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Abstract

The stochastic model of actions of the human operator of the ergatic system is proved. The model is based on a simple
Markov circuit in the form of a unipolar signal. In it, the set of "logical zeros™ corresponds to the error-free operation of
the operator, and the presence of "logical units" indicates the presence of errors in its actions. The model is used to
predict the reliability level of an external pilot of a remotely piloted system. The primary data required to fill it is collected
during the testing of the applicant for the post of external pilot under a special program on a special simulator. Simple
ratios were obtained to calculate the probability of error-free operation of the pilot, the coefficient of his readiness or

unpreparedness, the probability of making the wrong decision in the remote control of the object.
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reliability
1. Formulation of the problem

The effectiveness and reliability of the functioning of
any ergatic system (ES), significantly depends on the
professional, psychological and physiological
characteristics of the human operator (HO), which are
manifested at the time of taking the appropriate
decisions and in practical implementation of them by
tactile action on the joystick, toggle switch, button,
other sensors, or combinations thereof. Making any
decision on the part of HO requires real time,
necessary to comprehend the current situation (0.1 -
1.0 sec.). At the same time, each decision of HO can
be accompanied by errors of the first or second kind.
The tactile actions of the HO on ES governance also
take time and can also occur erroneously. Therefore,
HO is the most inertial and low-reliable element of a
complex ergatic system.

This is evidenced by the alarming statistics of
accidents in civil aviation related to the human factor
(HF) [1]. You can recall that the percentage of
negative incidents in the ES, which include remotely
piloted aircraft systems (RPAS) [2], fit into these
statistics. Therefore, the applicant for the post of
external pilot (EP) of the RPAS must be timely
assessed for compliance with psychological,
physiological and professional dignity. Reducing the

influence of the HF on the number of unintentional
destruction of RPAS can be ensured already at the
stage of selection of applicants for the post of civil
defense by the results of their training and timely
testing [2]. A feature of the HO, as an element of the
ES, is its ability to identify and eliminate possible
system malfunctions and its own errors with some
probability, each of which can lead to undesirable
consequences, as failure to fulfil a flight mission,
collision of RPAS with others. The number of errors
corrected and system technical failures are random
variables. Therefore, as criteria for the reliability of
the EP it is possible to take the probability of its error-
free operation, the availability coefficient, the
temporary operating time for one error, or others.
Statistical data, which are necessary for the
quantitative assessment of any of the above criteria,
can be obtained during scheduled testing of the EP
using a special technique and the program on the
appropriate simulator. Thus, the training time of the
EP is limited. Therefore, the relatively small amount
of statistical data that can practically be obtained
during the training of a particular person is not
enough to correctly obtain moment functions or the
probabilistic law of the distribution of errors that may
arise in the actions of the applicant for the position of
the EP. This circumstance does not allow the use of
well-known formulas and methods for assessing the
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reliability indicators of technical systems when
assessing the personal reliability of the EP. Therefore,
it is necessary to justify a possible way to quantify the
reliability of the EP in a limited amount of initial
statistical data and specific features of a person. The
basis of this method, it is advisable to introduce a
formalized stochastic model that reflects the actions
of the EP, which he performs during the management
of RPAS. In the future, it is advisable to compare the
obtained quantitative assessment of the reliability of
the EP with the acceptable value of the selected
reliability indicator of the corresponding system. If
we consider that at the stage of the RPAS flight all
technical subsystems work flawlessly, then its
reliability as a whole can be identified with the
reliability of the EP and vice versa.

2. Stochastic model of external pilot actions

Consciousness of the EP and the corresponding motor
skills create a single continuous process of managing
the RPAS. This process can be compared with its
corresponding signal, for example, electric.

