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Abstract

Purpose: estimation of the influence of five different types of bad weather conditions: fog, wind shear, thunderstorm,
icing and snow on the aircraft operations during three stages of flight: takeoff and climb, enroute, descent and landing.
Methods: using the significance of influence on the flight operations as the parameter of comparison, bad weather
conditions are compared by experts in their questionnaires. With the help of expert judgement method, the experts’
group opinions are obtained, coordinated, the significance of calculations criteria and weight coefficients are
calculated. Using the results of calculations, the general histogram of weight coefficients for three different stages of
flight is built, representing the significance of bad weather conditions influence on aircraft operations. Results: the
expert system methodology presented in this work helps to evaluate the impact of weather events on the flight
operations and select the appropriate measures of preventing bad weather conditions influence on each stage of flight.
Discussion: the derived expert system can be used in airplane operations to evaluate the impact caused by weather, for
further improvement of the situational awareness and decision making process of aviation staff with the application of
new artificial intelligence technologies.

Keywords: accident; artificial intelligence; bad weather conditions; expert judgement method; machine learning; stages
of flight
1. Introduction The derived estimations in this article could be
used in airplane operations to evaluate the impact
caused by weather and to implement the new
technology and new ‘ways’ of displaying
meteorological information in a way that is
consistent with safe and efficient practices [2].
Nowadays International ~ Civil  Aviation
Organization (ICAO) documents recommend
developing Intelligent Expert Systems in aviation to
support decision making of operators. The
effectiveness of aviation systems and the provision
of flight safety depend primarily on the reliability of
a human-operator as well as his timely professional
decisions. Nowadays in documents of ICAO defined
new added approaches for achieving the main goal
of ICAO enhancing the effectiveness of global
aviation security, and improving the practical and
sustainable implementation of preventive aviation
security measure. The Global Aviation Security Plan

Various weather conditions can significantly affect
aircraft operations in different ways — from the
everyday consideration of wind strength and
direction, to the more unusual challenges such as
snow or heavy fog. Low cloud, fog and rain may
reduce visibility at or around an airport while
thunderstorms and lightning can cause serious
disruption to flight schedules [1]. Fog has the ability
to limit surface visibility to less than 1 km, which
can have a significant impact on operations. Snow
and blowing snow can greatly affect aircraft on the
ground, as well as during climb and descend. Wind
shear has a significant effect during take-off and
landing due to its effects on control of the aircraft,
and it has been a sole or contributing cause of many
aviation accidents. In-flight icing is one of the

greatest dangers of cold weather flying because it
causes airflow disruption that decreases the aircraft’s
control and performance. Thunderstorms represent
some of the worst dangers in aviation as they are one
of the most hazardous conditions you can encounter.

(GASP) identifies five key outcomes for improving
effectiveness, such as:

1) enhancing awareness and response of risk;

2) development of security culture and human
capability;
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3) improving and
foster innovation;

4) improving oversight and quality assurance;

5) increasing cooperation and support between
states.

So, the quality of decisions dependences from the
development and using of innovative technology in
aviation is known nowadays as Artificial
Intelligence (Al) [3]. Developing of Al in ANS such
as Expert system (ES), Decision Support Systems
(DSS), are considering new concepts in aviation
need with using modern information technologies
and modern courses such as Data Science, Big Data,
Data Mining, Multi-Criteria Decision Analysis,
Collaboration DM (CDM), Block chain, etc. [4]

The Human Factor still has a significant impact
on flight safety — nearly 80% of aviation events are
due to the fault of people [5]. The theory of human
factor is gradually developing, tested and
institutionalized. The evolution of the aviation
system in the direction of a complex socio-technical
system with gradual changes and additions to the
well-known model of the human factor SHEL
(1972) to date is given in [6-11].

The authors distinguish stages of the evolution of
Human Factor models in aviation, related to the
emergence of new components of the aviation
system and to improve the diagnosis of Air
Navigation System's (ANS’s) human-operators (H-
O) errors:

1) Professional Skills / Interaction / Errors.

