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Abstract

Purpose: to set optimum level of preparation and to structure the process of trainee preparation, as well as
to analyze outcomes for ATC instructor. Methods: we have chosen to define an optimum level of preparation
are Robust, mean square and mean median methods. The most reliable method to protect our data from
outliers is Robust method. Results: to manage the position of outcomes we forced to structure specific
filtering tasks which are mandatory to be done by trainee, in order to guaranty not exceeding predefined
level of preparation. To satisfy our goal we have also predefined media tools to apply, such as: Part Task
Trainer, Other Training Devises, Radar Trainer, Automated Work Place ‘Situation’. Discussion:
professional preparation of an air traffic controller is a very complicated and time-consuming process with
many specialists and instructors been involved. Preparation process roughly divided into the part of
theoretical knowledge obtaining and the part where trainees are practicing to convert theoretical material
into practical skills with the help of Simulator. For the interim check, common criteria of skill acquisition
process is predefined by evaluation of technological operations: Acceptance of duty on the work place,
Phraseology adequacy, Coordination with adjacent units, Regularity of flights, Accuracy of aircraft’s
positions determination, Correspondence of decision making to given situation, Provision of proper
separation and general Safety issues, Adequacy of console operations. Instructor evaluates trainee on all his
activities, beginning from trainee’s readiness of task execution ending by feedback analysis and provision of
further recommendations. Completeness, adequacy and quality of mentioned above results depend in direct
on quality of instructor.

Keywords: air traffic controller; error statistics; evaluation criteria; individual approach; Median; Robust
method; simulator training.

practice is not provided at all. The system of
preparation expects readiness of a trainee to each
Professional preparation of an air traffic controller is  next part of practical preparation [1].

a very complicated and time-consuming process

1. Introduction

with many specialists and instructors been involved. ( )
Preparation process roughly divided into the part of Level 1| Pre-SA )
theoretical knowledge obtaining and the part where , v .
trainees are practicing to convert theoretical material Level 2 Operational-SA
into practical skills (SA - skill acquisition process) - 3 /
with the help of Simulator. Practical part is Levels [ ) ) )
composed by four parts mainly and it is foreseen an Ve L Conflict solving-SA )
assessment of skills conformity only during the p v §
finish of appropriate part (Fig. 1). Level 4 Emergency

The final evaluation on task is not flexi enough, L situations-SA
thus an individual approach to the trainee is not
taken into account. The opportunity to have more Fig. 1. Levels (parts) of trainee preparation
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If the trainee is accumulating gaps of training he
might be positioned as unable to comply with the
part of preparation. Critical amount of gaps couldn’t
be defined properly because of many factors, such
as: personal tolerance level to gaps, resistance on
unexpected situations, an ability to be evaluated
properly by instructor, etc.

An instructor is playing the main role in
evaluation of practical skills. Depending on a level
of instructor’s presence through the process of
practical preparation we may judge on adequacy and
completeness of trainee’s skills evaluation. Again,
depending on the workload of an instructor we may
miss up to 30% of trainee’s outcomes during the
preparation.

2. Analysis of the latest research and publications

To structure the preparation of an Air Traffic
Controller we were relying on regulations and
manuals  of International  Civil  Aviation
Organization [1]. To protect over statistic of
trainee’s errors we took Robust method. This
method is becoming popular nowadays in statistics
analyze. There are some researchers been in
progress for robust method, Peter Meer, Doron
Mintz, Azriel Rosenfeld from Center for Automation
Research, University of Maryland [2] and Roger
Koenker from Department of Economics, University
of Illinois at Urbana-Champaign, U.S.A. is aimed on
Quantile regression in statistics [3]. Some other
researchers are taken into consideration to apply
robust method to our statistics [4, 5, 6, 11].

3. Practical preparation of trainee

As we were already mentioning, trainees are having
Theoretical and Practical type of preparation.
For the theoretical part they are to be taught of
such subjects as:
e Introduction into the discipline of Air
Traffic Control (ATC);
Aviation Law;
Operational Procedures;
Meteorology;
Navigation;
Aircraft and Principles of Flight;
Human Performance;
Equipment;
Miscellaneous (depending on area of skills’
application).
Educational methods to be applied are:
o Lecture;
e Lesson/demonstration;

e Practical classes;
e Laboratory work;

To assess theoretical knowledge of trainee,
Eurocontrol recommends applying predefined levels
of taxonomy.