A separate implementation of the signal
corresponds to one training "flight" of the EP on the
simulator, carried out according to a special test
program. By its properties, a signal is a stochastic
unipolar process in it at the moment of the appearance
of a separate pulse and its duration corresponds, for
example, to the presence of a detected turmoil and the
time that the EP spent on eliminating it. The time
intervals between the pulses can be considered as the
ES practices between the EP errors during a single
flight. Therefore, the mathematical model is
appropriate to provide the EP as a limited time of
simple Markov chain with delay by one step. The
duration of the step t is chosen so short that during it
the EP cannot do more than one tactile operation to
manage the RPAS or to eliminate the identified
turmoil of any origin. Naturally, T depends on the
individual psychophysical and motor properties of a
person. In the selected model, one step corresponds to
one “logical zero” or one “logical unit”. Logical zeros
“0” correspond to discrete time instants; in the action
of'a EP, it is error-free. Logical units "1" indicates the
presence of errors in the actions of the operator. A
random sequence of these logical zeros and units is a
collection of individual bits, which contains all the
information about the reliability of the EP. At time T,
the value of the signal, which is the model of the EP
action, can be in one of two incompatible states: “0”
with probability P(0), or “1” with probability P(1).

These probabilities depend on the probabilities of the
signal state p(0), or p(1) at the initial moment of time
and on the probabilities p;(j) the conservation of the
signal state or transition from one statei (i = 0;1) to
the statej (j =0; 1) in one step. A stochastic estimate
of the process, which from the initial state in n steps
can turn into a process characterized by one of two
incompatible states with the probability of strict
disjunction P (i V"j), can be provided in the form of a
product

IPG V DIl =0oa™ , M

where:
ap = [Ip(0) p(D = 1p@ 1-pO)I, (2)

is the matrix of the initial states of the RPAS control
process,

Poo
P1o

Po1

n
3
1—p1o )

a* = ” Po1 ”n: ||1_P01

P11 P1o

is the matrix of probabilities of transitions of a
process from one state i to state j in n steps. The
elements p;; of the matrix (3) are the probabilities of

the transition of the process from one state to another
in one step, or the probabilities of maintaining the
previous state of the unipolar process.

In ratios (1) and (3), the moment of decision-
making is determined by the number of elementary
pulses n for a chosen value of 1:

t=nt. (4)

Thus all intervals in the general relation (1)
becomes a multiple of the selected value of 7.
p;j transition probabilities in the matrix o are
determined for each candidate for the position of EP
during his testing program, which provides for the
simulation of emergencies in flight task execution
time length T = nyt . From simple considerations
imply the following:

n(0) + n(1) = nr, (%)
Po1 = rot (6)
Poo =1 —Po1, (7
P = S0, (8)
P11 =1-pio, )
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where:
N(1) - the number of errors and failures of the EU,
identified a contender for the position of the EP when
tested over time T = nyt
N(0) - the number of EU errors and failures
suspended by the applicant in the time interval T =
nyt;
n(1) — the total number of "logical units", each of
which can change its state to the opposite;
n(0) — the total number of "logical zeros", each of
which can change its state to the opposite.
If ATy is the duration of the existence of the k

mistakes avoided, then the ratios (5), (6), (8):

n(1) = % 2k=1 ATy ;
n(0) =nr —n(1)

Calculations based on ratios (5) + (9) are the initial
statistics which are necessary for predicting the
reliability of EP in the future as a certified specialist.
After retraining the EP, the value of n (1) may.

Equation (1), with regard to (2) - (9), can be
considered a stochastic model of the EU formalized
process control by a human operator.

Thus, the appearance in the RPAS management
model of separate arrays of “logical units” indicates
the presence of errors from the EP. The length of the
array n (1) T corresponds to the time that the operator
spent on eliminating the identified problems, each of
which could occur critical.

In the presence of external factors preventing EP
from the RPAS management process, in the
stochastic bipolar ES governance model, there may
also be household errors.

3. The procedure for estimating the values of
matrix elements “o™

Elements of the resultant matrix o™ contain all the
information about the reliability of the EP during the
flight mission during time T. Moreover, the
quantitative values of degree n of the matrix (3) can
be very large. Therefore, the determination of
individual performance elements for any values of
degree n is a relatively difficult task. Individual
elements of the matrix o™ for this case can be
determined by applying the procedures that are given,
for example, in [2]. After their implementation, we
obtain the same relation for the elements of the
resultant matrix (3), which are correct for any
moment in time nt < T:

Poo(n) = P x
P10 + Po1
X [?4‘(1—2901—2910)"]. (10)
01 p
(n) =——2—x
Po1 P10 T Po1
x [1— (1 —po1 —p10)"], (11)
P10
p1o(n) = x
10 P10 T Po1
x [1 =1 —po1 —pP10)"], (12)
P10
pra(n) = —F0__
1 P10 T Po1
x [%4'(1—?01_2910)71]- (13)
10

The physical meaning of the obtained ratios at a
time nt is such:
Poo(n) — the probability of error-free EP action in
the management of RPAS flight;
Po1(n) - probability of making a wrong decision in
the management of RPAS flight;
P10(n) — probabilistic readiness coefficient;
p11(n) — probability coefficient of unavailability of
the EP to control the flight of RPAS.
It is obvious that:

Poo(m) + o1 (n) =1,
p1o(M) +p11(n) = 1.

