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Introduction For this setup, we investigate pilot time-dependent

: : : . : apabilities to control identified PP segment.
During the intensive visual load, the pilot has t§ : .
organize the control of pilotage parameters (PP) on At the flight stage of duratiof seconds, value

the frequencies close to minimum required to fulfiiy, =T > f and is equal to minimum allowed

flight task based on displayed instrument pangumber of visual pilot addresses iePP and

information [1]. Therefore, minimum requiredt xp =7 xTx f is equal to total time of pilot view
frequencies of PP monitoring define a row of."

numerical characteristics for the structure of tpil e 2
visual activity: probability of instrument or call (for specific f||.ght ta;k) minimum probable
information visual display system (VDS); transien{rgquency of  pilot V|s_ua| _ addresses 10
probabilities, i.e. probabilities for transfer ofigpy M-instrument as frequencyf, ~with number n
view from one instrument to another one an¢h =1,...,K), for which the pilot is capable to obtain
probabilities of two- and three- instrument cyclesformation about visualized PP by exact instrument
within the pilot VDS visual field. and which is required to complete flight task. $hu

value k, =T x £, is equal to minimum probable

Th f this stud identificati number of pilot view transfers to n-instrument
e purpose of this study assumes identificatio fing the whole flight stage, and

of analytical dependence for above-mentioned = 7 is equal to the total time
probabilistic characteristics of the pilot visualTnx_n_Tn><T>< n. q _

activity structure versus minimum required€quired for the pilot to transfer the view to
characteristics to ensure fulfillment of flight kas n-instrument  during the whole flight stage.

ixing on i-PP during the whole flight stage. Let u

Pur pose of this study

using pilot addresses to PP. Theoretically, the pilot is able to control idered
_ PP segment, if time is required for PP monitoring
Task solution and the view transfers is within limits of stage

Let's assume that the pilot fulfills a task orfluration, i.e. inequality is fulfilled:
certain flight stage, which requires visual conwbl N K —
N PP and the task is visualized on K instruments. Le ZTfi xTx f +ZTn xTxf<T
us assume thdt is minimum required frequency in =t n=1 1)
Hz of pilot visual control ovei-PP { = 1,..., N). N Ko _
Average time of pilot view is fixing on visual ZTfi x f "‘T,,Zf,, <1.
element (VE) ofi-PP we mark vidy, and average =1 n=1
time of pilot view transfer from one VE or Obtained inequality (1) is called as inequality of
instrument to another instrument is s Duration pilot time balance for parametric video information
of T; and 7T, is measured in seconds. It is defined Fulfillment of inequality is a required condition
that during the application of available PHor probable pilot visual monitoring ofN PP
visualization, the pilot is not able to perceivesegment, when the pilot defines frequendiefor
visually different PP at a time. Therefore the pilomonitoring each PP, which are defined by the flight
perceives information from different VE in turn [2] task.
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Formula (1) is used to investigate probability omethod during the comparison of actual frequencies
parametric video information perception by the fpiloof pilot monitoring PP versus with theoretically
and disregards visual load on the pilot on indicatorequired frequencielsand computation of valueas
panels (failure panel, etc.) in total time-dependeper formula (2).
balance. Update of indicator panel status may be As we see from formula (2), excess of relative
fixed by the pilot peripheral view, which is notvisual load of the pilot over ultimately allowedlva
always controlled by the pilot who is being awafe dl is feasible due to the following reasons:
such updates and recognized by the pilot. Moreover, — flight task assigned to the pilot and regulatory
on intensive flight stages, owing to deficit of @&m documents to complete flights, duty to control
required to control major PP, the pilot, evidentlyxcessively large number of PP;
becomes a multi-channel video information - high frequencies of pilot addresses to PP,
reception system in relation to indicator panels.  which are required to achieve pre-set quality of

The left part of the pilot time balance inequalityassigned flight task;

is: - high duration T;; required to accept video
N K _ information by the pilot from VE row.
A= ZTﬁ x f, +TnZ f.. (2)  Practical measures to avoid losses of instrument
i=1 n=1 panel video information required to complete flight

This expression bears critical human engineerifigsk and aimed at the reduction of established
essence: valuerepresents relative visual load of theexcessively high relative visual load may include:

pilot in relation to parametric video information. ~ re-distribution of functions among aircraft
Actually, the pilot time balance inequality isaircrew members to control instrument panel video

equivalent to inequality’TxA <T, thus, valuer information, or introduction of additional aircrew

demonstrates, which part of the flight stage totfeémber (in case of high instrument information

duration 7 is consumed by the pilot to control/OW); . o
parametric video information. - enhanced level of PP automation requiring high