Level 1. Requires a basic knowledge of the
subject. It is the ability to remember essential points;
trainee is expected to memorise data and to restore it.

Level 2. Requires an understanding of the subject
sufficient to enable trainee to discuss intelligently.
The individual is able to represent for himself or
herself certain objects and events, and to act upon
these objects and events.

Level 3. Requires a thorough knowledge of the
subject and the ability to apply it with accuracy.
Trainee should be able to make use of his/her
repertoire of knowledge.

Level 4. The ability to establish a line within a
unit of known applications following the correct
chronology and the adequate method to resolve a
problem situation. This involves the integration of
known applications in a familiar situation.

Level 5. The ability to analyse new situations in
order to elaborate and apply one or other relevant
strategy to solve a complex problem. The defining
feature is that the situation is qualitatively different
to those previously met, requiring judgement and
evaluation of options.

Training techniques to be applied are:

e Lesson/demonstration;
e (ase studies;
e Supervised practices;

In many cases the objective of SA is clearly of a
practical training nature and therefore likely to be
reached in a simulated environment.

The training system we are applying is able to
provide SA for tasks of: console operations, part task
training (PTT) and real-time hi-fi simulation (SIM).

The simulated environment should be related to
the specific expectation of task and to take into
account air traffic configuration.

4. Evaluation criteria of sKkills

Preparation process is successful when the
objective is met. As a rule, the objective is to enable
the trainee to perform as required in his or her day-
to-day work.

If training time not such a critical resource, an
instructor could simply wait and observe whether or
not the trainee can properly apply on the work place.
That would be the perfect measure of success.
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However, for reasons of safety, quality assurance,
economy, didactics, and legal constraints, this is not
possible with training process. We need both interim
and final progress checks. This necessity is
absolutely undisputed for nearly all-institutional
learning processes (table 1).

Table 1
Evaluation of technological operations
NJ Technological Evaluation mark
. excelle .
operations ot good satisfied
I| Acceptance of duty on 0 errors | 1 error 2 errors
the work place
2| Phraseology adequacy | <l error | 2-3 errors | 4 errors
3 qurdlnathn with <1 error | 2-3 errors | 4 errors
adjacent units
4| Regularity of flights 0 errors | 1 error 2 errors
5| Accuracy of aircraft’s
. . 0 errors | 1 error 2 errors
positions determination

By distance +5 kilometres

By Azimuth +4 degrees
By direction finder +2 degrees
6| Correspondence of
decision making to | Oerrors | 1 error 2 errors
given situation
7| Provision of proper
: 2 errors
separation and general | 0 errors | 1 error
. and more
Safety issues
8 Adeqqacy of console <1 error | 2-3 errors 4 errors
operations and more

Mentioning error/s (FE) throughout the table
should be understood in the manner of: error itself
(slips and lapses), mistakes (knowledge-based
errors), mismatches, inadequacy etc. Distribution of
E among Technological Operations (Pr;) through
one given task is represented in (Fig. 2).
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10 M Group 4

0
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Prl1 Pr2 Pr3 Prd Prd Pré Pr7 Pr8

M Group b

Fig. 2. Distribution of technical operation
errors by a task.

It is recognisable in a glance, that phraseology
adequacy (Pr2), correspondence of decision making
to given situation (Pr6) and provision of proper
separation and general Safety issues (Pr7) are the
most dramatic in theirs proportion to other
operations (Fig. 3).

Such a proportion is showing us, at least, two
very important states to be noted and discussed. At
first, it shows the complexity of the task; the larger
proportion of these three elements more complex the
task is. Secondly, this group of data is a unique
indicator of psycho physiological resistance of a
trainee during decision making.

HPrl MPr2z MPr3 MPrd4 EPr5 EPro Pr7 Pr&

INEMEHT NEreHabl 2 fog

Fig. 3. Proportion of technical operation
errors by a task

5. Analysis of instructor’s activity

In general, the responsibility of instructor is to
organise and to conduct S4 by a trainee with the
help of simulator.