Certain probabilistic estimates of the possible
states of the RPAS control process are simultaneously
simple estimates of the reliability of the EP.

Component contained in parentheses ratios
(10) = (13) is less than one. Therefore, for n > 1, it
becomes much smaller than the first term in the
corresponding ratio and can be neglected in the
future. Therefore, relation (10) + (13) are simplified
and take the form:

Poo(n) ~ 20—, (14)
po1(n) ~ ﬁ , (15)
p1o(n) = pl:i(;01 , (16)
p11(n) ~ ﬁ (17)

In ratios (14) + (17), the dependence of the VP
reliability indices on the values of n is practically lost.
In this case, the quantitative values of the indicators

Poo(n) and p;o(n), too pyi(n) and p;;(n)) of
different contents become the same.
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Applying the matrix multiplication rules and
taking into account the ratios (10) +~ (13) or (14) +

I PGV ) 1= Ip(D) p1a(n) + p(0) po1(n)

If p(0)=1,than

PGV DI = lIpor(m) pooMII  (19)
and N(1) = N(0) .
If p(0) =0, than

PGV HI=I () proM I (20)

and N(1) > N(0) .

Various initial conditions (19) and (20) affect the
value of the transition probabilities (6) + (9) and the
final results of reliability evaluation EP.

4. Examples of evaluating the reliability of EP.

Example 1. Let's say this:
T=30min.;t=1sec.; N(1) =N(0) =4;
AT, =20 sec.

In this case in model (19):
Poo(n) = 0,956; po1(n) =0,044;
P10(n) = 0,956; py1(n) = 0,044.

Example 2. Let's say this:
T=30min.;t=1sec.; N(1)=5;
N(0) = 4; AT;, =20 sec.

In this case in model (20):
Poo(n) = 0,9315; po;(n) = 0,0685;
P10(n) =0,9315; p;;(n) =0,0685.

Thus, the EP error at the start reduces its
reliability indices, all other things being equal.

0O.B. Ieanos', B.O. Isanos?

(17), the general ratios n (1) can be formally written
as a matrix row:

p(0) poo(m) + p(1) p1o(m) || (18)

5. Conclusions

1. The developed method for assessing EP
reliability is based on the results of its testing after it
has completed training on a simulator using a special
technique and program.

2. Obtained data on the individual characteristics
of the future pilot will be used in the future in
predicting its reliability as a specialist in the
management of RTAS.

3. The ratio for quantitative estimates of EP
reliability indicators has simple mathematical
expressions.

4. The developed method for assessing the
reliability of the EP has a general nature and can be
used to assess the reliability of pilots of aircraft of any
type or to assess the reliability of operators of other
ergatic systems.
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Crocid nporuo3yBaHHsi HaAiifHOCTi 30BHIIIHBOT0 MJIOTA TUCTAHIITHO MiJIOTOBAHOI aBialiliHOI cCcTEMH
HarmionanpHwuii aBianiiHuil yHiBepcuteT, poct. Jlrooomupa ['y3apa, 1, Kuis, Ykpaina, 03058

