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APPLIANCE OF AREA UNDER AIR TRAFFIC CONTROLLER ESTIMATE
FUNCTION FOR MAIN DECISION TAKING DOMINANT DETERMINATION

Main factor of ICAO flight safety concept “aviation personnel attitude to safe actions and conditions” along
with human factor influence on flight safety are indicators of tight interconnection of ICAO flight safety con-
cept components. Such attitude concerning air traffic controllers is determined with help of closed decision
taking tasks and estimate usefulness functions construction and research. So called “risk premium” base on
single key point here is main instrument to find decision taking dominant that defines air traffic controller atti-
tude to flight level norms violation (tending, indifferent, non-tending to risk). Improved criterion based on ar-
eas under usefulness function is proposed. It was found that new criterion has higher precision comparing to
classic one.

Keywords: air traffic controllers attitude to flight norms violations, closed decision taking task, estimate use-
fulness function characteristic points, risk premium, efficiency of main decision taking dominant determina-

tion.
Introduction

Research of usefulness estimation functions (UES)
shows their applicability for air traffic controllers
(ATCs) attitude determination concerning risk circum-
stances in decision taking process. This will help in both
decrease of hazards number for flight safety (FS) and
ICAO tolerability matrix decision with involvements of
real tangible and clear parameters of professional activ-
ity. Improvement of different risks types classification
and separation is expected as well along with increased
data accumulation efficiency and ICAO “software”
components upgrade in decision making support sys-
tems.

ATCs professional experience taken into account
leads to quantitative analysis of actual human factor
(HF) based risk and allows to estimate efforts directed
on risk management in parallel with ATCs risk attitude
examination. Since ATCs work may be presented as
continuous chain of decision, found and implemented in
risky conditions, proactive and advance ATCs risk atti-
tude determination is extremely urgent. All mentioned
above allows to combine formal decision taking task
(DTT) in risk conditions.

General disadvantage of most researches about HF
influence upon FS is their retroactive or statistically
based approach to risk estimation, management and
control. Applying proactive strategy of HF inclusion
here responds to the risk managements quality increase.

Previous researches analysis

Taking into account UES that allows to find ATCs

risk attitude proactively is one of conditions for creating
aircraft model in air-navigation systems. UES construc-
tion commonly is connected with economical topics and
was firstly adapted for HF research in civil aviation in
paper [1]. Further development of proposed methods
and models were made in [2-9].

It is important to note that consequences analysis
is important part of decision making in management and
control systems. It is based on certain subjective useful-
ness value assigned to every possible outcome of differ-
ent taken solutions. This value corresponds to UES.
Usefulness is key meaning of rational solutions theory
and in psychology [10-14]. It plays great role in deci-
sion taking processes. Besides usefulness of any profes-
sional activity characteristic depends on aviation opera-
tor state, particularly on its goals structure as ATCs [15-
18].

There exists well known solution of closed DTT
that uses three key points. Such solution allows to find
ATCs risk attitude (tending, indifferent, not tending)
which defines main decision taking dominant (MDTD)
[19]. This information is very important because it al-
lows to foresee ATCs behavior and preventively correct
its actions.

Unfortunately in some cases investigated behavior
wasn’t of predicted type according to researches. Main
cause for this is lack of key points used for risk attitude
description and analysis [20-28]. For ATCs all re-
searches took into account normative distances between
aircrafts in different flight circumstances. For these
conditions two boarder key points Sy and S; had use-

fulness of 0 and 1 correspondingly. They were place for
distances between aircrafts in 0 km. and full flight level

© O. M. Reva, S. P. Borsuk
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norm distance. Third standard middle point had S s

usefulness of 0,5 and its corresponding distance said to
be half of flight level norm distance. Mentioned method
that use so called risk premium may be defined as fol-
lowing:
>0 - nottending torisk,
RP=S- Sos =1<0 - tendingtorisk,
=0 - imdifferent torisk.

