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ABSTRACT

According to various researches, one of main causes of flight accidents is human factors. It is
important to collect and anadyze event data in advance to minimize and prevent human errors by
developing safety checklist. As a result, international aviation industry developed FOQA(Flight Operations
Quality Assurance) for commercia airliners, and, upon its proven effectiveness, it is now highly
recommended to adopt for al operations of aircraft. Therefore, this thesis studied fundamental Airport
Risk factors identification Algorithm based on ICAO(International Civil Aviation Organization),
SMS(Safety Management Systems) and Matrix. Airport Risk factors identification algorithm has been
applied for methodology of this research and categorized by level of safety based on two factors:
Probability and Severity. In addition, dtitude, traffic volume, and actua Flight Operation history for
various airports, runway, aircraft model with different time and weather condition were used as variable
values. This study conducted regression analysis of ‘A’ organization’s flight event frequency and applied
ICAO SMS Matrix to categorize the severity of the events according to international standards. Based
on the anaysis, derived from fundamental Airport Risk Identification Algorithm, which can be a
proactive measure for safe operation. As a conseguence, this study assessed the Airport safety level of
each airport and drew a conclusion with countermeasures based on the problem found.
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1. Introduction

Airplane  accidents  occur  because  of
combination of various risk factors rather than
just one according to various researches, one of
main causes of flight accidents is human factors.

It is important to collect and analyze event ata
in advance to minimize and prevent human errors
by developing safety checklist. As a result,
international aviation industry developed
FOQA(Flight Operations Quality Assurance) for
commercial airliners, and, wupon its proven
effectiveness, it is now highly recommended to
adopt for al operations of aircraft.

Therefore, this thesis studied fundamental
Airport Risk factors identification Algorithm based
on ICAO(International Civil Aviation
Organization) SMS(Safety Management Systems)
and Matrix. Airport Risk factors identification
algorithm has been applied for methodology of
this research and categorized by level of safety
based on two factors: Probability and Severity. In
addition, atitude, traffic volume, and actual Flight
Operation history for various airports, runway,
aircraft model with different time and weather
condition were used As variable values.

This study conducted regression analysis of ‘A’
organization's flight event frequency and applied
ICAO SMS Matrix to categorize the severity of
the events according to international standards.
Based on the analysis, derived from fundamenta
Airport Risk Identification Algorithm, which can
be a proactive measure for safe operation.

As a consequence, this study assessed the

Airport safety level of each airport and drew a

conclusion with countermeasures based on the
problem found.

In this study, Utilizing FOQA Data, the study
estimated the frequency of occurrence through
actual Weather Databse, airport location, the
altitude, posture, etcetera and finally the derived
results by completing the application of SMS
Matrix
frequency of occurrence through the mathematical

according to the severity and the

operation.

Finally, the study confirmed the significant
value, validating data with accident data of the
actual airport.

2. Research Background Safety
Management System

SMS is defined as a series of systems that
include al  safety
encompassing  precautionary  actions,

management  programs
activities,
performance of studies and it sets explicit goas
and establishes safety management organization,

policies based on the system integration [4].

Figure-1. Safety Management System[1]
(International Civil Aviation Organization, 2015)
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In other words, through data collection, the
goad of SMS is to set safety culture in
organizations by classification of hazards in
advance and distinguishing level of risk, assessing
and managing severity of risk[2].

Hazard is the cause of every loss of lives and
property damages and it consists of ex-post,
precaution and prediction aspects3].

In aviation industry, ex-post aspect of hazards
includes reporting of accidents, serious incidents
and aviation safety hindrance reporting system[4].
Precautionary aspect of hazard involves safety
investigation and assessment. prediction aspect of
hazard involves flight data monitoring, flight
quality assessment[5]. Risk is calculated by the
level of severity and probability from hazard
which was measured by the potential impact as
Formula

Risk = Probability X Severity
(Formula 1)

To appraise the severity of hazards, the
formula should determine the methodology of risk
mitigation, considering the total expense and time
to remove or mitigate the hazards. Through
instituting corrective action, it should be also able
to confirm if the severity of risk is reduced to
acceptable standards. It also needs to be
reexamined the probability of failure, needs to
discern possibility of acceptance, additiona risk
and to perform additional assessment. It is also
necessary to monitor and confirm if the risk
mitigation and control is effective[6)].

