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Abstract

The article analyzes the existing methods of determining the workload level. On the basis of the analyzed material new
methodological bases for calculating the workload level of external pilots of remotely piloted aircraft were created.
While creating new methodological basis, all the relevant parameters that have an impact on the workload value were
defined and grouped. The formulas for calculating these parameters were derived.
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1. Introduction

Nowadays aviation is developing rapidly and,
although the world saw unmanned aviation not so
long ago, it has already found a wide range of
applications among both military and civil aviation.
Along with the growing use of unmanned aviation, it
has become necessary to create a legal and
regulatory framework to regulate its operation.

Remotely piloted aviation systems, which are a
part of the unmanned aviation, are a new component
of aviation system, which is based on new
developments in aerospace technology. These
systems can open up new and expand existing
opportunities for application, increase the level of
flight safety and efficiency of aviation in general [1-
3]

Previously, aviation activity was based on the
concept that a pilot operates an aircraft, being on
board, often together with passengers. Flight
operations without a pilot on board touch upon a
number of important technical and operational
issues, which are currently being studied by aviation.

One such important issue is the definition of the
external pilot workload, since the level of workload
directly affects the safety and efficiency of the flight.

Insufficient workload (monotonous work) or heavy
workload can lead to increased risk and reduced
flight safety. It can also cause conflict situations,
which in turn can lead to unforeseen and undesirable
consequences, incidents, crashes, etc. That's why the
definition of the external pilot workload is an urgent
and important issue in the field of unmanned
aviation.

That is why the creation of methodological basis
for calculation will allow determining and giving an
objective assessment of the pilot's workload, to
foresee periods of monotony and overload in his
work. In this way, it will be possible to provide an
opportunity to take measures to optimize and create
all the necessary conditions for the external pilot
work when performing remotely operated flights.

2. Problem statement

First of all, to solve this problem it is necessary to
analyze similar methods to determine the level of
workload. This will allow forming the basic concept,
requirements and building the basis for new
theoretical bases. In the next stage it is necessary to
analyze the constituent elements, their
characteristics and features, which will indicate
exactly what to pay attention to when determining
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the constituent elements for the new theoretical
basis.

The next step will be to identify the constituent
elements that can affect the level of the external pilot
workload. It is necessary to determine how and what
they depend on, study their interaction and
peculiarities; find the necessary distinguishing
features, etc. Having received all the necessary data,
it is possible to move on to deriving the theoretical
bases - the creation of formulas, the order of
calculation and description.

So, the issue of the creation of methodological
bases for calculating the workload level of external
pilots of remotely piloted aircraft (RPA) is very
important, since the monitoring and control of the
workload level will allow providing appropriate
safety level, finding out weak points in the system
and defining the ways to improve the system.

3. Review of existing solutions

One of the existing methods is the definition of the
air traffic controller (ATC) workload [4]. Any
wrong command or order of an air traffic controller
can have incredible consequences on which will
depend the fate of many people on board the aircraft
and on the ground. Since this type of activity is
related to great responsibility, the presence of such a
technique is a vital condition for this profession.

Air traffic control service (ATS). Service
provided for the following purposes:

a) collision avoidance:

1) between aircraft and
2) aircraft and obstacles in the
maneuvering area;

b) air traffic control and its speeding up [5].

In order to define air traffic controller workload,
a few different quantitative and qualitative
parameters related to the profession are considered.
They are related to certain parameters of the area of
responsibility, peculiarities of aircraft movement
and air traffic controller workplace, which includes
the procedures and instructions for the given
workplace and the equipment with which he
interacts.

Air traffic controller workload is a parameter
that is determined by the ratio of the ATC
controller's employment time to the total working
time and can be determined by the formula 1:

Tbiz
KIoad T ’ (1)

gen

where 7)., — ATC controller's employment time;

T e, — total working time.

ATC controller's employment time includes the
time of communication with aircraft crew and
coordination with ATC of neighboring sectors, the
time of procedural operations (data entry with the
keyboard, mouse, etc.), the time of operations with
controls and the time required to make a decision
and it is calculated by the formula 2:

Tgen = tpilot + tnp + tper + toper + tdm ' (2)

where t — time of communication with aircraft

pilot
crew; t  — time of coordination with ATC of
neighboring sectors;

t, — time of procedural operations;

t,per — time of operations with controls;

tym — time required to make a decision.

Based on formula 1 and the information
mentioned above, there are the following
requirements for the level of workload (table 1):

Table 1

Workload requirements

Workload level Workload level description
value
Monotonous level — insufficient
<
Kioag <02 workload
Koaq = 0,55 Optimal level
K 5075 Prohibited (dangerous, exhausting)
load =
level — heavy workload

Thus, since the working conditions of an air
traffic controller such as zone parameters (airspace
structure, flight procedures) and equipment remain
unchanged, the ATC controller’s workload level
depends directly on the number of aircraft under his
control.