Where S - is calculated middle key point value, found
from respondent polling:
S=0,5-S5+0,5-8;=0,5-(Sy +5;) -
It should be mentioned that single key point S 5
is used at described method of MDTD which corre-
sponds to lottery equivalent with usefulness of 0,5. This

means that operator opinions are ignored at intermediate
points of taken continuum regardless of its size.

Problem statement

To improve MDTD by additional key points and
compare results with basic approach.

Research results

Classical approach for ATC risk attitude determi-
nation by UES with help of three key-points is based on
“parameter-usefulness” plane. Two points are S=0 i
S=Sygnc for flight level norm with usefulness

u(8=8p=0)=fur(So) =0,
{u(Sle =)= fup (S1) =1.

Third key point parameter Sjs is found from

ATC polling by lottery method (fig. 1). Same method
will be applied to find two more intermediate point be-
tween central and boarder points. These points are Sy s
and Sy 75 and they are obtained as following.

Integrative ATC attitude to risk is found in follow-
ing way. For rising UES tendency of ATC to risk is wit-
nessed by graph curvature to top. In other words area
above the graph is less than area below the graph. Non-
tendency to risk is witnessed by vice versa proportion.
Equal areas above and below the line means that ATC is
indifferent to risk (fig. 2).

a)
0 S
Chances 50% 50% B)
- ~— g
Lottery equivalent
Sos === Sos Si
Chances 50% 50%
- g
6) . o ~"
ottery equivalent So.7s
0 So.s
50% 50% Chances
- g
g Lottery
Soas equivalent

Fig. 1. Lottery for ATC flight level norms risk attitude key points determination

Really, figure (fig. 2.a) contains two triangles
AS,DE=AS,SE which areas are defined as:

1 1
SasgDE = SasgsiE =551 fur(S1)= 55

It is clear that hypotenuse of those triangles is
SoDES; rectangle diagonal and it defines linear useful-
ness of flight level norm for current ATC, i.e. its risk
indifference.

On the other hand line on figure (2.b) also witness
about risk indifference in case of three key points analy-
sis. But it is obvious that using five key points analysis
witnesses about S)ABCES; area being less than ASyS|E
area Sg ABCES, < Ss,Es, - This leads to change in analy-

sis results and their correction. In general case
SoABCES; area can be found from well known formu-
las for geometrical shapes.
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. D E
fur(S)
075 | oo C
05 | oo 1-3. !
025 [_____.A | !
0 ' ' !
SO SO,ZS SO 5 SO,75 Sl
a)

| D E
fr(S)
075 | oo C
05 L. __.___.._._B 5
025 | ...~ Lo 5
0 L !
SO SO,ZS SO5 SO,75 Sl
b)

Fig. 2. Areas for ATC attitude close to the line received by lottery method for:
a —risk indifference; b — certain risk attitude

Ar(SoABCES) ) =S5 s, ,5 S5, ,5ABS) 5 + 55 5BCS 75 S5 75CES; =
= %{SO,ZSfUF (30,25 ) + (So,s =S5 )[fUF (So,zs ) +fup (So,s )J +

+(S0.75 ~So 5 )[fUF (So,5 )+ fur (So.75 )J +(S1-S0.75 )[fUF (So.75 )+ fur (S, )J} =

204 4

= l[lso,zs +3(So,5 =S0,25 )+%(So,75 ~So5 )"’%(Sl =S0,75 )} =

_ %[So,zs +3(S05-S025)+5(S0.75 ~S0.5 )+ 7(S1 ~So75) | =

= %[78] - 2(So,zs +S0,5 +S0,75 )]

Thus risk premium will be:
1
RP = S] —Z|:7 'S] —2'(80’25 +SO,5 +SO,75 ):| =

>0 - tendenttorisk,
=1<0
=0 - indifferent torisk.

— non — tendent torisk,

For real polling results analysis polling of 132
ATC students was used. For example answer of respon-
dent #1 had following parameters:

So = 0,80 25 =9 km., Sy 5 =12 km.,
( So.75 =19 km., §; = 20 km. ]
According to classical approach:
HP, =S-S5 =0,5(0+20)-12=-2<0.

