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Aekmgel thet Zlgold Ayt &8s AlmHa glon, FFdx=

O Fg3dd71e Mol & waA dgstar Jde FI3A057 g9 v
ge 7le JIES A HolH 5 T34 2L AT 7|ve] g 4F
o7 =7tk AAZAR AR FAE T HuolH 7Y 53
FaotAAYE S dAF V& o] g
3) ESD: 3BAI T/} WSt g2 2Rio] ofWlE B=o® dAZsto] Al YICINRE HAiK B
st w4 71
4) Fault tree: AJARl 1S do7|= Q5 =2|#AIR AZsto] A|AR 17%go] dojd &HES 7
Arobe A28 ARILolE) 7Y
5) Bayesian belief network: QQlit Ay UAE YEYI ez AZAs5tL, 28 =8 #®Ist
38 2o ele ARlo] dojd Jhsa 240 28
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TAHCR, ALY, HdFZE, dojss(Text mining), ol AF A
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The idea is to disentangle factors of variation and to
attain high level representations.
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(ZX: Ricardo Vilata, New trends in machine learning and data

science, Noesis, Sep., 2015)
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GASP (Global Aviation Safety Plan)&
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oz (7P "oy 3 % #g, (Y) Awdzd dig #4S &9 2 o]
gFstar glom, 7 AR G5 d T FF ol e 2

7t. =2l Hole =& % 2| A

(1) B X HIxY A

O valad g2 Al 2 AFd A Al HE=EA] F7bel] Hagjokste o F
nieh FINaE LAV A&HoL nise ALRIE AAE 4
THOoZE 93l A

O dAZA ddFdE] GANA FAA Yafacls dEste d o] 2AHA
ATS she AERIO AFe, Ij7HEZ A48 AArt v 2 "ol
o] A9 AEA, vIAEA, vdy 92 HAS F4E T8 AER
1 =278l ASRS (Aviation Safety Reporting System)E &3 o2 &
Fsta A=

O 5

3], ASRSAME Hixe A&EI A thate] A 34 52 3ot
71302 109 ol H4E A9, 5 AE ALt B
o thg Al @ HEERE HHCRE HIFH, Hixte <
a3 U FASA REsa s
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O 3 v =71 B4 7]#2 ATO (Air Traffic Organization)S 3} Zu %
DA A o2 ATSAP (Air Traffic Safety Action Program)e] X 313+
Abgkell tiafi A= vl S 9o 2 stal U

) CIOIE 2] 28 #<

O Ala
3

=

EL @m, BFA AgRI, REAR § FFRopIA
0]
2R

e FEE g5 2ol FEHL

AR OWHAY 7 Ae 2AES AR TE }01 o 71l mjxde

=X P33 WY FsHL BEFE AL BHo I

NTSB Aviation Accident/Incident Databaset 35t Ala1 g el ujel-S-
TS FEU1Y g A, 23AE TS FIFTAAEY FE,
7] Agnl, &7 ARl 2 A, #A dx Y T EoklA #dF
A AR} FHE HHoRE T

IATA Safety Report (IATA accident database)®= [ATA ¢Fd R A] 24
o &= lon, RuXE Fal At AQH oY A &

A &3+

Safety Trend Evaluation Analysis and Data Exchange System
(STEADES)e]l 318 dlolele A AA 3L AZAL, AF7|HE]
Fol, FFAA HIHES FHalel $2F dABY EA= T I

AASES(Air Transportation Association Aviation Safety Exchange
System)& 2] FFALE0] Foste] Zt FFAZREEH ID #4d R}
AA Ee drkstE A HolHE B2 AF A7 dlolEH o] A2 A
g7 FF, A ok ¥ FF, AL MY AX, NS Sof we
dolE g 2AHg
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Hole] £%3t 714e S84 dlole &3 % B 200, FhE ¥
2o} B T4 EF3} o] Ao 1Y 1 L. 53, #F, ICAO,
EASA 5 78 Z¥d i FASS 224 Fud T5AE 74
i ol Fal okelst 2o dole EFs 2 FARE YT YL

