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Abstract. In the article we analyzed three different types of simulator training exercises: CTR (Control zone), TMA
(terminal control area) and CTA (control area) with various type of complexity. We determined that every zone, where
air traffic service is provided, has different technology of work and individual instructions for procedures. Using the
algorithm for tasks complexity estimation in the pre-simulator training, with the help of expert evaluation method, we
found criterion of weighting. According to the results, we built the graph, representing the hard zone of air traffic
control. In addition, we analyzed pre-simulation assessment criteria
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1. Introduction

Statistical data show that human errors account for
up to 80 % of all causes of aviation accidents [3].
Safety in aviation will continue to be highly
dependent on the reliability of air traffic service
(ATS). This reliability will be directly linked to the
ability of ATC planners and managers to incorporate
the many lessons of history regarding the impact of
human factor on controller performance. According
to the list of factors, performance includes: quality
of selection criteria, initial and recurrent training,
and retention programs for air traffic controllers [7].

Quality of aviation training is important to decrease
the influence of the human factor. Simulator practice of
air traffic controllers (ATC) is a necessary part of the
professional training. Training includes technical
subjects, ATC theory and simulator practice. The
object of initial training is to prepare an ab initio for
training at an ATC unit [6].

2. Analysis of the latest research and publications

ATC Trainee is a set of existing forms and methods by
which the experts/trainees (students) under the
supervision of an instructor shaped controller skill
practical application of theoretical positions of several
disciplines, to students through the implementation of
the formulated complex tasks and exercises.

Types of ATC Trainee:

— training (SIMUL) — a workout with a model of air
traffic, which responds to the audience (students) as a
real air traffic . This technique is accompanied by a
training briefing, debriefing, and consultation;

— controlled computer training (GSIMUL — Guided
SIMUL) — interaction between students and computer

in the form of questions, comments, instructions and
issue assessments of the listener/student interaction in
the process [6].

Many good training programs are ultimately
ineffective because of inadequate follow-up.
Trainees must be evaluated not only during and
upon completion of training, but a continuing
process of validating the initial requirements for the
training is required to evaluate the effectiveness of
the programs and to ensure that training needs are
indeed fulfilled [7].

3. Aims of the work

— To develop an algorithm for determining the
complexity of task in the pre-simulator training.

— To estimate the complexity of tasks performed by
ATC (classification of airspace zones and classes).

—To develop neural network for automated estimation
of tasks in the pre-simulation training system

4. Research results

The organization of the airspace over given area
should be arranged so that it corresponds to
operational and technical considerations only. In
addition, aerodromes where ATC is provided should
be designated as controlled aerodromes [1].

States shall select airspace classes which are
appropriate to their needs. And also have 3 zones of
airspace — very important elements of air traffic
management, with individual restrictions, according
to Ukraine normative document [1].There are:

Control zone — a controlled airspace, extending
upwards from the surface of the Earth to a specified
upper limit [4].

Terminal control area (TMA) —a control area,
normally established at the confluence of ATS
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routes in the vicinity of one or more major
aerodromes [4].

Control area — controlled airspace, extending
upwards from a specified limit above the Earth [4].
Control area can be formed by TMAs of sufficient
size to contain the controlled traffic around the
busier aerodromes, interconnecting airways of a
lateral extent, determined by the accuracy of track-
keeping of aircraft operating on them, as well as the
navigation means available to aircraft and their
capability to exploit them; a vertical extent, covering
all levels require to be provided with control service;
or area-type control areas within which specific ATS
routes have been defined for the purpose of flight
planning and which provide for the organization of
an orderly traffic flow [1].

Analysis of the principles classification of
airspace according to requirement ICAO and ATS
airspaces shall be classified and designated in
accordance with the following classes: class C and
D ATS [3]. Implementation of airspace classes in
Ukrainian airspace in accordance to requirement of
normative acts is represented in the Table 1.

Table 1. Implementation of airspace classes in
Ukrainian airspace

Ne Qlass of anes of Restrictions
airspace airspace
Control 1500-
L D zone 2900 m
D (except
Boryspil TMA, | 1o minal | D (1500-2900 m)
where class C
2. | . . control and C (2900m —
is applied due area FI 660)
to high traffic
volumes)
D (1500-2900 m)
3. | DandC Cg;‘et;"' and C (2900m —
F1 660)

Complexity of zone (CTR, TMA and CTA) was
obtained with a help of Method of expert estimates
[2]. The experts are Air Traffic Controllers, who
operated in training course.

An algorithm was developed for determining the
complexity of task in the pre-simulator training.

Algorithm
of estimation of complexity tasks in the
pre-simulator training with the help method of
expert estimates.

1. Questionnaires for experts (m — number of
experts, m>30).

2. Matrix of individual preferences:

Obtained — R;, i =1, m, where m — number of
expert; R; — system of preference of i-expert.