More in details, instructor starts with
determination activity of trainee’s theoretical and
practical levels. Takes part in planning and
conduction of a trainee’s preparation, provides
supervision and assistance for trainees. Studies,
summarizes and distributes advanced forms and
methods of training of trainees. Offers suggestions
on improving the professional training and
organizing methodical work of simulator stuff. An
instructor conducts reporting and accounting
documentation.

In order to make judgments, instructor must
possess excellent knowledge of:

- Air Code;

- Flight Rules;

- Regulation on Airspace utilization;

- Air Traffic Control rules, guidance,

regulations, directives and instructions;

- Procedures of corresponding Air Traffic
Control Units;

- Aircraft technical characteristics;

- Airline Operating Agencies;

- Air Traffic Service and Management;

- Airspace Management;

- Air Traffic Flow and Capacity Management;

- Flight Planning;
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- Air Navigation;

- Aviation Meteorology;

- Organization of communication;
- Workload indicators;

- Advanced experience in the field of
professional training;

- Labor protection;

- Phraseology of radiotelephony

communication in order to conduct imitation
of pilot’s commands.
Instructor activity on evaluation process
Instructor evaluates trainee on all his activities,
beginning from trainee’s readiness of task execution
ending by feedback analysis and provision of further
recommendations. Completeness, adequacy and
quality of mentioned above results depend in direct
on quality of instructor. Furthermore, personal
aspects of an instructor, his ability to manage
preparation process, capability to perform SA4
process forecast, talent to apply individual strategy
of S4 for trainee, etc.

6. Aims of the work

1. To choose statistical method of process data of
trainees’ errors in order to set optimum level of
preparation.

2. To structure the process of trainee preparation
in order to guaranty flexibility of SA management.

3. Analyze outcomes for ATC instructor.

7. Errors analysis

As we were mentioning above, the only one
source of all the data of trainee E is outcomes of
instructor’s activity. So, let us take the most
representative £ data of technical operation to be
analyzed, this will be Pr6 (Fig. 4).

L1 12 13 14 15 L6 L7 L8 19 L10 L11 L12 L13 L14 L15 L16 L17 L18 L19 120 21 L22 123 L24 25 L26

Fig. 4. F data with the duration of 26
lessons (Part 1)

Instructor indicated all decision making induced
E for one group of student by performing first part
of preparation in full.

From the position of Fig.4 it is absolutely not so
clear what portions of tasks are distributed within
given part. The sum of all group of trainee E
decision making induced, positively illustrates such
a dynamic (Fig. 5).
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Fig. 5. The sum of trainees £ decision making with the
duration of 26 lessons (Part 1)

In order to define an optimum level of
preparation we are focusing on the most reliable
method in order to protect our data from outliers. In
other words, we should try to find Robust method to
optimize our expectations from the training process.

Mean square error [7]

D. =lZ(xl. —;)2, or
n-;

1 Zn (xi_;)z

n_li

D, =

1s not robust as far as we are in search of discrete

quantity.
Mode (M,)

M =x + fmo_fmo—l
o i

h ,
(Soo = Fno)F (Fo = Frnost)

x; — minimum desired value to be searched;

h — width of Mode interval;

, also cannot be accepted as well as it is a
probability mass function and is affected by outliers.

Median square error [8]
E =med(x, —)_c)2 , or
E=med |x, — x |, is robust for discrete quantity.

Median variation series

Xy n=2k+1
m=med X= X, +Xx ,
% n="2%k

Is a way of finding the most Robust and discrete
value of needed position (Fig. 6).



V. Lazorenko, V. Kharchenko. Robust Method to Define an Optimum Level of an Air Traffic Controller Simulator Training 49

6

i A

Need to be managed

11 13 15 17 19 21 23 25
Lessons

Fig. 6. Median of £ decision making induced data with
the duration of 26 lessons (Part 1)

Consider that the position of Median is our mean
level of E state, we may already judge on our
outcomes. At first, those picks symbolize two known
positions; poor theoretical level of trainee at the very
start of task execution and reflection of psycho
physiological processes of decision maker. Anyway,
as far as we are considering acting, against those
picks, we are declaring such type of outcome is one
to be managed [9,10].