E-mails: 'alexkoreaS@gmail.com, “iva39@meta.ua

OOrpyHTOBaHa CTOXacTH4YHa MOAETb Oiil JIOAWHH-ONepaTopa epraruyHoi cucreMu. OCHOBOIO MOJEINi €
MIPOCTHI TAaHIIOT MapKoBa y BUIIISIII YHINOIsIpHOTO curHanmy. CyKyITHICTh «JIOT1YHUX HYJiBY» B Hill BiIMOBiTae
OE3MOMIIIKOBIH poOOTI omepaTopa, a HasiBHICTh <JIOTIYHHAX OJUHUITLY» CBIIYNTH TIPO TMOMIUIKH B HOTO IisX.
Mogens 3acTOCOBYETBCS Ul NPOTHO3YBaHHS PiBHS HAaXiHHOCTI 30BHIIIHBOTO MiNOTa JAWCTaHLIHHO
mijoToBaHoi cucteMu. [lepBuHHI JaHi, sIKM HEOOX1IHI A 11 HATOBHEHHS, 30MPAIOThCH IIiJ] YaC TeCTYBaHHS
MIPETEHICHTAa Ha TI0CaIy 30BHINTHLOTO IMJIOTA 3a CHEIIAIbHOIO MPOTPaMoOI0 Ha CIICHialbHOMY TpeHaKepi.
OTpumMaHi TIPOCTi CIIBBIIHOLICHHS, SIKi JO3BOJISIOTH PO3PAXOBYBaTH HMOBIPHICTh O€3MOMUIIKOBOI POOOTH
minoTa, KoediuieHTiB HOro roTOBHOCTI a00 HErOTOBHOCTI, KMOBIpHICTh NPUHHSATTS MOMIJIKOBOTO PillIEHHS
TIpU TUCTaHIIHHOMY YIIpaBIiHHI 00’ EKTOM.

KirouoBi cjioBa: eprarnuna cucteMa, 30BHIIHIN MIJIOT, JIOIXHA-OTIEPATOP, TIOJICHKUH hakTop, HaxilHICTh
JIOJUHU-OTIEpaTopa.
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Cnoco0 mNPOrHO3UPOBAHHUS HAMEKHOCTH BHEIIHEr0 MNWJIOTA [JUCTAHIMOHHO NWJIOTHPYEMOIi
ABHALIMOHHOM CHCTEMBI

HannonanpHBIM aBUAIMOHHBIA YHUBEPCUTET, TTpoctiekT JIrobomupa ['y3apa, 1, Kues, Yikpauna, 03058
E-mails: 'alexkorea5@gmail.com, “iva39@meta.ua

O0ocHOBaHa CTOXAacTHYECKasl MOJNETh JCHCTBUI dYelOBeKa-olepaTopa 3praTHIecKol CHCTeMBl. B OCHOBY
MOJEJIM IIOJIOKEHA MpocTas Lenb MapkoBa B BUJAE YHUIIOJSIPHOIO CHrHaia. B Hel COBOKYNHOCTb
«JIOTHYECKHX HYJIei» COOTBETCTBYeT Oe30mmnOouHOi paboTe omeparopa, a MPUCYTCTBHE «IOTHYECKUX
eMHUI» CBHJIETEILCTBYET O HAJNMYWK OIMMHUOOK B €ro JAeWCTBUAX. Monenb HCIONb3yeTcs s
MIPOTHO3UPOBAHUS YPOBHSA HAJEKHOCTH BHEIIHETO MWJIOTa AMCTAHIIMOHHO THJIOTHUPYEMOM CHCTEMBI.
[lepBuuHbIe naHHBIEe, HEOOXOAUMBIE AT €€ HAMOIHEHUs, COOUPAIOTCS BO BpeMs TECTUPOBAHUS IPETEHACHTA
Ha JOJDKHOCTh BHEIIHEr0 MWJIOTa MO CHEIUAlbHOM MporpaMme Ha crenuanbHoM TpeHaxépe. [lomydenst
MIPOCTBIE COOTHOIICHHS, ITO3BOJIIOIINE PACCUUTHIBATh BEPOATHOCTH 0e30mHrO09HON paboThl MHHIIOTA,
KO3 QUIIMEHTOB €r0 TOTOBHOCTH HMJIM HETOTOBHOCTH, BEPOSITHOCTH MPUHATHS OMIMOOYHOTO pPEIICHUs TpU
JUCTAaHIMOHHOM YIIPABJICHUH OOBEKTOM.

KuroueBble cjioBa: 3praTuueckas CUCTEMa, BHEIIHUH MHJIOT, Y€JI0BEK-0TIepaTop, YeIOBeUeCKUull (hakTop,
HaJIeKHOCTh YEJIOBEKa-omepaTopa.
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