Thus current results shows that respondent tends to
risk. To thech this result new method is applied as fol-
lowing:

HP =, ‘%'[7'51 ~2+(S0.25 +S035 +So,75)} =

=20—%-[7-20—2-(9+12+19)]=5>0.

This result improves initial one because of greater
number of key points and capability of tendency to be
determined wrong that was shown earlier in the paper.

Conclusions

New method for main decision taking dominants
determination that is based on risk premium for five key
points of estimate usefulness function was proposed and
successfully tested.

This method allows to verify, improve and in case
of necessity correct initial results that leads to further
improvement of human factor parameters analysis. This
in its turn cause improvements of human factor parame-
ters use that is very important for air traffic control area.

Further researches should be help in direction of:

-spreading proposed method into all variety of
flight norms recommended by ICAO;

-implementing of received results into ATC edu-
cational process;

—development of intellectual solution taking sup-
port module for ATC.
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HUI aBiauiiHuil yHiBepcuteT, Kuis.

MPUCTOCOBHICTbH ILIOIII I OLITHOYHOKO ®YHKIIIIO ABIAIIIMHOI'O JUCIETYEPA
JIJISI BUSIBJIEHHSI OCHOBHOI JOMIHAHTHU NNPUMHSTTS PIILIEHD

O. M. Pesa, C. I1. Bopcyx

OcHoBHUi1 (akrop KoHuenuii Jp0THOI Oe3nekn ICAO «BifHOIIEHHS aBiallifHOrO MEPCOHANy 10 OE3MeYHUX
Il Ta YMOB» TOpPS[ 13 JIIOACBKUM YMHHHKOM SIKMH BIUTUBa€ Ha O€3MEKy MOJBOTIB € IOKa3HUKaMHU JKOPCTKOTO
3B’SI3Ky Mi’K KOMIIOHEHTaMHU KOHIIeMIIi# 150THOT Oe3neku ICAQ. e BiAHONMICHHS Y BUIAIKY TUCIICTYCPIB KepYyBaH-
HSI IOBITPSIHUM PYXOM BH3HAYAETHCS 3aB/SIKM BUPILIEHHIO 3aKPUTOI 3aaui MPUUAHSTTS pillieHHs Ta ToOyIoBi i oc-
JIDKEHHIO OLIHOYHUX (YHKIIH KoprcHOCTI. Tak 3BaHa «HanbaBKa 3a PU3MK» L0 0a3yeThCs HAa €AMHIN KIFOUYOBIH
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TOYIl € OCHOBHUM IHCTPYMEHTOM JUISl 3HAXO/PKEHHS OCHOBHOI JOMIHAHTH TPHUAHSTTS pillleHb, SKa BU3HAYA€E Bif-
HOIIEHHS JWCIETYEpiB KEPyBaHHS IOBITPSHUM PYXOM 1O TOPYIICHHS HOPM JILOTHOI €KCIUTyaTallii (CXWIIBHICTB,
0ail1yXKiCTh, HECXUIIBHICTh 10 PU3HKY). 3alpOIIOHOBAHO PO3BUTOK KPUTEPil0 0a3yrouuch Ha IUIomax i GpyHKIie
KOPHCHOCTI. 3’COBaHO, 110 TOYHICTh HOBOT'O KPUTEPIIO BUINA 32 KIACHYHHHA.

Karwou4oBi cioBa: BiJIHOIIEHHSI JMCIETYEPIiB MOBITPSHOTO MPOCTOPY O HOPM EIIETIOHYBAaHHS IOBITPSHOTO
MIPOCTOPY, 3aKpHUTA 331a4a NPUHHATTS PillleHb, KJIFOUOBI TOYKH OLIHOYHOI (pYyHKIIIT KOPHCHOCTI, HaJi0aBKa 3a PU3HK,
e(EeKTUBHICTh 3HaXOKEHHsI OCHOBHOI JIOMIHAHTH ITPUHHATTS PillICHb.

