The operator’s workplace is a remote control that provides
several controls that are available on the display screen.
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Figure 1: The structure of an automated control system of UAV
WWw.astesj.com

3.2. Flight Control Problems

A vulnerable place to control the UAV platform is the flight
control channel. The problem here is the limited bandwidth of the
radio control channel since the narrow-band path is considered
susceptible to interfering signals that occur in the radio channel.
In-flight, communication losses are also possible; in places with
strong reflections, erroneous or false signals and radio control
commands can be received. Besides, the complexity of radio
command control lies in the low data rate.

3.3. Operator Actions

The operator controlling the flight of the UAV must know the
modes and parameters of the control channel that ensure a stable
flight of the platform; be able to make adjustments to flight control;
know the conditions for switching manual and semi-automatic
modes to autopilot; be prepared to exit autopilot with appropriate
authorization.

The operator responsible for carrying out the useful task should
be well aware of the capabilities of the equipment used, be able to
control existing cameras, be able to extract useful information from
the received data, and also closely cooperate with the flight control
operator.

4. Problem Statement

Long-term work with the console puts forward some specific
requirements for the operator. The situation displayed on the
remote control screen is similar to a computer game, and therefore
the operator’s actions are similar to the reactions of an experienced
gamer. The main ones among them are the reaction to the event,
its accuracy, perception, and understanding of the displayed
situation with a certain delay, fitness of mind and hands,
characterized by resistance to long work; stress resistance,
determined by the degree of resistance to negative influences and
unexpected situations; foresight is the possibility of seeing or
feeling probable future events that may occur.

The following performance indicators of the operator are
offered:

e the reaction time t is considered the main parameter
characterizing the behavior of the operator; it is determined by
the time the irritant occurs before the reaction to the event;

o the accuracy of the operation g, which is the degree to which
the data read by the operator corresponds to the values read
from the screen;

e exposure t is the time the operator understands the displayed
situation;

o fitness of mind and hands v, characterized by the frequency of
errors that occur in the work of the operator;

e stress resistance k shows the degree of resistance to negative
impacts of pressure factors;

e preparedness X is a set of knowledge, skills, and conditions of
mental and physiological functions that establish its ability to
perform specified actions with a certain quality;

o foresight A is the ability to see or feel the possible future that
will take place soon.
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The analysis of the selected indicators shows their
heterogeneity. There are time indicators estimated by absolute
values, this is the reaction time t and the exposure time t, measured
in seconds. The frequency of errors v, we will measure in relative
units, while v < vmax < 1, the value vmax corresponds to an
unacceptable level of errors. In the interest of generality, we write
Vmin £ V < vmax, Where the desired value is vmin = 0. Stress tolerance
k, preparedness %, and foresight A should be evaluated in scores.
The accuracy of the operation &€ when using, for example, a stylus
or other manipulator, we will evaluate the distance between the
true value and the exact coordinates, in the scale of the display
screen this value is measured in millimeters.

Assuming that the real indicators of the operator can be in some
intervals allowed by various standards, we will suggest that the
measured parameter is in the intervals

£<g <E, (1)

where &, E are the minimum and maximum values of the
measured parameters, and i=1..N, N is the number of indicators.

The heterogeneity of the given parameters is also manifested
in the inconsistency of the values of the indicators. For example,
the values of reaction time t, accuracy e, the fitness of mind and
hands v should be small, while exposure t, stress resistance K,
preparedness %, and foresight A for a good operator should
correspond to higher values in their ranges.

It is proposed to evaluate the generalized indicator of operator
suitability by the relation

‘](&.,i“:l'“N)Z‘]min’ (2)

where Jmin is a certain threshold value of the indicator by which a
decision is made on the operator’s admission to the activity. We
will call the J as the performance of the operator.

The task is to find a method for determining the value Jmin of
expression (2), in the presence of measured parameters &;
satisfying inequality (1), which will allow us to establish inequality
(2), which will give an objective assessment of the operator’s
readiness to carry out the task of controlling an unmanned platform
taking into account the influence heterogeneities &;.

5. Technique of Solving

The section discusses the approach to calculating the criterion
and the methodology for calculating operator productivity.

5.1. Operator Assessment Criteria

The operator’s productivity estimation based on the introduced
set of indicators will be calculated in the form of a linear function
that written as follow

1=Yao,, 3)

where a; is the ith weight coefficient, o; is the ith normalized
parameter, i.e.
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o =25 4)

i E—é >

where &; is the measured value of the parameter, i = 1, ..., N. The
restriction is imposed on the weighting coefficients

N
2.8 =1. (%)
i-1

Now the task of assessing the quality of operator training is
reduced to determining the value of Jmin with unknown weights a;.

Since the introduced indicators have different effects on the
value of Jmin, and for the most part are contradictory, for example,
indicators such as reaction time t, accuracy (error) ¢ and fitness v
must be small and the others should be as large as possible, it
makes sense to separate these factors into two opposite groups, and
solve the maximization problem taking into consideration the
equal contribution of each component, i.e. define a threshold value
as

im 1 m
Jpin =Max| —> ac; +— 2.a0; |, (6)
a My i=1 My i=m;+1

where m; + mz = N, in the case the considered parameters N=7.

Expressions (3), (4), (6), and taking into account (1) - (5) as
well, provide finding the threshold Jmin.