To assist instructor in decision making of
whether to initiate management of executed task or
not we may also use Sturges' formula and build a bar
chart (Fig. 7).
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_ (X' max— X min)

AX ;
K
Determination of the mean of the sample:
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m K >
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=
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Fig. 7. Bar chart of £ frequency
using Sturges
8. General aspects of preparedness level
control

To manage the position of outcomes we forced to
structure  specific filtering tasks which are
mandatory to be done by trainee, in order to

guaranty not exceeding predefined level of
preparation. In other words, we are ensuring
correspondence of trainee SA level with
requirements of certain technical operation
predefined criteria.

Media tools that we may apply to satisfy our
goal, are next:

- Part Task Trainer (PTT);

- Other Training Devises (OTD);

- Radar Trainer (RAD);

- Automated Work Place ‘Situation’” (AWP

SIT).

The process of SA by trainee from the point of
view of technological operations could be divided
into 5 categories (table 2).

Table 2

Category of SA by technological operations and
correspondence to types of task

Category of SA by

M| technological Brief description Type of task
operations
1 |Short-term Training of our short-
memory practice term_memory for AWP SIT
required amount of
data.
2 |‘Eye’ practice Positioning of aircraft
training. OTD/RAD
3 |Procedures and|Typical procedural
phraseology algorithm training. OTD/PTT

React on pilots’
requests.

4 |Conflict resolution |Situation analysis.
Conflict detection.
Separation provision.
Situation analysis.
Strategy application.
issues on regulation
and efficiency of
traffic.

PTT/AWP SIT

5 |Decision making

PTT

In order to meet requirements of individual
approach for trainee we have to arrange the process
of preparation by ‘Learning Rate’:

- Self-paced learning;

- Time-restricted learning;

- Real-time;

With an eye to establish flexibility of
preparedness level control it is better to split the
management into three levels based on time;
Strategic level (new tasks planning phase), Pre-
tactical level (planning phase based on previous
results of E) and Tactical phase (management of
recommendations in a day of training).
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9. Conclusions

An instructor is playing the main role in
evaluation of practical skills. Depending on a level
of instructor’s presence through the process of
practical preparation we may judge on adequacy and
completeness of trainee’s skills evaluation. From the
other point of view, to provide the best adequacy of
ATCO skills assessment by instructor, we must
initially create correspondent environment of
training area.

The simulated environment should be related to
the specific expectation of task and to take into
account air traffic configuration.

Results that might be achieved, by already well
known method of mean square error, are very
vulnerable and unstable. To make a judgment or
claborate some strategy, basing on such results, is a
way into the next instability. Therefore, median
square method as bright example of robust way of
data evaluation is a guaranty for future clear steps of
action.
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PoOacTHmii MeTOA BU3HAYEHHS ONITUMAJILHOIO PiBHS MIATOTOBKHM HA IMCIETYEPCHLKOMY TPeHaKepi
Hanionansuuii aBiauiiiauii yniBepcutet, npocn. Kocmonasta Komaposa, 1, Kuis, 03058, Ykpaina
E-mail: 'vitalii.lazorenko@gmail.com; *kharch@nau.edu.ua