2.1 Flight Operations Quality Assurance

Using Flight Data Acquisition Unit attached to
flight, FOQA is defined as the system that makes
possible for one to collect and analyze various
flight data, for example, velocity of flight,
atitude, posture and performance7]..

The flight data analysis began when the
FDR(Flight Data Recorder) was invented for
accident investigation in 1958. Later, QAR(Quick
Access Recorder) was devised to record aircraft
flight operation other than accident investigation.

However, as it is recognizable in the recent
report of ICAQO, with the technology development,
increased demands for aircraft, which resulted in
increased number of flight as well as enlarged
size of airplanes in aviation industry, which led
to increased numbers of airplane accidents[8].

Thus, international community has made great
effort to reduce the damage of human lives and
property caused by airplane accidents through
various activities as well as investigations.

However, pilots were the ones who made the
final decision and the actions for flight safety and
most flight accidents resulted from human error.
In this light, a system, such as, FOQA was
invented and introduced to analyze and collect
any possible situations that can happen during
flight such as equipment failures, flight operation
and human error in real time basis. It gathers al
data generated during flight in real time basis,
and it builds database and saves in storage
device. After analyzing data once saved in the
storage device, FOQA collects any possible risk
factors except for norma flight condition. In this
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any potential risk factors that were

aspect,
collected will be classified into every environment
and situations. FOQA makes accidents to be able
to establish any proactive measures preventing

flight accidents.

3. Research Methodology Airport Risk
Identification Algorithm

For Risk prevention, SMS, FOQA systems are
put into practice. They, however, cannot guarantee
the airplane safety when there is combination of
unusual condition resulted from each airport
environment and flight condition[9].

Thus, this study investigated algorithms that
can classify the severity of risks to each airport.
In order to do this, first of all, airports were
selected.

This study collected 448,020 times of flight
data of accidents, incidents for recent 5 years.
Based on the collected data, the study applied
Probability
Distribution) to five different models(Loss of
Control, Controlled Flight into Flight, Runway
Undershoots,  In-Flight — Damage),
multiplying data including CCPD by frequency of
accidents to calculate CCPD.

After multiplication, to model probability of
accident, the study used regression
estimation and calibration of risk frequency.
Through  mathematical the study
conducted multivariate analysis. Finally the study

CCPD(Complementary ~ Cumulative

Excursion,

analysis
techniques,
implemented regression analysis to several reasons

about statistical process.
Regression analysis estimation used model that

adopted dichotomous result according to the

occurrence of accidents. It included various
variable factors including limitation of classified
by class and comprehensive result.

logical formula of basic model is as follows. X
is independent variable, bi is coefficient of

regression, e is natural constant.

1

RAdddet Cortribution} = ————
T+ " b X, +b X,

(Formula 2)

3.1 Generation of Independent Variables
Using Polynomial Regression

Accident  probability

calibration of the frequency model about accident

modeling was the

type, using the regression analysis estimation
based on the accidents of recent 5 years and
incident data of the airport, analyzes dstatistical
process about accident and incident, and classified
as Human, Machine, Environment, and factor in
accordance with the Accident Prevention Manual
of ICAQ[7].

Accident probability modeling used model that
also adopted dichotomous result according to the
occurrence of accidents.

The model included each parameters to be
considered and were able to reconstruct the
variables associated with the various incidents
according to the logistic regression analysis.

Then, the initid value which had high
correlation between the independent variables and
modified value was removed in order to eliminate
the negative factors of multicollinearity[10].
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In the case of the variables that remarkably
affected low on the correlation of each accident, it
is determined that
displacement on probability of accidents is low[11].

the contribution rate of

The specific examples of the calculated independent
variables are shown in Table 1 ~ Table 3.