(1) ICAO2| ADREP(Accident/Incident Data Reporting) 2000 Taxonomy

O

O

ADREP 2000 Taxonomy: ICAOQ] = ¥ o 3dA 9 A=7 1Lz
T3

ol ICAOYA 87 AAAIRE B 4 5 B4 Fasha
FAA %319

A AY3 Ao & Occurrence 7FE|8]+ 2004358 &
om A= CICTTY Occurrence &7

ICAO¥E  EuroControlel| A 7dste] o] & Z9 ECCAIRS(European
Coordination Center for Aviation Incident Reporting System)g x5}
#1229 Yol ADREP SEE Alfsle] FAXFOR AG8TL A&
ECCAIRSS] AHE-2 531 §3 Alx vlole] 4329 sof 2 ohit = ool
B 7wk 42 Jbssl s wuigol ¥
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Term

Acronym
Aerodrome ADRM
Abrupt maneuvre AMAN
Abnormal runway contact ARC
ATM/CNS ATM
Birdstrike BIRD
Cabin safety events CABIN
Controlled flight into or toward terrain CFIT
Collision with obstacle(s) during take-off and landing CTOL
Evacuation EVAC
External load related occurrences EXTL
Fire/Smoke (non-impact) F-NI
Fire/Smoke (post-impact) F-POST
Fuel related FUEL
Ground Collision GCOL
Glider towing related evetns GTOW
Icing ICE
Low altitude operations LALT
Loss of control — ground LOC-G
Loss of control — inflight LOC-I
Loss of lifting conditions en-route LOLI
Airporx/ ACAS alert/ loss of separation/ (near) midair MAC
collisions
Ground Handling RAMP
Runway excursion RE
Runway incursion — vehicle, aircraft or person RI
Runway incursion — other RI-O
Rwy incursion-vehicle or a/c RI-VA
System/component failure or malfunction SCF-NP
[non—-powerplant]
powerplant failure or malfunction SCF-PP
Security related SEC
Turbulence encounter TURB
Unintended flight in IMC UIMC
Undershoot/overshoot USOS
Collision Wildlife WILD
Windshear or thunderstorm WSTRW
Other OTHR
Unknown or undetermined UNK

H 2 ICAO ADREP 2000 Taxonomy®l| Occurrence 7tE|12|

(ZX: "ECCAIRS Aviation 1.3.0.12 Data Definition Standard”, ECCAIRS,

2013)
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(2) CAST/ICAO Common Taxonomy Team (CICTT)

O CICTTE F3AAM T B Azge] $7AA 2 318 735171 93
FE HYE VO I, FA V¥ ¥ FF 49 ARNER THY

O ol =4 @& A3l FHAZR] =¥er T3 &3 ¢ EFAA
2 o] FFH dATE FPstH  safety systemd] FHE 715
‘Target” FAA FH 5455 Fi 35

O CICTTe E&FAA= ICAO2] ADREP, FAA9] ASIASE thakst 7oA &
§5lo] A3 gl
O CICTTAA AR BFAA = Aircraft Make/Model/Series, Aircraft Engine
Make/Model/Sub model, Phase of Flight, Aviation Occurrence Category,

Aerodrome Taxonomy % Positive Taxonomy”Z} 1S

n[o
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Occurrences

Abbr.
ABNORMAL RUNWAY CONTACT ARC
ABRUPT MANEUVER AMAN
AERODROME ADRM
AIRPROX/TCAS ALERT/LOSS OF SEPARATION/NEAR MIDAIR MAC
COLLISIONS/MIDAIR COLLISIONS
ATM/CNS ATM
BIRD BIRD
CABIN SAFETY EVENTS CABIN
COLLISION WITH OBSTACLE(S) DURING TAKE-OFF AND CTOL
LANDING
CONTROLLED FLIGHT INTO OR TOWARD TERRAIN CFIT
EVACUATION EVAC
EXTERNAL LOAD RELATED OCCURRENCES EXTL
FIRE/SMOKE (NON-IMPACT) F-NI
FIRE/SMOKE (POST-IMPACT) F-POST
FUEL RELATED FUEL
GLIDER TOWING RELATED EVENTS GTOW
GROUND HANDLING RAMP
GROUND COLLISION GCOL
ICING ICE
LOSS OF CONTROL - GROUND LOC-G
LOSS OF CONTROL — INFLIGHT LOC-I
LOSS OF LIFTING CONDITIONS EN-ROUTE LOLI
LOW ALTITUDE OPERATIONS LALT
MEDICAL MED
NAVIGATION ERRORS NAV
OTHER OTHR
RUNWAY EXCURSION RE
RUNWAY INCURSION RI
SECURITY RELATED SEC
SYSTEM/COMPONENT FAILURE OR MALFUNCTION SCF-NP
(NON-POWERPLANT)
SYSTEM/COMPONENT FAILURE OR MALFUNCTION SCF-PP
(POWERPLANT)
TURBULENCE ENCOUNTER TURB
UNDERSHOOT/OVERSHOOT USOS
UNINTENDED FLIGHT IN IMC UIMC
UNKNOWN OR UNDETERMINED UNK
WILDLIFE WILD
WIND SHEAR OR THUNDERSTORM WSTRW