MMPUCIIOCOBJEHHOCTD ILUIOIIAN IO/ OEHOYHO ®YHKIUENI
ABUALIMOHHOT'O IUCTIETYEPA /1151 BbISIBJIEHUSI
OCHOBHOI JOMUHAHTBI IPUHATHUS PEIIEHUI

A. H. Pesa, C. I1. Bopcyx

OcHoBHoO# (aktop xoHemnmu J€THoN Oe3onacHoctd ICAO «oTHOLIEHHE aBUAIMOHHOTO NepcoHaia K 0e30-
TIACHBIM JISHCTBHSAM M YCIIOBUSIM» HapsIy C YelIOBeYeCKUM (pakTOpOM KOTOpBIi BiIMsET Ha 0E30IacHOCTh MOJIETOB
SIBIISIETCS TIOKA3aTEISIMU JKECTKON CBSI3U MEXIy KOMIIOHEHTaMHU KoHuenuii nérnoii 6ezonacuoctu ICAO. Do o1-
HOIIIEHHE B CIIydae JIUCIIETYEPOB YIIPABICHUS BO3IYIIHBIM ABHKEHHEM OIpeAeiseTcs Onaronapsi pelieHuIo 3aKphbl-
TOW 3aJau¥l IPUHATHS PELICHUI U TIOCTPOCHUH M UCCIIEAOBAHNIO OLIEHOUHBIX (DYHKIMH MoNe3HOCTH. Tak Ha3biBae-
Masi «Ha/10aBKa 3a PUCK» OCHOBaHHAs Ha €JMHCTBEHHOH KIIFOUEBOM TOUKE SIBISIETCSI OCHOBHBIM MHCTPYMEHTOM IS
HaXOXJIeHHs1 0a30BOI JOMUHAHTHI PUHSTHUSI PELICHUH, KOTOpasl ONpe/eNisieT OTHOIIEHHE JANUCIIETYEPOB YIIPABICHUS
BO3/IYILIHBIM JIBM)KEHHEM K HapyIICHHIO HOPM JIETHOW SKCIUTyaTanuH (CKJIOHHOCTBh, PAaBHOIYIINE, HECKJIOHHOCTh K
pucky). [IpeanoxxeHo pa3BUTHE KPUTEPHs OCHOBBIBASCH HA IUIOLIAAX I0J (DYHKIMEW IMOJIE3HOCTH. ONPEAENIEHO,
YTO TOYHOCTh HOBOT'O KPUTEPHS BBIIIE KIIACCHYECKOTO.

KnrodeBble cj10Ba: OTHOIICHUE JUCIETYEPOB BO3LYIIHOTO MPOCTPAHCTBA K HOPMAaM SIIETOHHUPOBAHUS BO3-
JIIIHOTO TIPOCTPAHCTBA, 3aKPbITas 3ajJada NMPUHATHS PEUICHUH, KITI0YeBble TOYKH OIIEHOYHOW (YHKIMH MOJE3HO-
cTH, HagbaBKa 3a pUCK, 3PPEKTHBHOCTh HAXOXKIECHHUSI OCHOBHOM JJOMHUHAHTBI IPUHSTHUSI PELICHH.

PeBa Aunekceii HukonaeBuu — 1-p TexH. Hayk, npod., mpodeccop kKadeapsl AUCTAHIMOHHOTO OOYyYEHHs
HarmonansHOro aBHAIIMOHHOrO YHUBEpcuTeTa, Kues, YkpanHa, e-mail: ranS4@meta.ua.

Bopcyk Cepreii [1aBioBuY — KaHI. TE€XH. HAyK, JOI., JOIEHT KadeApbl aBHAIIOHHBIX KOMIIBIOTEPHO-
HHTETPUPOBAHHBIX KOMIUIEKCOB HalMOHAJIBHOTO aBHAIMOHHOTO YHHBepcuTera, KueB, VYkpauHa, e-mail:
greyls@yandex.ru.
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partment of National aviation university, Kyiv, Ukraine, e-mail: ran54@meta.ua.