IisisiMmu po6OTH € BCTAaHOBIICHHS ONTHMAJILHOTO PiBHS MIATOTOBKH, CTPYKTYPH3AIlis TIPOIIECY TPeHAKEPHOT
MiATOTOBKH Ta aHaNi3 pe3yJbTaTiB IirOTOBKU 1HCTpyKTOpoM. MeToam, siki Oyio oOpaHO Jjisi BUSHAYCHHS
ONTUMAJBHOTO PiBHS MHiATOTOBKH: POOACTHHI METOJ, METOJ CepelHIX KBapaTiB Ta METOJ CepeaHboOl
Meniany. HalfHamiiHIOTMM METOIOM IS 3aXHCTY BUXIIHHUX IaHWX 00paHo pobacTHHi MeTon. Pe3yabraTH:
JUISl YIIPaBJIiHHS MO3UIIEI0 Pe3yNbTaTiB BUKOHYETHCS CTPYKTYpyBaHHS crieliudiyHuX 3aBlIaHb 3 QuibTpalii,
sKi 0OOB'SI3KOBO TOBMHHI BHKOHYBAaTH CTa)KUCTH, 3 TUM LI00 TapaHTYBaTH HE MEPEBUIICHHS 3a3laJIerilb
BH3HAUYEHOTO PiBHSI MiATOTOBKH. {71 3210BOJICHHS MTOCTAaBIEHOI METH, BU3HAYEHO HaOip Memia 3aco0iB Aus
3aCTOCYBaHHS: TPEHYBaHHS 3 YacCTKOBHX 3aBJaHb, IHIIN TPEHYBaJbHI MPHUCTPOi, TpeHEp-paaap,
aBToMaTu3oBaHe poboue micie"Curyaiis". O0roBopeHHs: nmpodeciiiHa miAroToOBKa aBiagucierdepa — qyKe
CKJIaMHUI 1 TPYNOMICTKHI TpoIec, B AKOMYy OepyTh y4acTh Oararo ¢axiBiiB Ta iHCTpykTopiB. [Ipomec
MiATOTOBKH Tpy0O TOIUIAETHCS HAa YaCTHHY 3 OTPUMAaHHS TEOPETUYHUX 3HAHPb Ta YACTHHY 3 MPaKTHIHOI
OiATOTOBKH, WI00 TEPEeTBOPUTH TEOPETUYHUI Marepial Ha TNPaKTHYHI HAaBUYKH 33 JOMOMOTOIO
JHUCIIETYEPCHKOTO TpeHaxepy. s THMUacoBoi mepeBipKH ICHYIOTh 3arajibHi KpUTepil OLiHIOBaHHS HAaBUYOK
3a TaKUMH TEXHOJIOTIYHHUMH OIEpalisMy: MPUAHATTS YepryBaHHS Ha poOOYOMY Miclli, aJeKBaTHICTh
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¢pazeosnorii, KoopAuHaLisg 3 CYMDKHUMH MigPO3AiJIaMU, PETYJSPHICTh MOJBOTIB, TOUYHICTH BCTAHOBIICHHS
MICIENOJIOKEHHSI TOBITPSHUX CYCH, BIAINOBIMHICTh MPUHHSTTS pillleHb JJIS JaHOI CHUTYyarlii, 3a0e3rnevYeHHs
HAJIeKHOTO eIENIOHYBaHHS Ta 3arajibHi acleKTy 3abe3rneueHHs 0e3MeKu MOIbOTIB, aJJleKBaTHOCTI ITyJIbTOBUX
omeparliif. [HCTPYKTOp OIIIHIOE CTa)KUCTA 3a BCiMa MOro AisIMM, MOYHWHAIOYM BiJl TOTOBHOCTI BUKOHYBaTH
3aBJIaHHS, 3aKiHYMBIIN aHATI30M 3BOPOTHOTO 3B'A3KY Ta HAJaHHIM MONANBIINX pekoMeHpamiid. [loBHOTa,
aZICKBAaTHICTh Ta SAKICTh 3a3HAYCHUX BHUIIE PE3YNIBTATIB 3aJIe’KaTh OE3MOCEePEaHBO BiJl SKOCTI IHCTPYKTOpa.
Kpim TOT0, 0COOMCTICHI acmeKTH IHCTPYKTOpa, HOTO 3/IaTHICTh KEPYBaTH IMPOIECOM IMiATOTOBKH CTAXKHUCTA
IHAMBIIyalIbHO, BMIHHS BHKOHYBaTH TIPOTHO3 TIPOIECY OTPUMAaHHS HABUYOK, BMIHHS 3aCTOCYBaTH
IHAMBIIyallbHY CTPATETif0 HA0YTTS HABHMYOK JJISI CTAXKUCTA TOIIO.