2) Cooperation in team / Interaction in Team /
Error Detection.

3) Culture / Safety / Errors Prevention.

4) Safety Management / Safety Balance
Models / Minimization of Errors.
5) Collaborative  (Joint)
(DM) / Data for DM, etc.

For today, the key to ensuring the safety of flights is
the problem of the organization of collaborative
decision-making (CDM) by all the operational
partners — airports, air traffic control services,
airlines and ground operators — on the basis of
general information on the flight process and ground
handling of the aircraft in the airport [10].

The Global Operating Concept for Air Traffic
Management (ATM) [12] provides for the provision
of a joint (pilot — air traffic controller (ATC)) DM
air traffic control unit based on a dialogue between
them and real-time information evaluation at all
stages of the flight. Coherent, clear interaction

technological resources

Decision-Making

between pilot and ATC is most important in
emergency in flight. The bad weather conditions
influence on different phases of flight. The ATC is
responsible for the correctness and timeliness of the
information and advice that given to flight crew, so
the ATC in such situations is also given a significant
role [13, 14]. The main requirement for the ATC
when an emergency arises is the constant readiness
to provide the necessary assistance to the flight
crew, depending on the type of situation, taking into
account the air situation and meteorological
conditions. One of the factors that greatly
complicate the interaction between pilot and ATC is
the inadequate knowledge of the flight crew
procedures performed in emergency [15].

2. Analysis of the latest research and publications

Data of the National Transportation Safety Board
(NTSB) shows, that during the last 10 years 21, 3%
aviation accidents happened due to weather
conditions, of which 39,1% - in bad weather
conditions. The major cause of aviation accidents in
bad weather conditions (68%) considered improper
and untimely DM by crew of the aircraft [16]. Poor
weather conditions still represent the largest
component for environmental factors — according to
IATA Safety Report for year 2016 bad weather
conditions are present in 49 percent of the accidents
[17].

The lives of air passengers in the sky and people
on the ground depend on the adequate interaction
between the pilot and ATC.

According to the statistics of the Aviation Safety
Network (ASN) [18], during the second half of the
20th century due to problems in interaction pilot —
ATC (language barrier, communicating problems,
ATC's interference in the flight crew, wrong ATC
instructions / commands, etc.) Killed about 2 000
people in aviation accidents.

Thus the following accident statistics with
contributory cause of weather is presented in the
Aviation Safety Network safety database:

1) 224 occurrences caused by icing (including
133 loss of control, 15 forced landings outside
airport, 11 all engine power loss);

2) 132 occurrences caused by low visibility
(including 55 Controlled Flight into Terrain (CFIT)
— Ground, 26 Controlled Flight into Terrain (CFIT)
— Mountain, 9 loss of control);

3) 116 occurrences caused by windshear or
downdraft (including 36 loss of control, 18 runway
mishaps, 9 heavy landings);
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4) 91 occurrences caused by turbulence
(including 55 loss of control, 19 wing failures, 11
runway excursions);

5) 26 thunderstorm occurrences (including
20 loss of control, 4 airframe failures, 2 instrumental
issues).

In many respects, the World area forecast system
(WAFS) and the ICAQ direct satellite broadcasts have
already made the transition to a seamless and
transparent  system, which, moreover, is also
converging with systems for the exchange of
Operational meteorological information (OPMET)
messages. The global ATM system will require access
to global meteorological information on a far shorter
timescale than has been customary in the past. In many
cases, virtual “instant” access, including real-time data,
will be required.

Such stringent requirements will dictate that as
many of the processes as possible, which the systems
comprise, must be automated.

The meteorologists’ input will be increasingly
transferred to the beginning of the processes, even to
the extent of transferring knowledge and experience
through artificial intelligence to dedicated expert
systems [3].

3. Research tasks

The research tasks are:

— to estimate the significance of bad weather
conditions influence on the aircraft operations during
three stages of flight.

— to build the histograms of weight coefficients
for three different stages of flight.

