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1. Introduction

The mathematical model of “operator — vehicle — environment" system functioning
offered by the authors of the work [1] gives opportunity to determine the criteria of
quantitative estimation of aircraft crew training in different situations. A definite kind of
model depends on a definite functional task of an operator, or a crew member. The process of
aircraft handling includes piloting, operating the systems by crew members as well as
decision-making. Let us consider the construction peculiarities of mathematical models for
estimating crew functional activity for each of these processes.

2. Quantitative Estimation of Piloting Technique

While training crews on simulators there appears the necessity to estimate their
piloting technique. The quantitative piloting technique estimation is carried out by means
of wvaluating the considered parameter divergences from the specified variable.
Inconsistency between the standardized and the current values of the control object
parameters is regarded as divergence. For the case of crew activity estimation during the
flight, the inconsistencies between the standardized and the current values of the
parameters, which characterize aircraft’s position and motion in space, are regarded as
divergences.

When divergences in piloting are present it is possible to extract two characteristic
cases:

1. If the standardized variable is assumed by a definite value (for instance, take-off
reference speed or landing speed), the divergence is recorded as a difference (see Fig.

1):
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* AX = X - X,

where x, xo are correspondingly the actual and the standardized values of the analysed

parameter.

2. In the case when standardized parameter is situated in some region of acceptable
operating values, divergences are represented as a difference between the actual value of
the analysed parameter and its standardized minimum and maximum value (see Fig. 2):

X — X0omax npux>x0max
Ax=
X — X0 min npux<x0min
where Xomax, Xomin are acceptable values of the analysed parameter.
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Fig.1. Diagram of one-sided acceptable region of parameter divergence
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Fig. 2. Diagram of two-sided acceptable region of parameter values

Each divergence of Ax parameter is assigned a corresponding (numerical) score
depending on the influence of this divergence upon flight safety. In many cases guideline
documents contain the parameter value limit only, corresponding either to the operating or to
the rated value without the differentiation of standards inside AX range. Nevertheless, in the
process of crew training, there arises the necessity to carry out a differentiated estimation of
parameter divergences in Ax interval.

In a general case, according to five-grade scale, it is possible to extract Ax;, Ax,, AXs,
AXx4 intervals, and each of them should be assigned a corresponding estimation: “excellent”,

% ¢

“inaccuracy”, “incorrect action”, “error”, or their interpretation in numbers. Differentiation of

b
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estimation can also be carried out depending on the consequences caused by each definite
divergence (see Fig. 3).

In practice, the unambiguous definition of consequences caused by the divergence,
which has been admitted by the crew, requires special experiments or processing of a large
volume of statistical data related to the consequences of the divergences admitted during real
flights. This procedure is labour-intensive, costly and not always realizable according to flight
safety conditions. In the process of training the use of simpler but not less efficient criteria
based on statistical approaches is allowed. More detailed application of this approach for the
definition of standards for the differentiated estimation of piloting technique is considered in
work [2].
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Fig. 3. Differentiated estimation of parameters divergence

3. Estimation Model of Crew Work Technology with Aircraft Systems

Aircraft systems control has a discrete nature, representing a set of consecutive
actions. Each discrete action of the crew such as “on” or “off” is considered as an event in a
chain of other events. Equipment and plane system operation procedure for each stage of
flight in standard situations and in cases of failure and systems malfunctions is stipulated by
an aircraft and its systems maintenance guide as well as an aircraft flight guide.

The necessity of starting or finishing the operations for the control of aircraft systems
are defined by flight stages, parameter limitations of aircraft position and motion in space as
well as time parameters. Operation of systems by the crew which is not stipulated by flight
control fundamentals must be regarded as errors. The examples of such actions are the
following:

- unnecessary cut-off of properly functioning engine;
- gearing extension at all stages of flight except the one stipulated by guideline
documents;
- extension or retraction of flaps at inadmissible speeds and other wrongful
actions.
If the expected event had not been performed until the moment the flight parameters reached
the value specified in aircraft maintenance regulatory documents, or when there appeared
other conditions for the action performance, or the time of event expectation has elapsed
(reaction time limit - t,), non-performance of this action should also be regarded as an error
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made by the crew. Thus it is necessary to estimate not only the correctness but also the
timeliness of crew action when operating aircraft systems.

Estimation of crew action correctness while operating the systems should be
considered from the point of view of flight safety. In order to perform any action with the
systems, some specified Qy region is defined:

Qx C [Xau » Xap| 5

where Xau, Xap are the upper and the lower limits (which are defined according to flight
safety conditions) of the limitation system for the parameters of aircraft motion, flight
stages and time of action performance by the crew when operating the aircraft systems.