3. Matrix of group preferences obtained:

>R

Ry = i2—.
gr m

4. Coordination of expert’s opinion.

4.1. Calculation of dispersion D.

$ R 2
2 hor TR
m-—1

D =

m 2
_ izl[ Rarerr ~ RiCTR)

m —
= 0,401099.
4.2. Calculation of square average deviation o:

o =+/D.

4.3. Obtained coefficient of the variation v:

= F§‘9 100 %.
r
If vCTR, TMA, CTA< 33 %, opinion coordinated,
and obtained system of expert group.
If vCTR, TMA, CTA > 33 %,we need Kendal’s
coordination coefficient:
12S

_m2(n3—n)—m % T-'
j=!

v

where S — is generalized dispersion.
_v(t.3

where T; — is the number of the same ranks in the j —
th row, and fixed the j-th expert.

Within the limits 0,7<W<1. If W<0.7, we need
repeated interrogation.

5. Compare system of preference Ry and R,
i=Lm, with the help of rating correlation

coefficient R, (Spearman's coefficient):

TR,
612::1()(1 yI)
n(n?-1)

6. Significance of the calculations.
6.1. The significance of the calculations W,
criterion — %

RS:]__
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where y? — factual value of variable; y? — table
value of variable.
6.2. The significance of the calculations R,

(Spearman’s coefficient) for using Student’s t —
criterion:

n-2
teritical = I /—>ts.
critical S 1_r52 t

7. Weight coefficient w; of complexity j — zone:

G .
W, = ———;
2. C;
j=1
n
2 wj=1
j=1
where n — quality of zones; C; — estimates.
cj=1-2—4 j=1n.

Graphical presentation of weight coefficients.

For estimation complexity of an exercise in
system of pre-simulation training needed to find
weight coefficient, which characterize complexity of
airspace zones.

Estimation complexity of airspace zones on stage
of pre-simulator training was obtained for using
algorithm of estimation of complexity tasks in the
pre-simulator training with the help method of
expert estimates.

1. Questionnaires for experts — ATC with
working experience.

2. Matrix of individual preferences. Evaluation of
complexity of airspace zones (CTR, TMA and
CTA): R.

Obtained — R;, 1 =1, m, where m — number of
expert; R; — system of preference of i-expert.

For example,

Ri = Rirwa > Rica, Rictr.

3. Matrix of group preferences obtained, for
CTR:

ig:lRiTMA
Rgr =" m

Average value Rgr for TMA and CTA have the
similar calculations (table 2).
4. Coordination of expert’s opinion.

=2,64.

4.1. Calculation of dispersion D.

m 2
Z Rgr - R

D = m-1

m 2
E ( o] A RiCTR)

m-1
—0,401099.

Calculations for TMA and CTA would be the
same variant (table 2).
4.2. Calculation of square average deviation c:

o=vD = /Derr =0,633324.

Calculations for TMA and CTA would be the
same variant (table 2).
4.3. Obtained coefficient of the variation v:

v——lOO‘V =
Rgr ?

_ _°CTR 10096 = 23.9636 %.
RngTR

Variation for TMA and CTA have the similar
calculations (table 2).

If vetrTmacTta<33 %, opinion coordinated, and
obtained system of expert group. For example,

Rgr =Rrva” Rctr ™ Rera

Table 2. Matrix of group preference

Coordination CTR TMA CTA
of expert’s
opinion X1 X2 X3
Ryr 2,642857 | 1,142857 | 2,214286
D 0,4010992 | 0,1318684 | 0.3351645
i 88976 80769 76356
Cj 0,633324 | 0,363137 | 0,578934
Vi op 23,9636 31,77445 | 26,14542

Calculations shows that opinion was coordinated
and necessary obtain weight coefficient of
complexity for airspace zones.

Weight coefficient of complexity:

where n — quality of zone; j = 1 - TMA; C; —estimates.

c,-1-R=1,
n
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W; = Werr — Weight coefficient for CTR zone;
W, = Werr — Weight coefficient for TMA zone;
W3 = Werr — Weight coefficient for CTA zone.

Table 3. The results of obtaining weight coefficient

Ne | Zone Rirg G W
1| CTR 2,642857 1,122225 |0,322954746
2 | TMA | 1,142857143 | 1,212288 | 0,348873
3 | CTA | 2,214285714 |1,140355259 | 0,328172

5. Graphical presentation of weight coefficients of
CTR, TMA and CTA.

0,355 -
0,35
0,345 -
0,34 -
0,335 -
0,33
0,325 -
0,32 4
0,315 -
0,31
0,305

Weight coefficient

CTR TMA CTA

Zones of airspace

Fig. 1. Weight coefficient of zone’s importance

Calculations was obtained for using program
MSExcel.Integrated estimate Qj; of tasks with j-th
level of complexity in air traffic control for n-zones:

n L
le = Zzqul’

j=1 1=1
where Q — estimate for task with given complexity
and types of airspace zone (CTR, TMA and CTA);
Qj. — mark according to task; w; — weight coefficient
(complexity of airspace zone), j=1n;L=L11;1-
level of task.