— to define the most
conditions for each stage of flight.

influential weather

4. The estimation of bad weather conditions
influence on different phases of flight using EJM

Expert System is one of type of the Atrtificial
Intelligence (Al) systems. Besides Al technologies can
be clustered in the following capabilities, such as
Machine Learning (ML); Natural Language Processing
(NLP); vision; speech; planning; robotics, decision
support system, etc. In Al, an expert system is a
computer system that simulates the decision-making
ability of a human [19].

Expert systems are designed to solve complex
problems by reasoning through bodies of knowledge,
represented as if-then rules rather than through
procedural code. The first expert systems were created

in the 1970s and then proliferated in the 1980s. Expert
systems were among the first truly successful forms of
Al software. To build an expert system, the Expert
Judgement Method (EJM) is used.

Algorithm of Expert Judgment Method is presented
on Fig.1.

YVvY
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Questionary for
experts, m>30
No

To build matrix of individual
preferences, Ri, i=Im

To build matrix of group
preferences, Rgr

To determine coordination of
the experts opinions for each
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Dj; 0j;vj, j=1.n

To use Kendal’s coefficient of
concordance, W

No -

ws0,7
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The significance of calculations
2
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o determine weight coefficients,
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To build graph (weight
coefficients)

Fig. 1. Using EJM for building Expert Systems

Main steps of building Expert system:

1. System analysis of complex system.

2. Decomposition complex systems on
subsystems:

a. Definition subsystems for expert estimation
of their significance and description of the
characteristics of subsystems;

b. Definition of criteria estimation (3-5 criteria)
and description of criteria features;
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c.  Estimation of subsystems using Expert
Judgment Method (EJM) by criterion Nel and
obtaining weight coefficients of subsystem significance
by criterion Nel;

d. Analogical calculation for the next criteria.

3. Aggregation subsystems in systems:

a. Additive aggregation of criteria (1):

K
W, = sz fk @)
k=1
b. Multiplicative aggregation of criteria (2):
W, = 22 S )

4.  Graphical presentation of Expert System.

For example, let’s estimate the significance of bad
weather conditions influence on the aircraft operations
during three stages of flight using EJM:

1) Matrices of individual preferences were
obtained after ten experts completed their
guestionnaires.

2) Matrix of group preferences of expert’s
opinions on takeoff/climb; on route; on
descend/landing in Table 1. The experts’ group
opinion for each condition was obtained according to
the values of experts individual preferences by the

formula (3): —_
Roj= === 3)

Table 1
Expert’s group opinion on takeoff/climb; on route; on
descend/landing in flight

Wind | Thunder .
Ror Fog shear | storm Icing | Snow
takeoft/ 159 1215 | 355 47 |25
climb
enroute 47 | 2,35 1,25 2,55 4,15
descend/ | 55 | 195 | 425 28 |24
landing

3) Determination the coordination of expert’s
opinions (Table 2):
Dispersion for each factor is calculated by the
formula (4):

V(R -R )
Dj = i:l( o ') @)
m-1

Square deviation is calculated by the formula (5):

o=y} ©

Coefficient of the variation for each factor is
calculated by the formula (6):

=91 4100%
V. —? 0 (6)

]
ar]

If coefficient of variation is vj < 33% - opinion of
the experts is coordinated.

If coefficient of variation is v; > 33% - opinion of
the experts isn’t coordinated.

Table 2
Coordination of expert’s opinions
v, % Fog Wind | Thunder Icing | Snow
shear | storm

takeoff | 513 | 3805 [3215 |[102 | 59,62
climb
enroute 8,97 26,63 | 28,28 31,2 | 13,96
descend/ | 591 | 7875 | 2099 | 204 | 4258
landing
4) Determination of Kendal’s coordination

coefficient
If coefficient of variation is more than 33%, it is
necessary to define Kendal’s coordination coefficient
by the following formula (7):
W= 12S _ , ©)
m?(n®—n)—-m> T,
j=1

where S :Z(Zm: R,—R)*, T,=>.(t°-t).

Results of Kendal’s coordination coefficient are
coordinated: W=0.53 (takeoff/climb); W=0.96
(enroute); W=0.36 (descend/landing).