By analogy with expression (9) [1] the necessary condition of the crew’s accurate
work with the aircraft systems can be recorded as follows:

X; € Qx for ®; e W,t e T.

Falling of at least one key parameter of crew action outside the limits of the specified region
must be regarded as an error made by the crew. Similarly to the case of analogous parameters,
depending on the consequences, the quantitative estimation of crew errors, for example,
according to the five-grade scale, is carried out. The estimation of danger degree must be
carried out by a group of experts including test pilots, specialists in the field of flight
dynamics, systems reliability, and flight safety. Determining the degree of danger of a definite
divergence, it is necessary to take into account the results of flight and structural tests, the
analysis of reasons and consequences of flight incidents.

A probabilistic approach to estimating the timeliness of crew actions may be applied.
The conditional probability of crew’s parrying the consequences of system failure during the
fixed period of time can be assumed as an index of action timeliness, which means the
probability of task fulfilment in the course of time T < t, where t, is a time limit, falling
outside which is considered to be an error. For example, having defined t,, and knowing the
distribution law of random variable of system failure parrying time t,, it is possible to

determine the probability of timeliness P, using the following formula:

Py, =P(0<t, <t,)=[ f(t.)dL, , (1)
0

where f(t,) is the distribution density of failure parrying time by the crew.

In many cases the value of analogous flight parameter for a definite segment of flight
may stand as a parameter characterizing the timeliness of crew actions. Then t,, t, and f(t,)
will correspondingly be a parameter limit; a parameter value at which failure parrying has
been performed; a distribution density of failure parrying parameter values. In this case the
approach to the estimation of crew action timeliness will be the same as in the case when the
time of action is a criterion of timeliness.

t, value can be both the constant and the random variable. In the first case t, is

specified by aircraft maintenance regulatory documents. The assignment of t,, limit value as
well as determining the consequences of non-performance of actions up to this value turn out
to be a complicated task because it is necessary to take into consideration a majority of
different factors. In regulatory documents there are usually specified the segments of flight
and the values of analogous parameters at the beginning of a definite action performance
directed to aircraft systems operation. Time indices are specified much more rarely. As an
example of flight segments appropriation and parameter values at the beginning of actions
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with the systems, there may be drawn the following requirements: in case of engine failure
according to "chip in oil” criterion while taking-off, it is necessary to cut-off the engine at the
circle height. As a rule, in flight control fundamentals there are no definite directions in
respect of t, time.

In cases when it is impossible to define t, value on the basis of aircraft system
functioning analysis, results of flight tests and other data, it should be defined on the basis of
flight data statistical processing. Having an array of the given values of time or failure
parrying flight parameters, it is necessary to define the distribution law of random variable;
then, having assigned a necessary probability level of failure parrying timeliness, it is
necessary to determine t;, value.

It is possible to apply the same approach for the differentiated estimation of operation
timeliness as in the case of quantitative estimation of piloting technique. So it is necessary to
determine the limit value of flight parameter or t, time, before which it is necessary to turn
the system on/off. For separate systems there exists a range of acceptable time values from
tpmin 10 tpmax, 1N course of which it is required to perform the necessary action with the
system. In this case the formula of failure parrying timeliness probability (1) changes in a
following way:

Epmax
Pcb :P(tpmingta Stpmax): If(ta)dta > (2)
o min

Non-performance of the required action when operating the system by the crew up to
tpmax limit time value as well as earlier performance of t,nyi, must be estimated using a
corresponding score depending on the consequences which may be entailed by such a
divergence from limitations. For instance, laboratory research of fire-extinguishing systems
for “Tu-154” planes showed that in case of not taking any fire fighting measures during 60
seconds from the moment of fire commencement the subsequent fire extinguishing is nearly
impossible. In this case the crew’s delay in operating the fire-extinguishing system, which
exceeds t, must be regarded as a “blunder”. A graphic illustration of such situation is
represented in Fig. 4.
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Fig. 4. Estimation of crew action timeliness when operating aircraft systems

If necessary, the actions of the crew when operating the systems in the interval from 0
to t, can also be estimated differentially. In a general case, using the five-grade scale, it is
possible to extract At;, Aty, Ats, Aty time intervals; each of them must be correspondingly
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estimated by "excellent", "inaccuracy", "incorrect action", "error", or their interpretation in
numbers. Differentiation of estimates is also carried out depending on the consequences to
which the delay in action performance may lead.