Borsuk Serhii Pavlovych — Candidate of Technical Science, docent, Associate Professor of Department of
aviation computer-integrated complexes of National aviation university, Kyiv, Ukraine, e-mail: greyls@yandex.ru.



MIHICTEPCTBO OCBITU I HAYKH YKPAIHU
HauionaabHuii aepokocmiunuii yHiBepeuret im. M. €. /KykoBcbkoro
“XapkiBcbkuil aBiauiiHuil iHCTUTYT”

ABIAIITHHO-KOCMIYHA TEXHIKA
I TEXHOJIOT'IA
7°2016

Anpeca pegakuii:
HaujioHanbHWIn aepoKkocMivHMI yHiBepcuTeT iM. M. €. JKykoBCcbKoro
"XapkKiBCbKuii aBiaLliHum iHCTUTYT"
Ykpaina, 61070, Xapkis—70, Byn. Ykanosa, 17
e-mail: ntrio@khai.edu, alexlesch@mail.ru, aleksandr.leshchenko@gmail.com, alexlesch@ukr.net
Bignpykosano ©OII Jlucenko L. b.
61070, Xapkis — 70, Byn. Ukanosa, 17, MoTopHuii kopmyc, k. 147
CB1101ITBO IIPO BHECEHHS Cy0’€KTa BUIABHUYOI CIIPABU JI0 AE€P>KaBHOIO PEECTPY BUIABLIB, BUTOTIBHUKIB
1 po3noBCIOXKYBauiB BuaaBHu4oi npoaykuii JIK Ne 2607 Bix 11.09.06 p.

Yeaswcaemvie pyxosooumenu npeonpusamuii (opeanuzayuii),
CHeyuanucmol, Yumamesu, AgMOPsvl HCypHANLA
"AeuauuonHHo-KOCMUYECKAA MEeXHUKA U mexHonozusa'"!

MpopormkaeTca nognucka Ha 2016 .
NHpaekc xypHana B KaTanore nognucHblx nsgaHum YkpavHol — 08985

ABUALIMOHHO-KOCMUYECKAJd TEXHUKA
U TEXHOJIOI' Ut

7°2016

OTtBercTBeHHbIH 32 Bbiyck C. B. Enudanos

Penakrop H. B. Anuesa
Komnbrorepusiit Habop T. C. [Tucknosoit
Komnerotepnas Bepcrka 0. A. Jlemenko

OpuruHan-MakeT H3roTOBJIEH Ha Kadeape nHOOPMALIMOHHBIX YIPABISIONIUX CUCTEM
HanmonaneHoro aspokocmuueckoro ynusepeurera um. H. E. JKykoBckoro
“XapbKOBCKUI aBUAIIMOHHBIN HHCTUTYT

Iloamnucano B meyats 23.06.2016
®opmar 60x84 1/8. bym. ode. Ne 2. Odpe. meu.
VYen. med. 1. 22,01, Yu.-uzn. m. 21,24, T. 100 sk3. 3aka3 231. llena gqoroBopHas

Apnpec pegakuuu:
HaumnoHanbHbIM aspokocMudeckuii yumsepeuteT um. H. E. JKykosckoro
"XapbKOBCKWIN aBNaLMOHHbLIA MHCTUTYT"
YkpawuHa, 61070, Xapbkoe-70, yn. Ykanosa, 17
e-mail: ntrio@khai.edu, alexlesch@mail.ru, aleksandr.leshchenko@gmail.com, alexlesch@ukr.net

Orneuyarano ®JIII JIsicenko U. b.
61070, XapbkoB — 70, y;i1. Ukasnosa, 17, MOTOpHBIN KOpHyC, K. 147
CBUJIETEIBCTBO O BHECEHUH CYOBEKTA H3/1aTeIBCKOr0 Jiefia B TOCYJAPCTBCHHBIN PEeecTp M3/aTeNei, H3rOTOBUTENICH
U pacnpocTpaHuTeneit n3garenbekoit npoaykiuu JIK Ne 2607 ot 11.09.06 .