5) Determination of correlation coefficient of

Spirman, Rs

With the help of rating correlation coefficient Rs
(Spirman correlation coefficient) the opinion of the
group of experts and expert Nel are compared by the
formula (8):

62 (% -y’
I’Si :1—W. (8)

Results of correlation coefficient of Spirman, R
are coordinated: Rs =0.97 (takeoff/climb); Rs =0.99
(enroute); Rs =0.91 (descend/landing).

6) Determination of significance of calculations,

criterion 2
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pie s .0
12( 1 ZT’

j=1

lm(

For all calculations results are significance, x2 > 0.5.
To calculate significance of the calculations of Rs

(takeoff/climb);

(descend/landing).
7) Determination of weight coefficients

Weight coefficients are defined in Table 3 using the

formula (11):

= 1215 (enroute); t; = 3.8

(Spirman’s coefficient) the Student's criterion t; should o, = C ,
be determined by the following formula (10): icj (11)
n—2 1=t
b =Ty 1C re (o) c g Rl
To compare calculated result t, with standard t; the ~ WNere N —estimates;
table of t; values needs to be used: ty = 6.91 Rj;- rank j-procedure for i expert.
Table 3
Calculations of weight coefficients on takeoff/climb; on route; on descend/landing in flight
Fog Wind shear Snow Thunderstorm Icing
Rank 1 2 3 4 5
& o |Ci 1 08 0.6 0.4 0.2
§ E |wi 0.33 0.267 0.2 0.1333 0.067
S © lambda 10 10 10 10 10
Total load 3.333 2.6666667 2 1.3333333 0.667
Rank 5 2 4 1 3
g Ci 0.2 0.8 0.4 1 0.6
= wi 0.067 0.2666667 0.133 0.3333333 0.2
w lambda 10 10 10 10 10
Total load 0.667 2.6666667 1.333 3.3333333 2
Rank 4 1 2 5 3
- o |Ci 0.4 1 0.8 0.2 0.6
§ S| Wi 0.13 0.333 0.267 0.0666 0.2
S S lambda 10 10 10 10 10
O = [Total load 1.333 3.333 2.667 0.66666 2
8) Plotting the graph Table 4
Using the results of weight coefficients \Weight coefficients of the biggest influence on flight

calculations (Table 4), general histogram of three
cases (Fig.2) was built, which shows that the biggest
influence on flight during:

- takeoff and climb has Fog;

- enroute has Thunderstorm;

- descend and landing has Wind shear;

And for all three stages of flight the most

influential is wind shear.

Meteorological W W W
conditions ! 2 3
Fog 0,33 0,07 0,13
Windshear 0,27 0,27 0,33
Thunderstorm 0,13 0,333 0,07
Icing 0,07 0,2 0,2
Snow 0,2 0,133 0,27

03
0,25
0,2
0,15
0.1
0,05
o

Windshe:

Thunderstorm

W takeoff/climb Wenroute i descend/landing

Fig. 2. Weight coefficients of bad weather
conditions during different phases of flight
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Fog Thunderstorm | <
Icing “\“ y“
Windshear Windshear
Snow < Snow X
Icing “-\W
TAKE OFF CLIMB ENROUTE DESCEND LANDING

Fig. 3. Relation of bad weather conditions to the different phases of flight

5. Application of new technologies in displaying
meteorological information

The US National Oceanic and Atmospheric
Administration (NOAA) has tested three machine-
learning methods: GBRT (Gradient Boosted
Regression Trees), RF (Radio Frequency Machine
Learning) and elastic nets, to improve their
forecasts. A group of researchers from the NOAA
found that “applying Al techniques along with a
physical understanding of the environment can
significantly improve the prediction skill for
multiple types of high-impact weather” [20].

Thus, concerned about the potential for human
error, ICAO started looking at smart, cost-effective
solutions using Al and Machine Learning
technology which users could easily access. The
NOTAM Organisational and Recognition Model
(NORM) has been developed as the Al technology
to help assess the criticality of NOTAMSs providing
an important piece of information which is essential
to personnel concerned with flight operations. ICAO
chief of integrated aviation analysis, Marco Merens
stated that “now NORM understands the context of
each NOTAM and classifies the criticality score
from 1 (not significant) to 5 (very critical), just like
humans do” [21].