4. Estimation Model of Decision-making by Aircraft Crew

Estimating the functional efficiency of the crew, the question of correctness of
decisions made by the crew should be considered separately. The process of decision-making
represents the combination of operator's complex analytical activity including information
acceptance and analysis, current situation assessment, elaborating the decision for further
actions and the actions concerning practical realization of the decision. The practical
realization of the decision represents the combination of piloting technique and work
technology — their estimation methodology has been described above. As regards the
analytical activity of the crew directed at decision-making, there exist theoretical models of
operator’s psychophysiological activity, but at present the practical realization of such models
is embarrassed. Therefore in the accepted model of “crew — aircraft” ergatic system (ES) it is
expedient to estimate the final result and not the process of decision-making itself.

The flight control fundamentals contain the parameters of aircraft motion, aircraft
systems condition, and ambient conditions for each stage of flight, which guarantee the safe
continuation of flight according to the designed scenario. Thus there exists some Qx region
defining the flight safety at each stage:

Qx C ‘Xau s Xap‘ 5

where Xau, Xqp are the upper and lower limits (which are defined according to flight safety
conditions) of the limitation system for aircraft motion parameters, flight stages and
ambient conditions.

Then the necessary condition of S, aim achievement, or the continuation of flight
according to the designed scenario, can be recorded as follows: 3)

Xe € Qx o o € We,t €T,

where T, is the time of definite flight segment; W, are ambient conditions determining
the safe passing of the assigned flight segment.
The pilot in “crew — aircraft” ES structure forms h., or control actions, for the

given limitations, which ensure the achievement of S, control aim for the given segment
of flight:

he = [x(te) €se], ® € W,

Falling of at least one key parameters outside the limits of the specified limitation

region (3) (Xea # Q) must be regarded as the necessity of setting a new piloting aim (Se,)
by the crew, which means the alteration of flight profile. To achieve the new aim the
crew forms he,, or a control action with the consideration of the existing x., situation:

hes € he.
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As a result of fulfilment of he, algorithm, or actions, by the pilot, aircraft is transferred
from the initial state x = x(t.) to a new state X = X(te) corresponding to the alteration of
flight profile.

If the pilot’s formed algorithms of actions refer to class h., which do not
correspond to the existing x., situation, their realization at the given stage of the flight
will be regarded as a decision-making error made by the crew. Another example of
decision-making error is the situation when the crew has passed to new control actions
he, while the former situation still exists, which corresponds to expression (3). Depending
on the seriousness of possible consequences the crew’s wrong decision-making will be
estimated differentially.
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Viktors Feofanovs, Aleksandrs Urbahs. Gaisa kugu apkalpes loceklu funkciondalas darbibas novértéSanas
metodologija

Sistemas ,,operators — transporta lidzeklis — apkartéja vide” funkcionésanas matematiska modela pamata
autori piedava gaisa kugu apkalpes locekju sagatavotibas novértejuma kritériju metodologiju dazadas
situdcijas. Tika piedavats noteikts novértésanas modelis atkariba no operatora — apkalpes locekla
funkcionaliem uzdevumiem. Tika apskatita apkalpes locekju darbibu novertésanas metodologija pilotéjot gaisa
kugi, stradajot ar ta sistémam, ka ari pienemot [emumus.

Viktor Feofanov, Alexander Urbach. Estimation methodology of aircraft crew functional activity

On the basis of the mathematical model of “operator — vehicle — ambient conditions” system functioning the
authors offer the methodology of criterion estimation of aircraft crew training in different situations. There are
offered some definite estimation models depending on the functional tasks of the operator, or the crew member.
There is also considered the methodology for estimating the actions of the crew during aircraft piloting, systems
operating, and decision-making.

Buxmop ®@eogpanos, Anexcanop Ypoax. Memooonozusa oyeHusanus YHKYUOHAIbHOU 0eAMEAbHOCHLU
IKURnaxyceil 6030yUHBIX CY008

Ha ocnose mamemamuueckoii mooenu (pyHKYUOHUPOBAHUA CUCEMbL «ONEPAOp — MPAHCHOPMHOe CPedCm80 —
OKpydcaowas cpeoay asmopamiu npeonodCeHd Memooon02us KpumepudaibHol OyeHKU No020MO8IeHHOCMU
aKunasicell 8030YUIHbIX CY008 8 pAa3IuyHbIX cumyayusax. Ilpednooswcena KoHKpemHbie MoOenu OYEeHUBAHUS 8
3asucumocmu om @QYHKYUOHATbHBIX 3a0ay onepamopa — uieHa skunaxca. Paccmompena memoodonozus
oyeHusanus Oetucmeuti IKUNANCA NPy NUIOMUPOBAHUU 6030YUHO2O CYOHA, NpU e20 pabome ¢ cucmemamu, d
maxaice npu NPUHAMUYU PeUtenui.
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