With & = 1 the pilot has to consume entire flighfréquency of monitoring and management;
stage time for visual control of selected PP segmen ~ VE improvement (at high7;) and VDS
and has no time for backup, which conforms to tH&Ptimization as a whole;
pilot maximum allowed visual load. With< 1 visual ~ ~ Waining of aircraft aircrew members  for
load of the pilot is less versus of maximum alloweffasonable setup of visual activity. _
load by times and the pilot during entire flight stage FOF the purpose of further theoretical studies of
duration has extra time @1 —) s. With2. > 1 the the pilot visual actlv!ty, let us may an assumppon
pilot is not capable to control all PP at frequency, ~ that average duration for acceptance of video
and value) indicates how much the visual load information by the pilot from different VE is
during the control of all PP at frequentyexceeds Similar, i.e.7q = Ti for alli =1,...,N. If this is a
ultimate allowed load. Therefore, valie is an  CaS€ formula (2) of relative pilot visual loadais

assessment of pilot visual load versus to maximuni©llows:

probable visual load at frequenciés defined by R K —

flight task { = 1,...,N), PP observation and valuBs A=T; Z f +THZ fa. 3)

T, specified by VDS quality, i.e. relative visual tba =1 n=1

of the pilot in relation to parametric information. In future, this expression may be used to assess
During actual instrument flight, time required forvisual load of the pilot for different VDS types.

the pilot to control instrument panel informatian i In formulas (2) and (3) of the pilot relative visua

always equal to the duration of flight stageload,the component conformingrénstrument:

therefore, with formal approach, relative visuado N _

of the pilot is equal to 1. However, issues related A, = zTﬁ f,+T,f,, n=1..K, (4)

quality of instrument control by the pilot, which i i=1

required by flight task, and relative visual loddle where N, is number of visualized PP by
pilot, which is actually equal to the load beingr-instrument,

defined by flight task, flight conditions and VDS f; is minimum required of monitoring frequency
human engineering quality. These issues may e i-PP {(=1,...,N,);

actually solved by experimental & computation f,is information frequency af-instrument.
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Value is equal to share ofi-instrument in 2P P
formulation of entire relative visual load of thidop Pe=—"7". 7
and it is evident that: 1— Z p?
i=1 |

Let us find the formula of probability,z- for
_ -1 K three-instrument cycle, i.e. closed visual fielcklud
Therefore, aggregation of valuég, N = 1....K, pilot among the instrument, B andC. In this case
which characterizes distribution of the pilot relat |et us assume that random process of pilot view
instrument visual load is suitable for inveStigBtiOtransfer is described by similar Marcovian Chain’
and identification of Specific values, which entail/vhere Spacing represents transfer of view from one
excessively high visual load of the pilot for cemta VE to another VE.
flight tasks. Review of values allows us to The evend — B — C — 4, consisting of pilot
determine, without prejudice, which instrumenyiew transfer during random number of spacing in
generates excessively high information flow. Marcovian chain from instrumer to instrumenB
ProbabilityP, of pilot monitoring of n-instrument and finally to instrumen€, as well as to instrument
on investigated flight stage is determined withoy, may be decomposed into the following
consideration of time loss for transfer of piloewi elementary events in parenthesis: (view fixingn
by time ratio, theoretically required for the pil@t and (view hold orA for random number of spacing
control visualized PP by this instrument versualtotin the chain) (view transfer fror to B) and (view
time required to observe all PP by the pilOt. Wlﬂho|d on B for random number of Spacing in the

K
A=)'A,, 0sAs<L.
=1

this determination: chain) and (view transfer froB to C) and (view
N N hold on C for random number of spacing in the
Zn:T. f Z f chain) and (view transfer fro@ to A).
= Consideration of view holds is extremely
P = N, N, ©®) important for multi-purpose instruments, which
ZT” fn Z fn visualize several PP and which are characterized by
i1 i1 view transfer from one VE to another VE within one

instrument. According to determination of
Marcovian chain, events of zeroth order coupled by
conjunction “and” are independent and the events

Historical studies of pilot visual fields on VDS, ¢, giting of pilot view holds for random (O towh
received by technical devices recording position umber of spacing, are inconsistent. Therefore,

pilot view fixing point, demonstrated that aCtuahccording to probability summation and
process of VDS scanning by the pilot sufficiently, injication of probabilities theorems, the

simple is described by Marcovian process of Zerog}obability of eventd — B — C — A is equal to:
order [3]. We shall use this result to find themast '

values of transient probabilities and probabilitoés PlA_B.L &A —
two- and three- instrument cycles in the pilot aisu

The last equality in formula (5) is true B} = T;
foralli=1,...,N.

field by VDS. - - - (8)
Transient probability?,s, i.e. probability of pilot =P P P P P P. |

view transfer from instrumem to instrumentB is A =0 AR ; °)e ;

equal to: . - P2R.P, |
Pe = Pax K. 6) ( (1— PA)(l— PB)(l— Pc)
Evidently,P,z = Pg,. While formulating this formula, the author used