KuarouoBi cioBa: apiagucreryep; iHIUBIAyalbHUH MiAXil; KPUTEpIii OI[IHIOBAHHS, Me/iaHa; poOacTHUI
METO/I; CTATUCTHKA IIOMUIOK; TpEHAKEePHA ITiIrOTOBKA.
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Henamu padoThl SBIIETCS YCTAHOBIEHHE ONTHMAJIBHOIO YPOBHS TOATOTOBKH, CTPYKTYpPHpPOBaHHE
Ipolecca TPEeHAKEPHOM TMOATOTOBKM W aHAIU3 pPEe3yJbTaTOB MOATOTOBKM HHCTpPyKTOpoM. MeToabl Aiis
OTIpeleNICHUs ONTHMAJIBHOTO YPOBHS INOATOTOBKM IOBUTM BBIOpaHBI cienytomme: 3To PoOacTHeid MeTon,
METOJA CPEOHHMX KBaApaToB M MeToJ cpenHeidl menuanel. Haubosnee HameXHBIM METOAOM AT 3aIUTHI
BBIXOJHBIX JaHHBIX M30paH PoGactHblii MeTox. Pesyabrarsi: [l ympaBieHHs HO3MIUEH pPe3ylbTaToB
BBIMOJIHACTCS CTPYKTYPHUPOBaHHE clieu(UIecKnx 3aaad Mo (GuiIbTpaluy, KOTOpbIE 005S3aTEIBHO JOJKHBI
BBINOJIHATh CTaXEPhl, C TEM YTOOBI I'apaHTUPOBATH HE MPEBBILIICHUE 3apaHee OIPEIEeSICHHOIO YPOBHS
MOATOTOBKU. [l ynOBIEeTBOpEeHUS TIIOCTaBIEHHOW IIeNM, OMpeneslieH Habop Meaua CpeacTB s
MPUMEHEHUS: TPEHUPOBKM C YACTHBIX 3a/4ad, JApYrHe TpPEHUPOBOYHBIE YCTPOWCTBA, TpEHEp-paaap,
aBToMaTu3MpoBaHHoe pabouee wmecto "Curyamusa"'. O6cyxnenme: I[IpodeccroHanbHas MOATOTOBKA
aBuUaJMCIieTdepa - 3TO OYEHb CIOXKHBIH W TPYAOEMKHH IIpollecC, B KOTOPOM YYacTBYIOT MHOTHE
CIEeUUATUCTEl M HMHCTPYKTOpHL. llpolecc MOATOTOBKM TpyOO HENUTCAs HA YacTh MO IOJyYEHHIO
TEOPETUUECKUX 3HAHUM M 4aCTh MPAKTHUECKON MOATOTOBKHU, YTOOBI MPe0OpasuTh TEOPETUIECKUN MaTepHal
B MPAKTUYECKHUE HABBIKU C MIOMOILBIO TUCIIETYEPCKOro TpeHaxepa. [ BpeMeHHO! POBEPKU CYIECTBYIOT
o0IllMe KPHUTEPUU OICHUBAHUS HABBIKOB [0 CIECIYIONMM TEXHOJIOTHUYECKHUM OIEpaIisiM: TPHHSATHE
OeKypcTBa Ha paboyeM MecTe, alIeKBaTHOCTh  (pa3eosorud, KOOPAMHALMS CO  CMEKHBIMHU
[OJPA3ENCHUAMH, PETYJIPHOCTh II0JIETOB, TOYHOCTh YCTAHOBKHM MECTOIIOJIOKEHHS BO3IYIIHBIX CYZOB,
COOTBETCTBHE NPUHATHUS PEIICHUH IS TaHHOW CUTyalnH, oOecrieueHre HaIe)Kallero 3IIeIOHIPOBaHUS U
o0Imue acmeKThl obecriedueHusi 0e30MacHOCTH MOJETOB, aJeKBaTHOCTU IMyJBTOBBIX omepauuil. MHCTpyKTOp
OLICHMBAET CTa)KEpa 0 BCEM €ro ACUCTBHUAM, HaYMHAs OT TOTOBHOCTH BBHINOJIHATH 3aJaHHE, 3aKaHYUBAas
aHAIM30M OOpaTHOW CBSI3W W TPEIOCTABICHHUEM IAIBHEHITHX pekoMmeHmaruid. [lomHOTa, aaeKBaTHOCTh M
KaueCcTBO yKa3aHHBIX BBILIE PE3yJIbTATOB 3aBUCAT HEMOCPEACTBEHHO OT KauecTBa MHCTpyKTopa. Kpome Toro,
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