So, we can see that the most difficult zone of
airspace, according to the opinion of the expert is
Terminal control area (wrwa= 0,348873).

In the future ATC instructor would take into
account this expert’s opinion for definition of a task,
according to difficulty.

Integrated estimation for implementation of task
with complexity characteristic air control zone was

calculated with the help of methods such as additive
(multiplicative) aggregation.

For automate estimation of pre-simulation
training on initial stage built neural networks —
multilayer types [2; 8].

Fig.2 represents the neural network admission
student to simulator training by the number of hours
and level of training. It is neural network with type
multilayer perceptron in which one layer is hidden:

— first layer — calculation of hours on theoretical
training in accordance with the evaluation of
student’s knowledge;

— second layer — restrictions on given number
hours (hidden layer);

— third layer — restrictions on passing mark hours
(hidden layer).

Threshold  functions  activation  building
according with requirements of hours and level of
marks task (discipline) in compliance with criterion
of estimation of task.

5. Tasks’ assessment criteria

5.1. General principles to assess tasks

All positions of assess criteria are prescribed and
have to be used in a proper way as given below:

1. To take a duty and work place preparation.

2. An ability to follow the prescribed standard
phraseology (excepting tasks with emergency and
urgency situations).

3. Coordination with adjacent ATC units and
other kinds of aerodrome service provision units.

4. Handling of procedural control.

5. Handling of visual control.

6. Daily flight plan conduction.

7. Execution of traffic massages timesheets.

8. Timeliness and accuracy of decision-making in
ATC.

9. Compliance with safety in ATC.

10. Performing of console operations.

Some of the criteria might not be used in order to
which are chosen by a supervisor before training.

5.2. Application of necessary criteria values
and adaptation to pre-simulation training
If we are talking about pre-simulation training we

have to take into account, that we evaluating abilities
and skills of ATCO’ feedback.

Fig. 1. X coordinate representation
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T, hr

W*, marks

v

Fig. 2. Neural network admission student to simulator training by the number of hours and level of training

We can not apply general assessment criteria as
they exist for the time of operation actions
evaluation. However, some of them might be useful
to apply. So, pre-simulation assessment criteria are:

— Retelling of given situation;

— Phraseology to be used;

— Taking a duty and work place preparation;

— Information about traffic;

— Level change proposal;

— Vectoring and heading guidance.

Retelling of given situation and expected
phraseology is a fully individual criterion for
supervisors. They must define elements which are
necessary to be retailed as well as to evaluate
proposed phraseology.

Information about traffic must be a reflection
of an ability of a student to define/detect through the
plan all conflict situations. Evaluation of this
element depends on the whole number of conflicts
regarding to the number of missed.

Level change proposal. Level change proposal
is a kind of a feedback that defines a degree of
suitably given flight levels or altitudes by a student.
Evaluation of this element is performed in
percentage terms. Deviation of each level is equal to
losing of 1 point.

Vectoring and heading guidance. Accuracy of a
heading designation is a 3° deviation from desired
direction. If we are out of limits we are losing 1
point within a criterion.

Every element has a five-point system basis.
Evidently, missing all points of procedural elements by
a student, should be considered as non-completed
element and non-completed task correspondingly.
Positively given marks are output into the mean value.

6. Conclusion

With the help of methods of expert estimates
determined difficulty of Air Traffic Control operations
(tasks). Using expert’s opinion and criterion of weight
coefficient, we defined hard zone for operation on
initial training, such as simulator practice.

According to interrogation, we built the graph,
based on preliminary calculation. Analyzed graph
from which we can see terminal control area have
first position according to complexity of operation
and procedure in air traffic control.

Built the neural network admission student to
simulator training by the number of hours and level
of training.