ProbabilityP,; of two instrument cycles betweenformula of infinitely ~decreasing progression
instrument4 andB, i.e. transfer of pilot view from summation:

instrumentA4 to instrumentB and vice versa from o 1
instrument B to instrument4 and vice versa, is ZF’J' =—— (0< PJ <1).
defined by formula [4]: =0 1- i
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The formulae of probable cyclic monitoring ofinformation by the pilot) numerical characteristits
instrumentA, B andC starting from instrumenB or  the pilot visual activity structure, i.e. procest o

C are derived similar to above-mentioned one: pilot/VDS interaction.
) Thus, these theoretical characteristics determined
PB.C_A-B)= PP e , by formulae (4)- (10), are optimal. Actually, human
(1-P,)1-Rs)1-R) g) engineering deficiencies in VDS force the pilot to
P,P,P? ©) adapt himself and as a result, numerical

PC-A-B-C)= (=P )Yi-P, Ji=P.) characteristics of the pilot visual activity strut
A B ¢ will differ from theoretically optimal characteriss.

Therefore, the probability Pz of three- As a result, differences between numerical
instrument cycle within the pilot field of visionay characteristics of actual qualified pilot visuatiaity

be determined by ratio (8) and (9): structure for certain VDS and theoretically optimal
characteristics, without prejudice reflect VDS
Pagc :2P[(A -B-C- A): performance quality and may lay a basis to
= p(B 5Co AL B)+ formulate unbiased methods for assessment of VDS
performance qualities. Now, having formula of
+ P(C - A-B- C)] = theoretically optimal characteristics, which allow
_2P,P,P. (PA +P, + Pc) (10) to calculate their values with reference to minimum
- (1_ PA)(l— PB)(l— Pc) . required frequencies of pilot visual addressesRo P

the next and final task for this study of mathewgwsti
1;nature, includes task of formalization to realize

instrumentst, B, C may be realized in any direction. cOmparison of numerical characteristics for actual

Therefore, with assigned flight tasks causing higﬁm_j t_heoretlca}IIy optlmal structure .Of the p"O‘?‘W'.
visual load of the pilot related to instrumengctivity. Solution of this task entails determiati

information (when = 1), minimum required Of System of generalized numerical parameters to
frequencies of pilot visual addresses to PP torens@SSess aircraft VDS performance quality. _
pre-set quality of pilotage define theoretically C_alculate(_j results of theo_retlcal_ and practical
optimal (with reference to criteria to minimizewid studies obtained on TU-204 flight simulator [5] of
loads during reception of all required instrumengmpirical probabilities are given in tab. 1 and tab

Where multiplier 2 considers that cyclic view o

Table 1.Probabilities of pilot monitoring for assemblies of electronic VDS
during approach for landing in FD mode

Probability of assembly monitoring
Indicator segment : -
theoretical empirical
Gyro horizon assembly (HORIZON):
HORIZON center, flight director indication, angléroll 0.609 0.62
Heading assembly - 0.03
Airspeed assembly 0.106 0.10
Flight altitude assembly 0.285 0.25

Table 2 Probabilities of cyclesin the pilot field of vision on electronic VDS
during approach for landing in FD mode

Cycle probability

Visual cycle

theoretical empirical
HORIZON - airspeed assembly 0.225 0.23
HORIZON - flight altitude assembly 0.604 0.57
Sum of cycle probabilities with support HORIZON astbly 0.829 0.80
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The comparison of theoretical and empiricahddress to flight parameters, average duration of
characteristics of information collection frompilot view fixing on VDS elements and average
electronic VDS by the pilot given in tab. 1 and.tab duration of view transfer across VDS elements
has no substantial differences in values. Empiricallows us to formulate methods for true assessment
characteristics of pilot fields of vision on elestic of pilot visual load on instrument displayed
VDS demonstrate that during FD (flight director)nformation.
approach for landing, pilot takes information about 5. Differences in theoretical and empirical values
dynamics of heading angle, mostly from indicatoref pilot/VDS interaction indicate specific featurefs
of FD mode in the center of gyro horizon assemblgilot interaction with specific VDS type and,
and practically omits indication of heading anglenormally, reflect specific human engineering
Therefore, theoretical characteristics of inforrmati deficiencies of installed VDS forcing the pilot to
collection process by the pilot from electronic VDSnitigate such deficiencies by time costs during
have been calculated without consideration afrrangement of pilot/VDS interaction  with
information reading by the pilot directly from thetheoretically improper characteristics. Therefore,
heading assembly. Similar effect is revealed duringathematically formalized comparison of theoretical
the approach for landing using backup instrumengsd empirical values for such characteristics may b
of electromechanical VDS. used to elaborate true methods to assess aircraft

Conclusions VDS human engineering qualities.
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