4. Theoretical basis for calculating the external
pilot workload

In order to create the theoretical basis, first of all, it
is necessary to determine all the parameters, the
presence and value of which may in one way or
another affect the workload level. When performing
a remotely piloted flight by an external pilot, there
are certain essential elements that are present in each
system, namely:

a) the time spent on control panel operations,
i.e. the time required to perform certain
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manipulations with the equipment or the RPA
control system to perform a safe and controlled
flight;

b) the time spent on monitoring, i.e. time
needed to monitor the air situation, to ensure safe
intervals between RPA and obstacles, between RPA
and other air traffic (when flying in uncontrolled
airspace), to monitor meteorological phenomena
and flight conditions;

c) the time spent on monitoring flight
parameters, i.e. the time required to continuously
monitor flight parameters (flight speeds, flight
course, flight path, altitude, distance, etc.).

There are also certain elements that may or may
not be present depending on flight tasks, the number
of flight participants, the structure of the airspace in
which the flight takes place, etc. These elements
should be included in the methodological basis for
determining the workload, as they significantly
affect its level. The main elements are listed below:

a) the time of communication (coordination)
with ATS, i.e. the time required for radio telephony
communication with ATS during the flight in the
controlled airspace;

b) the time of communication (coordination)
with other external RPA pilots, i.e. the time required
for verbal communication, direct contact, radio
telephony or other type of communication with other
RPA pilots in the case of group flight, collective
task, etc.;

c) the time of communication with a
supervisor, i.e. the time required for coordination
with a supervisor, getting his instructions, sending
the reports, etc.;

d) the time for performing the task, i.e. the
time required for performing the task successfully;

e) the time for making a decision, i.e. the time
of an external pilot mental activity, required for
analyzing and evaluating the situation, for conflict
solving, making a right decision in emergency or
other potentially dangerous circumstances.

In the following figure (Fig. 1) it is possible to
see a schematic representation of the interaction of
an external pilot with the integral and implicit
elements that affect his workload level. External
pilot A with the help of the control panel interacts
with RPA via communication 1. During a remotely
piloted flight, it is necessary to ensure aircraft
separation with certain artificial and natural
obstacles, threats and other air traffic (connections
2-6). Depending on the task an external pilot can
interact with a command center D through

connection 7, interact with other external pilot B
(connection 9) and perform the task directly, for
example, it is necessary to detect enemy food
storage E (connection 10 with RPA). Also, if RPA
flight is performed in controlled airspace, an
external pilot A has to interact and follow ATS
instructions C through connection 8 [6].

A JuTC 2 A

\ //
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Fig.1. External pilot interaction with the elements that
affect his workload level

Having defined all the necessary basic
parameters that affect the workload level, we can
derive the main formula. This formula for
determining the workload factor is somewhat similar
to the formula for determining the ATC controller
workload. So, for determining the external pilot
workload factor it is necessary to find the ratio of
external pilot employment time to his total working
time, which is shown in the following formula (3):

— Tbiz
load — '
T

gen

K 3)

where T,;, — external RPA pilot employment time;

T,;, — total working time.

The external RPA pilot employment time
includes some other elements, as opposed to the
ATC controller's employment time. This time
consists of the sum of obligatory elements and
conventional elements (marked with an asterisk), if
these elements are present, which is shown in the
following formula (4):

Tbiz =1

mon T +tCp +1c +

* 4
+tp|lot +tcon +ttask +tdm' ( )

where obligatory elements:
t.on — time spent on control panel operations;
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t,, —time spent on monitoring the air situation;

t,, —time spent on monitoring flight parameters;
and conventional (marked with an asterisk):

t. — time of communication (coordination) with
ATS;
t;ilot — time of communication (coordination) with

other external RPA pilots;
t., —time of communication with a supervisor;

t,, —time for performing the task;

t;,, —time for making a decision.

The values of each obligatory or conventional
elements are calculated according to their own
formulas given below.

The time on control panel operations depends on
the time needed to perform one particular RPA
operation (maneuver), i.e. the time spent on certain
control panel operations to perform this operation
(maneuver), and depends on the number of such
actions (maneuver) during the flight. This time can be
determined by formula (5):

T = N X oy, )
where N, — number of actions (maneuvers) during

the flight;
ty,e — time on control panel operations needed to

perform RPA operation (maneuver).

Since air situation monitoring is carried out
periodically during the entire flight, the monitoring
time equals to the product of total flight time and the
factor of monitoring the air situation, its value
depends on flight conditions and automation level,
and calculated by formula (6):

ton = Tgen X kmon , (6)
where Tgen — total working time;

Ko — factor of monitoring the air situation;

Flight parameters monitoring and air situation
monitoring is carried out periodically during the
entire flight. The time of flight parameters monitoring
equals to the product of total flight time and the factor
of monitoring flight parameters, its value depends on
RPA performance and automation level, and
calculated by formula (7):

tcp = Tgen X kcp ) (7)
where 7', — total working time;

kCp — factor of monitoring flight parameters;

The time of communication (coordination) with
ATS is presented only in the case of flight in
controlled airspace. It equals to the product of one
radio telephony communication time and the number
of ATS sectors where the RPA flight is taken. The
second value is multiplied by two, since in every
ATS sectors an external pilot has to communicate
with ATS at least twice — entering and leaving ATS
sector. This time can be calculated by formula (8):

t. =2N

atc secatc X tOtatc ' (8)

where N, — number of ATS sectors where the
RPA flight is taken;
tos — time of one communication (coordination)

with ATS.