# 3 CICTT Occurrence Category

(ZX: "AVIATION OCCURRENCE CATEGORIES", CICTT, 2017)
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Lt =2l HIOIH £47|s At

O WEATHER—-RELATED AVIATION ACCIDENT STUDY 2003—2007 (FAA,

2010)

Mumber of Acchdents

- NTSB Accident and Incident Database W 3}3 A}l 2
dlo] FHAGH OHEES Aol An 433 9 B £
A A E g ads 9H 3 BAE Fohy
- 9  JFF(operating rules) V|Fozw REI RAmE A
turbulence, fog, tailwind, crosswind, gusts 5 ©
_%_

Qe W AL B AR BAAd] HA

= Weather-Related Accidents m Non Weather-Related Accidents

2000

1800

1600
1300
1200
1000

300

400

200 -

2003 2004 2005 2006 2007

2 14 Weather-related vs. non-weather-related accidents
(EXN: "WEATHER-RELATED AVIATION ACCIDENT STUDY

2003-2007", ASIAS, 2010)
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O Wake & Weather Turbulence Report (FAA, 2016)

Number of Events

450

350

250

200

150

100

- NTSB Alar dlo]8 F turbulencez} AFare] lo] Ay 7)o 291o|d

A oMl EES E415}o] turbulence® Q& WAF Alaro] F=A4 2 vlo}

3}
=]

- 20029 EE 2013497kx] IR} APE Alw 298374 Z 18270

turbulence®} ATAEJow, o] &

22
14 20
11
| H I
2002 003 2004 2005 2006 2007

Year

384 A7 An £

mWeather Turbulence Events
B 'Weather Events not including Turbulence

IEKH 2010 2011 2012 2013

12 15 Comparison of weather events to turbulence events

(EX: "Wake & Weather Turbulence Report”, FAA, 2016)
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O Study on models and methodology for safety assessment of Runway End
Safety Areas (EASA, 2014)

- runway overrun®} undershoot H|°|E & 7|WFS. 2 runway overrund}
undershoot?] ¢Jx|of] & A5 S AA 5] A3 RESA (Runway
End Safety Area) 938 H7} 48 wols w3}

- NLR Air Safery Database W ©|o|E]& &-83}o] Univariate analysis, A

$RY, 2A2Y ALY NES T 248G

Tome——— e
Longtandins N .
retind | o
Soeed oo s I 15 4%
Late/incorrect use of brakes _ 6%
Late/incorrect use of reverse threst I- 5.0
Too high on approach I. LE%

Aquaplaning [l 1%

A2 16 Main causal factors for landing overruns as percent of
landing overruns with known causes
(EX: “Study on models and methodology for safety assessment

of Runway End Safety Areas”, EASA, 2014)
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O DAAS: Data Analytics for Assurance of Safety (Ankit Tyagi et al., 2017)

- I7FEGA A (NAS, Nationoal Airpsace System) W] AAI7F ¢bA B o}
FleA s} BAR AT 8T 2L ek dolE 2 7]
B AP shs DAASS 1 714 4o gk AW B A=

g AW 24 A% AN

ol
T Satety, Efficiency Matrics Sample
,.L Use Cases
a L (= 1=k
e | | —— UL
= =
== 5
|
Srulstan _ﬁ BAUTIALD
FaL TASP |
Flight Path
o' el O
DAAS System Architecture L3 —

T3 17 DAAS Architecture Overview
(EX: "DAAS: Data Analytics for Assurance of Safety”, Ankit Tyagi

et al, 2017)
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O Discovering Anomalous Aviation Safety Events using scalable Data Mining
Algorithms (B. Matthews et al., 2013)

- NASA Ames Research Centeroll Al HAlgy 7|'HS& 383} gk
TARLS Az @A A fE AR Z2A 29