Table 1. Calculated Independent Variable Values (Machine)
Take

Variable Clime |Descent| APProac|Landin

off h g
Adjusted 113 06512.378-13.088| -14.293 |-15.612
onstant

User Class F |-1.2075| 1.393 |-1.2721-| 1.366 | 1.601-

User Class G | 1.339 | 1.488 | 1.282 | -1.372 | 2.094

User Class T/C|-0.498 | 0.017 - - -

Aircraft Class
-1.013|-0.778| -0.770 | -1.150 | -0.852
A/B
Aircraft Class
0.935 | 0.138 | -0.252 | -2.108 | -0.091
C/IDIE

Table 2. Calculated Independent Variable Values (Environment)

Variable Tg}{fe Clime | Descent | Approach | Landing
Ceiling
1000ft | -0.345 | -0.721 | -0.889- -0.971 13
to 2500ft
Visibility
less than| 2.881 | 3.096 | 2.143 1.364 2.042
2 SM
Tailwind
more than 0.786 - 0.98 - -
12 kt
Temp
less than| 0.043 | 0.197 | 0.558 0.269 0.988
5C
Rain - 0.991 | -0.126 0.355 -1.541
Snow | 0.449 | -0.25 | 0.548 0.721 0.963
Gusts - 0.041 | -0.036 0.006 -
Hub/Non,
Hub | 1.334 - - - -0.692
airport

Table 3. Calculated Independent Variable Values(Human)

Variable Tzilffe Clime [Descent Appﬁ‘oac Landing|
Physical Trouble | 1.021| 1.046 | 1.078 1.12 1.201
Procedure 0.641| 0.541| 0.601 0.722 0.891
In Experience 0.021 - 0.031 0.038 0.041
Cross Check 0.013| 0.01 | 0.018 0.024 0.061
Fatigue 0.028 0.031| 0.041 | 0.064 | 0.071
CRM 0.487| -0.02 | 0.601 0.714 1.02
Un Procedure - 0.041 - 0.006
Different View - - - - -0.692

3.2 Modified Algorithm

By applying the calculated
variables in modeling for each event, a formula

independent

was derived. By using the basic regression
equation of formula 2, the study defined the
model as follows.

After the step above, the caculated values can
be calculated position of vertica and horizontal
According to the formula of accident occurrence
probability

b =-13.065- 1.2075(Vser Classf)+ L.339(User ClussG).
~048{User ClessT/C) - LOL3(Aircraft Clossd/B) +
0.935(direraft ClassC/D/E) - 0,701 Ceilinglessthan200ft) -
0.345(Ceilinglessthan200ftta1000ft) -
0.223(Ceilinglessthan1000ftto2500ft) +
2.05(Visibilitylessthan2 M) + 2,881 (Visibility from2to4SM) +
3.142(Visibility from4toBSM) - LO12(Xwindfrom2toSkt) -
0.713(YwindfromStol 2kt) - 1.221 (Xwindmorethan1 2kt) +
0.786(Tailwindmorethan12kt) + 0.043 Templessthan5 C) -
0.023(Tempfrom3 Ctol5C) - 0.067(Tempmorethan2S C) +
2004 (IeingCondition) + 0.437(Snow) +0.445(Fag) + 0.449(Hail) -
1344 (Thunderstorm) + 0.929(F0D) + 1334 (Hub/Nenhubdirpert) +
1.021(PhysicalTrouble) - 0.841(Procedurd)+ 0.0207( <E xperience) +
0.013(Cross)+ 0.028(Fatigue) +8.937 (LogCriticalityFactor)

(Formula 3)
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Severity is classified as 5 levels such as
Catastrophic,
Negligible based on the severity of the anticipated
accidents. For example, the Catastrophic, which is
the highest level, is defined as anticipated
accidents with total destruction of equipment, lots
of deaths. The Negligible, which is the lowest
level, means the small mistake that can be
neglected[9].

Hazardous, Mgjor, Minor, and

Table 4. Location Model.

Type
of Model (%)
Data
Pd>x
X _ 670'0043110.983632 99.1
Pd>y
Y _ 60'216831/0.46621 95.7
Pd>z
Z _ cf(].()lGSZzU 766497 98.3

3.3 Comparison Analysis

The selected P airport was rated as CAT-l
international airport and is installed with two
parallel runways and the sized of them are
3200m 60m and 2,743m 45m. ILS(Instrument
Landing System) is aso installed in the airport.
Due to the seasona effects and Obstacle of north
side airport, it is designated a special airport by
the Ministry of Land and Transportation that
performed  Circling  Approach,  Non-Precision
Approach (Ministry of Land and Transportation,
2016).