Automation of estimation of pre-simulator
training on phase of initial training specialists of Air
Traffic Control increases the efficiency of simulator
training through interactive evaluation of the
performance of students’ tasks. Performance of
partial assignments, accompanied by comments,
displaying results, assessments of the student and the
possibility of feedback.
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T. ® IlImensosa’, B. A. JIasopeHKOZ, A. IL. Biabko®. Po3paxyHoK CKJIaJIHOCTi BIPaB NepeTPeHakepHol MiIr0TOBKH

L23Harionansauit aBiauiitamii yeiBepenTer, mpoct. Kocmonarsra Komaposa, 1, Kuis, Yipaina, 03680

E-mails: *shmelova@ukr.net, ?vitalii.lazorenko@ukr.net, *superbelk@ukr.net
[IpoanamnizoBaHo Tpu pi3Hi THNH BIpaB TpeHaxepHO! miarotoBku: CTR (mucmerdepcbka 30Ha), TMA (TepmiHadpHAN
nmuctieTdepchbkuii paiton) Ta CTA (mucreTdepchbkuid paifoH) 3 pi3HIMHU BHIAMH CKIIQIHOCTI. BcTaHOBIIEHO, IO KOXKHA 3
30H, Ji¢ MPOBOAMTHCS OOCIYrOBYBaHHS IMOBITPSHOIO PYyXY, Ma€ pi3HY TEXHOJIOTiI0 poOOTH Ta poOoui IHCTPYKIII.
BukopucToByIOUM ajIropuTM s pO3paxyHKy CKJIaJHOCTI BIPaB MEepeATPEHaKEPHOI MiJrOTOBKH, 33 JONOMOTOIO
METOJIIB €KCHEPTHUX OIIHOK, MM OOYMCIMIM BaroBi KoediumieHTH. BiamoBigHo 10 pesynbrariB moOynyBaiu rpadik,
SKUH TPe3eHTy€e HalBa)kuy 30HY YNPaBIIHHS HOBITPSHUM pyxoM. KpbIM TOro, mpoaHaji3yBaiu INepeaTpeHaXKepHUi
KpUTEPii OIiHIOBAHHS.
Karouosi ciioBa: mucnierdepcbka 30Ha; AUCTIETYCPCHKUN PaiioH; METOAN EKCIIEPTHOTO OILHIOBaHHS; MEpEeATPEHaKEpHA
MiATOTOBKA; TEPMiHATIBHAN TUCTICTYCPCHKUI paiioH

T. @ IlImenesa’, B. A. J1a30pemc02, A. I Buiisko’. Pacuer ciioxuocTi YIPAKHEHUH NIPeATPeHAKePHOM II0Ar0TOBKH

L2 Y aroHaTEHEIN ABHAIIMOHHEIN yHIBEpcHTeT, mpoct. Kocmonasta Komapoga, 1, Kues, Yrpanma, 03680

E-mails: ‘shmelova@ukr.net, ?vitalii.lazorenko@ukr.net, 3superbelk@ukr.net
[IpoaHanmm3oBaHO TpPHW pa3HBIX THIA YIpaXKHCHHH TpeHakepHoi moaroroBku: CTR (amcmeruepckas 3oHa), TMA
(y3noBoit aucneruepckuit paiton) and CTA (aucrnerdepckuii pailoH) ¢ pa3sHbIMH BHJIAMH CJIOXHOCTH. Y CTAHOBIICHO,
YTO KaXkJasi U3 30H, T'JIe MPEJOCTABIAETCS 00CITyKHBaHIE BO3IYIIIHOTO ABHKEHHS, UMEET Pa3Hyl0 TEXHOJIOTHIO paboThI
u pabourie MHCTPYKUMH. VCIIONb3ysl alrOPUTM JUIS pacueTa CII0KHOCTH YIPKHEHUH B IIPEATPEHAXKEPHOH MOATOTOBKE,
C IIOMOIIBI0 METO/Ia SKCHEPHBIX OIIEHOK, Mbl BBIYHCIMINA BecoBble K03 ¢uuneHTsl. OCHOBBIBAsICH Ha pe3yJbTaTax,
MOCTPOMIIN TpadUK, KOTOPBIA JEMOHCTPUPYET CaMylO CJIOXKHYIO 30HY YIpaBJCHHS BO3IyLIHBIM JBKeHHeM. Kpome
TOT'0, IPOAHAIU30BAIM [IPEATPEHAKEPHBIN KPUTEPUI OLIEHUBAHUSL.
KiroueBble cioBa: jucrieTdepckasi 30Ha; AMCIETUYEPCKHI palioOH; METOIBI SKCIEPTHOTO OLCHHMBAHMS, MpeNTpeHaKEpHas
MIOJIrOTOBKA; TEPMUHAJIBHBIN TUCTIETUYEPCKUN paiioH

Tetyana Shmelova (1961). Doctor of Engineering, professor.

Air Navigation Systems Department, National Aviation University, Kyiv, Ukraine
Education:

Research area:

Publications:

E-mail: shmelova@ukr.net

Vitaliy Lazorenko (1982). Assistant

Air Navigation Systems Department, National Aviation University.
Education:

Research area:

Publications:

E-mail: vitalii.lazorenko@gmail.com

Anastasia Bilko (1993). Student.
National Aviation University.
Research area:

Publications:

E-mail: superbelk@ukr.net