-2 ZEAZAE 74 FE|ESYH sHE Hud 4, vAgE dHeld
£ dlolg o] we} Sequence Miner, Multiple Kernel Anomaly
Detection (MKAD), Outlier Detection (iOrca) & W43 7|HS &
3 2] (anomaly) §A e, BE WAe) og B, AALEA
%3] & A7E TRD (Text Reports Database)d] #ste] A&7 Ak

c2nE §E4L 3% W A% UF AT RuAAe AA4E XY

o

[ o]
 Fligin nf— e | Diri ol parum|
'cu—m—i

12 18 Aviation Safety Knowledge Discovery (AvSKD) process
(EX: "Discovering Anomalous Aviation Safety Events using scalable

Data Mining Algorithms”, B. Matthews et al., 2013)

_31_



Ct =2 YOOy Z="134 %
(1) ASIAS (Aviation Safety Information Analysis and Sharing)

O w®]=r9] ASIAS 2271

o
flo
o
of{
(o]
0,
N

b AR EFEAL Aoz w3
Az 9o BAl, 2F, WEF AR 5 TG 18549 ol 22
A, AFAEY ¢ AEZE faddd 2o g
Commercial Aviation Safety Team (CAST), General Aviation Joint Steering
Committee (GAJSC)¢} JEUHS 211 Qe

Heg 4

[e)
= qae

ASIAS Members

45 Aijr Carriers 2 Maintenance, Repair and Overhaul
REX Air Mets Rirlines AP A ey . . .. .
Aarcdynamics, e, Miams Alr Intl, FRAECER o . TLNS - AR i poste) |
Alr Transport intl. Mountain Alr Cargo
Al Wisconain Airfines  Mational Alrfines 5G :
sk Slciortar Ak e overnment 20 General Aviation*
Alsgians Ay Cwunk Adr Intd, Y VO 10 AR R T —
Aloha Air Cargo Pledmont Airfines [
Arnarican Al Polar A Ca NASA s
Atlas .Hrn e mmdl.—m Marval Al Fivice Al mitic 1 Academia
Caps Air Republic Arfines USAF Satuty Canbis Lindversity of North Daketa
Comimutiin Shuttle America
Compass Alrlines Sllvar Alraays
g e i 11 Industry
Endaavor Southea firlinas AAA— Adelines for Amsseiea
Ervoy nh Sqirit Ah-:u. mmmn-ﬁnhlmmw
o Sain Country Aitlines ALPA— &l e Plloks Assochetion
FedEx Exprass Trara Stater Alrlines AR — Al Pt Assoclatioe e pees antieg Coalltn of Al ing Pllots Adsoclatioe
Frantier Alrlines Unittesl Airlines AR
Gelet Alrines Uritee Parced Servioe mlr_ L "
Hosbia: ik MATCA— Natiomal Al Trabfic Controfiers Asscation
i for Sk — iyl rnial A Tine faiiesation
JetBlue Alnvays SAPA—iyWiest Alrlines Pilol Associstion
Kalitta A SWARS - Southwest Alrlines Pllots’ Associath
*Newest Mamber As of 24 February 2016

3 19 ASIAS Program &0{7|2t

(EX: "ASIAS Overview”, ASIAS, 2016)
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O ASIASE #A43ta &=

AIFEAL, AERT, BFE

tolg o= &-3A el tdKa, Biaixtg,
oFA R 31, A& H| olE 59 A H]/\ A& AF2] © o] (propriety data)<}
W Zo] 27} olA g o]E (safety data),

_33_

A

I

a8y F27A], AR, 3899 So A4 AR (ATC information)
o} 7 ko] 714, wEF HolE ol Ue
O =7k #gA2de] FAE AR setsta £9 B4 Wz AT I
s Hrrstz]l fe AREEH T o] H %*—1% o dd ® bd ARe
FA Atel]l A A B bd #E] Al AL 98] AHS-E
= Aviation Safety Action
Proprietary Pragram (ASAP) ATC  Traffic Management
Data « Flight Dperations Cuality inf ti Reroutes and Delays
Assurance (FOOA) nrormation * Airport Configuration
* Alr Traffic Safety Action and Operations
Program [ATSAP) = Sector and Route Structure
* Manufacturers data * Procedures
= Avionics data = Survelllance Data for
En Route, Terminal and
Airpart
« Aviation Safety Reporting i
System [ASRS)
* Rurway incursion
= Surface Incident .
@ @ « Operational Errors/ Other mu: anSppvion
M Operational Deviation Information + Weather / Winds
= Pilot Deviation
= Vehicle or Pedestrian * Terrain and Obstacle
s FAA Accidertfincident  Dewiation P e  Dum
Data System + National Transportation ;"vh ww_
* FAA Service Difficulty Safety Board J.:'f, v
Reports = ICAD safety reports * g o -y
a8 20 ASIASS| HZ 7% HolH a4
(EX: "ASIAS Overview”, ASIAS, 2016)
O t&Fgt volHuo] 225 AMEgdH, olE AW, DAL, T4, &9
2}, 7], FEARE Ao H AM )T B oollgt dE A 2 B4
By g AsE AFshi