The P airport is also remarked as an airport at
high risk where there was a catastrophic flight

accident of Air China flight B767 in April, 2002.

This study selected P airport because of the
convenience in comparison analysis of actual
flight records and accident statistics with the
derived algorithm simulation results.

Table 5. P Airport Risk Identification Results

Risk Average Average
Identification Probability Severity
Take Off 1 D
Clime 2 D
Descent 4 C
Approach 5 B
Landing 5 C
Total 4 C
(2.3E-06)

Severity
Likelihood
Minimal | Minor | Major [Hazardous Catastrophic
E D
Frequent
& 5E 5D
5
Probable
4E 4D
4
Remote
3E 3D
3
Extremely
Remote 2E 2D 2C 2B 2A
2
Extremely
Improbable 1E 1D 1C 1B 1A
1

For the estimation of risk frequency, this study
analyzed the actual flight number based on the
FOQA data of the airport's recent 5 year records
and applied the number of the occurrence of
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abnormal situations. The degree of limited value
in abnormal situations used standard operating
procedures and the criterion of aircraft
manufacturers. The total 12,463 annua weather
data measured every hour in a year using
KAMA(Korea Aviation Meteorological Agency)
Metar data was put into the Weather Database.
The calculated value using agorithm is as
follows.

The analyzed results showed the average of
2.3E-06, which was one accident per 434,782
departures and it aso demonstrated that the
probability of accidents was 1.3E-06 higher than
the recommended safety level of ICAO.

The frequency of risk exposure in this airport
was 17 times, and the occurrence rating Severe
accident was level C and comprehensive risk
rating of the airport was 4C.

Finaly, the comparison and verification were
conducted by using the calculated value through
algorithm with the actual accident statistics of P
international airport.

From April, 2002 to October, 2011, there was
one accident among 437,761 flights in P airport,
and that frequency represents probability of
2.3E-06. After October, 2011 to present date, the
number of flight still remains the same level
from the derived value (Korea Airport
Cooperation  2016) (Ministry  of
Transportation, 2016)

Land and

4. Conclusions Research Summary

The demand for air transport constantly

increases every year. As the air transport got

detailed, and automated, the
probability of accident occurrence by the human

modernized,

errors caused by flight crews did not diminish
while accident frequency due to the technical
errors caused by defects of its own aircraft
reduced.

To this effect, it is indispensable to remove
safety  hazards
management to minimize the human errors of

through  proactive, predictive
flight crews.

Most of the accidents caused by human errors,
as the result of this study shows, are generated
by the multiple actions of Machine, Human, and
Environment.

In this study, the necessity for effective and
predictable risk assessment of each airport was
highlighted, so the study analyzed the accident
data, classified the types of accidents, and derived
the contributing factors using regression analysis
in this study. Then, Using Polynomial Regression
analysis, independent variable were generated and
the severity was derived by applying the types of
accident.

Utilizing FOQA Data, the study estimated the
frequency of occurrence through actual Weather
Database, airport location, the altitude, posture,
etc and finally the derived results by completing
the application of SMS Matrix according to the
severity and the frequency of occurrence through
the mathematical operation.

Finaly, the study confirmed the significant
value, vaidating data with accident data of the
actual airport.

Even though the study confirmed the adjacent
actual figures of P international airport data based
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on the verification through statistics, it should not
be regarded as exactly correct because it is the
probability-based figures.

Therefore, derived airport risk identification
algorithm will be utilized in not only the existing
standard operating procedures but aso the
debriefing and the education for flight quality
promotion in advance for safe navigation. Also it
has to be applied according to the mission
criteria and characteristics of each operating
agencies.

As the improvement of operational procedures
and the minimization of human errors for the
aircraft accident rate decrease, it is expected to
reduce the economic costs, improve the long-term
safety, and advance the aircraft operation ratio by
analyzing the causes of accident threats.

Airport risk identification algorithm was derived
from the study is in its experimental stage, thus
there are points to be improved.

The result of regression analysis needs to be
continuously modified because of the error existed
in the use of dtatistica data. Severity estimation
has aso predictable aspect, so there exists the
infinite number of cases.

Thus, the study suggested the need of the
classification into types of accidents, incidents and
abnormal conditions through analysis of their data.
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