The time of one contact (coordination) with other
external RPA pilots is presented in the case of group
flight or the flight when the contact (coordination)
with other pilots in needed. This time is the product
of the time of one contact and the number of
contacts with other pilots. This time can be
determined by formula (9):

Cpitor = Nout Xtopnoty )
where N, —number of contacts with other pilots;
to itor — time of one contact (coordination) with other

pilot.

The time of communication with a supervisor is
involved only in the case, if the flight performed
requires prompt issuance of new tasks, update the
tasks, prompt reporting of progress or report the
results to the supervisor (e.g. prompt transmission of
search and rescue flight results). This time depends
on the time of one contact with a supervisor dacy
and the number of contacts with a supervisor and
calculated by formula (10):

tSW = Ncom Xt (10)
where N, — number of contacts with a supervisor;

Osw

t,.,, — time of one contact with a supervisor.

The time for performing the task is involved only
in the case, if a specific task is performed during the
flight. This time depends on the type of the task, the
number of tasks, flight conditions, RPA
performance, automation and etc. This time can be
determined by formula (11):
ttask =N k xt (11)

tas Otask ’

where N, — number of tasks;

towask — time for performing one task;
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The time for making a decision t;m cannot have a

definite formula for calculation, since its value
totally depends on the circumstances and conditions
of the situation. This value can be affected by

weather  conditions, flight conditions, RPA
performance, external pilot's qualifications and
experience, automation level, facilities and

equipment, etc.

This time can be used during the investigation of
aviation events, when modeling different non-
standard situations. It best reflects the human factor
and its impact on the development of events.

5. Conclusions

The method of determining the level of ATC
controller workload and its components, their
features and characteristics were analyzed. Then the
elements of the theoretical basis for calculating the
workload of an external pilot were defined; how and
what they depend on; their interaction and
peculiarities were also studied. Having received all
necessary data, the methodological basis was
created; calculation order and formulas were created
and described.

Thus, the created methodological basis is the way
to solve the problem of defining the workload of
RPA external pilot which will allow us to give an
objective assessment of the workload level, to
foresee the periods of monotony and congestion in
work. All this information is rather crucial for taking
optimization measures, control and creation of
necessary conditions for external pilot's work during
remotely controlled flights.
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0. €. JIymno', O. B. CkiBka’, B. C. ITaramapuyk, O. M. Ajekceen
TeopeTu4uHi 0CHOBH PO3paxXyHKY HABAHTAKEHHS 30BHIIHIX MiOTIB AUCcTaHIiliHO MLJIOTOBAaHMX

JiTaTIbHUX anaparis
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VY crarTi aHAMi3YIOThHCS ICHYIOUI METOAM BU3HAYEHHS PIBHA HaBaHTA)XCHHS Ha 30BHIMIHIX miyoTiB. Ha ocHOBI
MIPOAHANTI30BAHOTO MaTepialy CTBOPEHO HOBI METOAWYHI OCHOBU JISi PO3PAaxXyHKY PIBHA HaBaHTaXKEHHS
30BHIMIHIX MUTOTIB AMCTAHIIHHO MIJIOTOBAHMX JITaJbHUX amapatiB. [Ipu cTBOpeHHI HOBOi METOIONOTIIHOL
OCHOBM OyJIM BH3HAuY€Hi i 3rpyrnoBaHi BCi BIMOBiNHI MapaMeTpH, sKi BINTMBAIOTH HA 3HAYEHHS POOOYOro
HaBaHTaXeHHs. OTpuMaHo GOpMyIIU ATl pO3paxyHKy LIMX MapaMeTpiB.
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B craThe aHanm3upyroTCs CYIIECTBYIOIIME METOMABI ONPEEIEHUs YPOBHS HAarpy3Kd Ha BHEIIHUX NHJIOTOB.
Ha ocHoBe nmpoanann3npoBaHHOTO MaTepHaia CO3/aHbl HOBbIE METOJUYECKHE OCHOBBI JJIS pacdyeTa YpOBHSA
3arpy3kH BHEUIHUX MMUJIOTOB JUCTAHIMOHHO MIJIOTUPYEMBIX JIETaTENbHBIX annapatos. [Ipu coznanum HoBoH
METO/IOJIOTMYECKOH OCHOBBI OBUIM ONpenelieHbl W CrPYNIHPOBAaHBI BCE COOTBETCTBYIOIIME IapaMerphl,
KOTOpBIC BIMAIOT Ha 3HaUeHHe pabouel Harpy3ku. [lomydensr GopMysbl U pacdera 3THX MapaMeTpoB.
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