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A Study on Improvement Plans for Flight and Cabin Crew Fatigue

Management System after COVID-19 Pandemic
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ABSTRACT

The aviation industry has continued to grow despite the influence of external environmental
factors such as SARS and MERS. However, this growth has led to a sharp decrease in air traffic
and a crisis of flight suspension due to the collapse of the global value chain and the decline
of the world economy as the World Health Organization (WHO) declared a COVID-19 pandemic.
Due to the decrease in the number of international flights, aviation workers such as pilots and
cabin crew were exposed to high psychological stress and fatigue, such as large-scale layoffs,
job instability, decrease in income, and increased risk of infection during. Recently, the
international community has eased immigration restrictions through quarantine activities, and
airlines are taking a step further to recover existing air demand. However, during the crisis
period, a significant number of professional workers have been turned off or fired, and the
physical and mental fatigue of those who can perform their duties is increasing. Therefore, this
paper intends to examine the direction of policy improvement and the identification of
problems in aviation safety and fatigue management after the pandemic.
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58 7l Tt o]stAY sjaE AR AEE0]
ZHIE FU=R] o @908 SA44, A
7 BE 7= Sl AFolth

N2 FEAARNA F8% FAR 1A= A1
uom HAt 305 oA U A dFTFsES
AloAdE TR QI JIF RS ATste] FFA
IE AR otelr] s Bk ol AAA 2
A mE23] 7o) gigk AF EEs] AP

9= 9], 2012).

B3 FEUH9 WYY & o]$o] R ALY
9] A&ARQ1 A 9 WHeke] Fa/do] AU
THICAO; International Civil Aviation Organiza-
tion), UALTTH(FAA; Federal Aviation Admi-
nistration), +H&59FAH(EASA; European Avation
Safety Agency) 5& SH2& HFEIL itk o3t
S5 HHgste] FHolAE F219 WHH Y FT=
o|%E tjuloh= HEFA|AH gt Atel TA
Hto] A7gH7 2R Aol

mehA] 2 =2oAe U9 gAY
A 9 @ EAsk, ZEU9 WY o]% wE
2 &3 QrdwE|el Al #slol| gt AR
A ik AAISH] FE SUREARe] SEREAA
g9 7)Ao thste] =otarAt gt

. 2 £

2.1 0|24 Hi3
2.1.1 2ot gZAD

&gt 4419] 7]50] Foixl AEE e ICAO
= THES B SFYY HYRY +¥5ES A
SHA7 = Tt 23, AAEEe] AR WA=
AR, AAA 715AsH dEE FYstar ITHICAO,
2010).

2= FFAY AR ek 70%E Ak
AH 79 7|9 aRICEA F 15~20%2] =2 H|F
L XA Qi Akerstedt, 2000).

FAHoR 127} FAIQI FBALE 19934 8Y
18 Fu} eS| 1] sfi7| R oflA] HAYEE ATABOS
H CFIT(Controlled Flight Into Terrain)l) Akilo]

o AT 3 42 A3=E Qs 2F5TAAR St
R FF7= AAE) v AT wEA A3 (NTSB;
National Transportation Safety Board)x= Akil9]
doloz FLHRY] H2E AEIPL SFY9
2A1E 9 LREARHAR] gt S AESL 734l
S AL FASHATHNTSB, 1994).

0z27} 7]odgQlog xFhE Alwal 20164 3Y
Ao} EAEIUEL FgtolA g Fly Dubai
981H LOC-I(Loss of Control In-flight) Alal& &
54 557, 54 79 Aol APgstt:. Aot
ICA(Interstate Aviation Committee)ollA] TIESH A}
I 71948 1E(H715, 1%=A A" QNE®F Meter,
4% B4, 148 5) 5 stH=E HEof ofgt J
FYASL A= ATHICA, 2019).

FIALY] TS & 3 Ao RE o] QIS
o BAA &4 oplshH olF Eel] 9%t He
Q1 AR AH[go] WA | wzo] FFALE ol
Wetal PRl B W PdyESHolA FRE9
F9HQ1 H= FIEA] H Qi

AN

2.1.2 DZEAA-DE RS

-

‘I 2AFHAARI(FRMS; Fatigue Risk Mana-
gement System)”°lgt ¥ A lo] JH3t ZHIAH]
oA AFE ST = =T 7] AT 5HoE &
FAY 9 e Y- x40l ZASIe] wE <t
AAH8AE A&H0E A6t #E| k= HlolH 7]
uho] ZEhe WRTHFZETEY, 2018; ICAO, 2016),

NERAARL 25 g o= Fe|sial A
sto] QPAulRl(margin of safety)S ZIF6HA] A=
=gl AolA =7E FBAL FEFEAR BFY] #
ATt A=74 Zojzh REEA] Fashe b eF fA
gk Axprt gtE|o] ok

P = AAE A Yefalithazard)S HE
3lo] Wlx(frequency)?t Az (severity)E 7|&0 2
MAFEE Aot FAGiskS 8 7 ==
(acceptable) 0 & YW3=o] AlA1E, HA|F &4, QY
o E WAk H 58S 71, 23Ee A&H 0
2 QIZHY] Fsallolu AA” oF T fdHEo
7lofsle FH9 A Q4K EIRE LRI
(root cause)®] A& EAoz JHKICAO, 2016,
2017).
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Table 1. FRMS vs SMS configuration comparison

FRMS SMS

FRMS policy and documentation Safety policy and

objectives
FRM risk management processes
- Identification of hazard Safety risk
- Risk assessment management

- Risk mitigation

FRMS assurance processes

- FRMS performance monitoring,
analysis of trends, measure-

ment to validate
. ) Safety assurance
- Operating environment,

organizational change and
improvement management

- FRMS continuous improvement

FRMS promotion processes

- Training programs to

Safety promotion
ensure competency

- FRMS communication plan

ICAO Doc9966, Doc 9859; Moon W. C. et al., 2012
.