5.2. Calculation Approach
The computational procedure involves this sequence of steps

1. Measured are the values of the parameter vector & satisfying
inequality (1).

2. We calculate the values of the coefficients a; by the method of
hierarchical analysis, including the preparation of the matrix
A of pairwise comparisons of size pxp, where p is the number
of criteria. We set the diagonal elements of the matrix A equal
to 1, calculate the values of the elements aj, taking into
account the importance of the measured parameter so that the
parameter takes a value in the range, for example, from 1 to 9.
In case, when we deal with the most important parameter it
takes the value 9, otherwise the least important will be 1. The
element a;i = 1/ ajj.

3. Next, the fulfillment of the consistency condition for the
matrix of pairwise comparisons is checked by calculating the
consistency coefficient CR

P(Prax — P)

= PPm =) 7
L98(p-1)(p-2) @)

If CC <0.1, the level of consistency of matrix A is considered
acceptable; otherwise, matrix A is checked.

4. Determine the value of Jmin (6).
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5. We measure the parameters of the vector & for a particular
human operator, apply (2), (1) and (4).

Corollary 1. The quantity J satisfies the condition 0 < J <

\]max.

Corollary 2. The value Jmax = 1.

6. Simulation

An important point in modeling is the selection of suitable
parameters and the evaluation of the results. These issues are
addressed in this section.

6.1. Some information about parameter values

The reaction time of the operator is determined by the delay
times of the signal t; in the ith control device and the delay of the
signal from the moment the operator recognizes the situation to the
corresponding reaction tgel, OF

t= ;ti + el » ®)

where n is the total number of controls. The delay entered by the
operator far exceeds the control delay of the computer. This value
is in the range of 100 ... 500 ms, which corresponds to the reaction
of the gamer. The best indicator is the smaller value.

The exposure time t of the operator’s eye is also determined by
two factors: the ability to notice a new luminous object and the
time of awareness of this object. A trained eye is capable of
detecting flashes of light lasting 5-10 ms, however, this parameter
depends on the surrounding light. American scientist B. Libet
found that conscious human activity manifests itself after 300-500
ms of the fact that he decided to move his hand [23].

The accuracy ¢ of the operator’s actions is determined by the
thickness of the user device and the size of the spot on the screen,
which the operator must reliably overlap by the device used. The
operator’s action will be performed in case of a 50% capture of the
screen spot with the stylus tip. For example, if the diameter of the
stylus tip is 1.9 - 2 mm, then approximately 1 mm is the accuracy
of the operator [24].

The level of operator errors v depends on the degree of
preparedness, workload, and fatigue due to long work. According
to experimental data obtained during the processing of visual
signals [25], the following results were obtained: for beginners
who do not have the experience, the error rate is 0.27, for operators
who have completed 4 or more training, this indicator is 0.018.
Since there are, as a rule, no untrained operators, the maximum
value of the indicator can be taken as 0.15.

Indicators evaluated on a scale of points, which include stress
resistance k, preparedness X, foresight A, can also be assessed on a
categorical scale in terms: excellent, good, satisfactory, poor.
Having chosen this scale as a basis, it is possible to make such a
correspondence. The category “excellent” is estimated at 8-9
scores, “good” - 5-7 scores, “satisfactory” - 3-4 scores, “poor” - 1-
2 scores.
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6.2. Numerical examples

The initial data accepted as the norm are given in Table I.
Following the procedure described in the solution section and
formulas (3), (4), (6) for N = 7, we found weight coefficients that
satisfy the consistency condition for the initial matrices of pairwise
comparisons (Table 1).

Table 1: Normal Data

para |t € T v k T 3

meter

value | .25s 9 As .07 3 3 2
mm

Gi .625 5 5 .6 .25 .25 .25

a, =0.1017, a, =0.1835, a, =0.2602,

a, =0.4545, a_ =0.5972, a; =0.2847, a. =0.1181

Using the hierarchy analysis method [26], weights were
determined that satisfy the consistency condition for the initial
matrices of pairwise comparisons A. Then, following (6), we
obtained the value Jmin = 0.2788. It should be noted that condition
(5) is only satisfied with the components of expression (6),
enclosed in brackets.

Now we will check the weights for other, obviously worse
values of the considered parameters, for example, for the data in
Table 2.

Table 2: The Second Set of Data

para |t 2 T v k z Iy

meter

Value | .6s 15 b55s | .2 2 2 2
mm

Gi -.25 -25 |-25 |-38 | .88 .88 .88

We obtain the value J = 0.1536, which does not satisfy
condition (2).

Now consider the best indicators than in Table 2 and evaluated
these results, Table 3.

Table 3: The Third Set of Data

para t € T v k )y A
meter

Value | .2 .85 .35 .05 8 8 8

i 75 75 75 .76 125 | 125 | 125

We obtain the value J = 0.8783, which fully satisfies condition
(11). The results obtained completely coincide with the proposals
put forward, and also confirm the study conducted in [27]. Also,
we expect that the developed methodology turns out to be enough
effective in practical application with any set of measurement
indicators.

7. Conclusions

A study of the expansion of research on unmanned platforms
confirms the need for special training of operators for
maintenance, operation and the performance of tasks as intended.
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The paper proposes an approach based on the entering of a
generalized indicator of the operator’s productivity, which is a
linear function of partial heterogeneous quality criteria with
unknown weight coefficients. The described method is a
modification of the method for analyzing process hierarchies,
based on the identification of indicators of the same type, the
effectiveness of which is confirmed by numerical examples. The
considered approach can be used in the certification of the
operator after passing the training process. Our further research
we will plan to be directed to the development and
implementation of software for the simulator complex with
assessing the training of UAV operators following the developed
methodology.
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