6. Conclusions

Using expert judgement method, the influence of 5
types of bad weather conditions (fog, wind shear,
thunderstorm, icing and snow) on the aircraft

operations was estimated during three stages of
flight:

- Takeoff and climb

- Enroute

- Descend and landing.

To provide an efficient method to capture the
impact of weather, using the results of calculations,
the general histogram of weight coefficients for
three different stages of flight was built which shows
that the biggest influence:

- On takeoff and climb has Fog
- On enroute has Thunderstorm
- On descend and landing has Wind shear.

And for all three stages of flight the most
influential is wind shear.

To sum up, the methodology presented in this
article evaluates the impact of weather events on the
flight. These derived estimations could be used for
further improvement of the situational awareness
and decision making process of pilots through the
application of current technologies, and the
development and deployment of new artificial
intelligence technologies in order to make the
aviation system less vulnerable to weather events [2].
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Mera: oIiHKa BIUIMBY I'ATH PI3HUX THIIIB HECHIPHUATIMBUX IOTOJHHX YMOB: TyYMaHy, 3CyBY BITpY, I'pO3H,
oOMep3aHHsI 1 CHIT'Y Ha €KCIUTyaTallilo MOBITPSHUX CYJIeH MPOTIrOM TPhOX €TalliB MOJBOTY: 3JIbOTY 1 HA0OpY
BHCOTH, MOJBOTY IO MapUIpyTy, 3HMKEHHS 1 mocaakd. MeToau: BUKOPUCTOBYIOUM 3HAYUMICTh BIUIUBY Ha
BHUKOHAHHS TOJILOTY SIK MTapaMeTp MOPIBHSHHS, EKCIIEPTH y CBOIX aHKeTaX MOPIBHSIIM HECTIPUATINBI MOTOAHI
YMOBH. 3a JJONIOMOT'OI0 METOAY €KCIEPTHUX OI[IHOK OTPUMAHO Ta Y3TOMKEHO y3arajbHEHY AYMKY TpyIH
eKCIIepTiB, OOYHMCIEHO KpHTepii 3HAYMMOCTI pO3paxyHKIB 1 BaroBi KkoedilieHTH. 3a pe3ynbTaTamu
PO3paxyHKiB MOOYIOBaHO 3arajbHy TiCTOrpaMy BaroBuX Koe(illi€HTiB IUIS TPHOX Pi3HUX €TAaIliB MOJILOTY,
o BigoOpakae 3HAYMMICTh BIUIMBY HECTIPUATIMBHX MOTOAHWX YMOB Ha €KCIUTyaTallil0 MOBITPSIHUX CYZCH.
Pe3yabTaTH: METOONOrISI €KCIIEPTHOT CUCTEMH, TIPEICTaBIIeHa B JaHid poOOTi, J0oroMarae OI[iHUTH BIUIUB
MOTOJHUX SBUI HA BHKOHAHHS IIOJILOTY Ta BUOpATH BIIIOBIAHI 3aX0mu IS 3alo0iraHHS BIUIMBY
HECIIPUATIMBUX MOTOJHUX YMOB IMPOTSITOM PI3HUX €TamiB MojboTy. OOGroBopeHHs: OTpUMaHa eKcIiepTHa
cHUCTeMa MO)Ke OyTM BUKOpPHCTaHa B €KCILIyaTallil MOBITPSHMX CYAEH JUIS OLIHKH BIUIMBY ITOTOIH, JUIS
MOJANBIIOT0 BJIOCKOHAJIEHHS CHUTYaI[ifHOT O0i3HAHOCTI Ta Tpollecy NPUAHATTS pillleHb aBialliifiHOTO
MepCOHATY 3 BUKOPUCTAHHSIM HOBHUX TEXHOJIOTIH MITYYHOTO IHTEIEKTY.