O AIDS (Accident Incident Data System)

& B0, FFV 27/
TES ARAC] td V152 FF Az 37 A A
FE&3 d BRI &8 7

H
Z Hrols

O NTSB Aviation Accident/Incident Database

NTSB (National Transportation Safety Board)+ ®]=+ W oA A sl

Fes XA AR, NEER, Y ALE ARSI SHE A 71T

24 i =25 A2 2,0000409] 7] ARLE ARSI e

At ARIS G gs] wetste] vl ok RN, 2EAE XA
TEAAE FE, 7] AE, G OAA R oA, A A3 5
4 5o BoplA FF < AuAgE sx9

NTSB Abar/ZA 3l dlo] g M o] A& d-FAL 9} 918 4o st ARE
AFsta Jom e EXES} Hlws)] do]Eu|o] o] Wl ofy
2} "lolg AA 9] gAge] 5L

O FOQA (Flight Operations Quality Assurance)

P Q?jq S o} wE o —%7}§ sold F A= T A S7HE

$RA5Y 29 59 % ag, 937 £9 9§ Beld B A4, 33
SE FA 293 3F A 2 AA 5 BT 9 BEAS TR
g0l Ve
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- Aol FHHo 7 V|ESeE tE oA KBy A|AE]E(e.g. ASRP,
ASAP)Z} 22 FOQAE H|3Y
249 HeolHE Agsn 3

H

& AT JRE AANT B oy} o2 & I v Fa A

= s dsta AAS7] S oy
d3t7] S8l A MA B2 FFAEC] FOQA oy 45

- FAA Runway QFH Aol X = Bl 3] 7ol A <] %}—ri 2 Surface 3¢ /\]-
AL AANF= 93-S 5t
2 9 Surface Y Abdw 712 2 BF %

- ATCT(Airport Traffic Control Tower)7} &A)35}x] &S FAA 3FZuEZ
1o 8}3 7)o % (Aircraft movement)S #|o}3}x] &S

- Surface eventy eventZ} WA 3 occurred) FIAA e} olal H I E
o, @32 Qe FF A R s FriET A Y] A7

we} 257
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(2) GAIN (Global Aviation Safety Network)

- o sera % 1 238 z]%s}

- Superstructure GroupoA] 7§13k AQDE 9138 d8 &5 8 kA S =
Al Mgt rIEA WE 7IE BAAS Adsr] A TF HH&ATH
2 A"
O AERO (Aeronautical Events Reports Organizer)
- OkA RHayA] #E] W B4 AJAEo g obHE A AYE A UFHI] H
3] 7N File Maker do]glw| o] <)
- QARG RE A7te £5S G4 AESE AlE B n
A S BEHoZE
- maely 21, 24, ARl 5 /%S FUT 5 AL
O AIRS (Aircrew Incident Reporting System)
- 239 A% 4L 71 F A= BAA, AAA, 24
Fol Zld 29 EAE B ) U Q1%
- Airbus Flight Operations Monitoring 7] %] 2] L& A]2=8] o 2 207)] o]

g9 FBAI AR AL
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(3) Data4Safety

O FHEFAAH(EASA), G=17te-g= (UK CAA), 29| Qlghg kA 1 ot
FHE

(AESA), &332 1 ok (DSAC France), o}d sl =33 (IAA),

A& 3] (ECA), Boeing, Airbus, EasyJet-British Airways % 57) &-&A7F &

of5ta 9e

- H]3Y71Ed o] 5 (FDM), ¢t B304 (Safety Reports), &3 m% a4 dl©]

BI(ATC Data), 71’4 Hlol8] $& 5¢ ¥4 As}e TAYHAL,

AT, T, WAy o2 283

- B38)(Go—around), ¢}7)%(Adverse weather) @& A3 A3 A 3
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Anafysa Plotferm Dt Collsrrhas noid
Frocessng Fofform

[

12 21 Data4Safety 7+

(£EX: "DatadSafety”, EASA, 2017)
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