KarwuoBi cioBa: aBapist; IITyYHH IHTENEKT,; HECIPUATIMBI MOTOHI YMOBH; METOJ €KCIIEPTHUX OI[IHOK;
MaIlIMHHE HABYAHHS, €TAIH MTOJBOTY.
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Ouenka BJIUSIHUS HeOJIArONPUATHBIX MOTOIHBIX YCJIOBHI HAa Pa3IMyHbIe 3TANbI 10JIeTa ¢ IOMOLILI0
METO/a IKCIEPTHBIX OL[EHOK
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Henb: omeHKa BIUSHHS TSTH PA3IWYHBIX TUIIOB HEONATONMPHATHBIX MOTOJHBIX YCIOBWHN: TyMaHa, C/IBHTa
BETpa, TPo3bl, OOJICICHEHHS U CHEra Ha JKCILUTyaTallHi0 BO3IYIIHBIX CY/IOB B TEUCHHE TPEX JTAIOB IOJIeTa:
B3IlleTa M HA0Opa BBICOTHI, TOJIETa IO MAPUIPYTY, CHMYKEHHS U TIocaakd. MeToabl: HCIOoIb3ysl 3HAYUMOCTh
BIIMSIHUSL HA BBITIOJTHEHHE TIOJIETa B KAYeCTBE MapaMerpa CpaBHEHHUs, SKCIEPTHl B CBOMX aHKETaX CPaBHUIIH
HeOMaronpusTHbIE TIOroHbIe yeiaoBus. C MOMOIIBI0 METOa SKCIIEPTHBIX OIICHOK MOJMYYEHO U COTrNIACOBAHO
0000IIIeHHOE MHEHWE TPYMIBl 3KCIEPTOB, BBIYKCICHO KPUTEPUU 3HAYMMOCTH pPACUCTOB U BECOBBIC
ko durmentsl. [1o pe3ympraTam pacyeToB HOCTPOSHO OOIIYI0 TUCTOrPAaMMY BECOBBIX KOI(DQHUIIMEHTOB I
TpeX pasiIM4YHBIX JTAIMOB IOJIeTa, KOTOPasl OTPakaeT 3HAYMMOCTh BIIMSHUS HEONATrONMPHITHBIX MTOTOJHBIX
YCIOBUM Ha OJKCIUTyaTalldI0 BO3IYIIHBIX CyNOB. Pe3yJbTaTbl: METOMONOTHS 3KCIIEPTHOW CHCTEMBI,
Mpe/ICTaBICHHAS B IAHHOHM padoTe, MOMOraeT OIeHUTh BIUSTHHUE TIOTO/IHBIX SIBJICHUH Ha BBIMIOJIHEHUE TI0JIeTa
W BBIOpPaTh COOTBETCTBYIOIIME MEPhI JIIsl MPENOTBPAINCHUS BO3ACHCTBUS HEOIArONMPHATHBIX ITOTOHBIX
YCIOBUW B TEUCHUE PA3IMYHBIX 3TarnoB monera. QOcyskaeHne: MOTyYCHHAsS DKCIEPTHAS CHCTEMa MOXKET
OBITH HCIONB30BaHa B SKCIUTyaTal[Md BO3MYIIHBIX CYJOB JJIsl OICHKU BIMSHUS TOTOJBI, JJIS TaNbHEHUIIero
COBEPIICHCTBOBAHUS CHUTYAI[HOHHON OCBEJOMJIICHHOCTH W TPOIECCa MPHUHSATHS PEIICHUH aBHAIMOHHOTO
MEpCOHANIA C UCTIONB30BAaHUEM HOBBIX TEXHOJIOTHI HCKYCCTBEHHOIO HHTEIICKTA.

KimoueBble cioBa: aBapusi; HCKyCCTBeHHLIf/’I HUHTCIIICKT, H66J'IaFOHpI/IHTHLIe IOrOAHBIE YCJIIOBUSA;, METOA
SKCIEPTHBIX O CHOK; MAaIlIMHHOE O6y‘{6HI/IC; OTallbl ITOJICTA.
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