Table 13} Zo| G879l m|2e]9} At &
B3}7] 93] ZAARSE]olM= ICAO SARPsOlA st 7]
2 TAE, FRMS 71E38 73S st &5k

9.

2.1.3 ZLf-Q 7H 2 =3

IAASIS] FRMS 7183 42 AT EH(Table
2) =9 AL FAAS FAR partl17°14 FRMSS]
71&& F4351L Qe ICAO 71&E &3l 4 28
AL 100A1ZF, A&H 1270EL 1,000417H9] Agke
HIPAITH} S7PRFANE 71202 SRS of
2 )} v, ZIWFAA Sl wet e
o7 2JErt. vk, HE719} of27]9] BiPEAol| ut
2} PR ATRE TEA Aghslal §lom ARpA-g
gt AA=-SIlES Edste] skl tHFreeze,
2020; FAR, 2019).

=4, = 5 FHARY 49 EASA°IA FRMSE
T8 ot glow ALE HIPAIZEY] ARt S AlZE
o] o w2 AIZEAISE vg3lss 5 FAACIA T
2ok T29E 8913t A9 FYsitt. ok, A7t
FYAZFS 900AIZECE FA5IAL QTHEASA, 2014).

71 2.9] AL UEH(CAAS; Civil Aviation
Authority of Singapore)ollAl FRMSE 43}l 3
om FASA 71787 m|= FAR1173 vlsgh 118& ¢
Hotal Stk oRk, HAFAATE] BRE okt
THAZte] met A Ao ® A-gsto] oftRrt =gt
= A% 10A1ZE 0|99 A4 1247te = g5kl
AtHVenus and Greder, 2022; CAAS, 2018).

UE2 T718}F=]SHJCAB; Japan Civil Aviation
Bureau)©] obd FAF HAT2], ARgoA 7|E
< A5t 9o BFEZAQI FRMS/HEE =sta 9l
of HH|FLFEARE 71E2 B =70 Hsto] =2
HoltHo]7]Y, 2017).

FAA, EASA, CAAS] FRMS 742 w3t |3
AlREL FAARERS TEfdlo] opd W23l E, 7|
FAAESHE, AR 5 TRt 845S 11851
ApaskE 718E AXekL A&H R =L Qloh

9] A 3 Al46ZR(EE A4435%, 1991.
12.14. AFINR)el 2FSFA i SFAIRE 7120]
AE o]F 2001 FAAQ] FZRbdB7te] Axt=
ALASFA7HA did He7 SH=EAHEEL S,
2021)(Table 3).

ICAO Annex6 7He] w2t 20129 249 22¢ =
EWEE 237|&7]eo dEAFAAAH] Jid
S Yo FEH Al 128293(5 74 D=9
YA AHY] 521 Sl o8 FRMSS] SR1EaE 2
FAHEENTE 2022).

Table 2. Comparing FRMS regulations by country

2ol BBARE | HepRl AT A
=7} v
2P | 3P |4P| 2P | 3P | 4P | hours
o2
o2 (8~9| 13 |17 |9~14]13~17 131; (18(; ﬁﬁ
L
10~12 | OF
e I e L O v
By
Qe loa11| 15 |15 1112 0|20/ 10 | -
AH\:H.
47t =
we| | - |- [o~14| 15 | 18 [10~12 T%g
rjﬁi 8 [12~13|16| 13 |16+7| 20 | 8




46 AR, 438, Ao, st

Vol. 31, No. 1, Mar. 2023

Table 3. Based on the flight crew's maximum
onboard hours for 24 consecutive hours

Table 4. Criteria for flight working hours and
rest hours for cabin crew

oqpanel w 2 A
TR FRAZE | EPERAZE
71% 1% 8AIZE 13A17E
71AF 119
g3 gAI7t 1341
714 919 254 19
717 193
1% 99 2=} 11 12417k 15A1%F
FZ71HAL 19
71% 19
g 1% 1247¢ 16417t
714 o) 254t 273
71AF 2
1% 23 BAZ | 1654%
718 Q9] 2FAF 1%
7% 2
16417t 20A17F
718 99 2FAF 29
7% 24
7% Qo] 2EA} 21 16A1F 20A17F
FZ7I1HAL 29

vlan HAISSEARTC WE =9ddT7|Y 23T

<= A&t

T IR Al A1282A4128 HH#18 e AT

F7HH0T 7|&e7]E 8.1.8.3 SY5FYY 4l
AZA(Fitness of Flight Crew Members) W&o 7]
o] AR 2)F5Fol A, dH, T,
oL} FEEL 508 AFRE 3L £ gl FF
FH S FAL 5 U FAISHL ATHHEELS
B 2022).

= Y 2EeFYe gERr|ES
ICAQOIA 8sh= AIZHARITAY 2742 diAlz &
okl glom AMSEY mEwe Y @9 Ax
N d HS 9ol TP AS8RRYSFH
59 f23e), F9 AP A128X(AHSFHLY
SEAZE 718 5) 2 EE 19 T A 9 ARERDo
gt Xt 28 FoltH=EWEY, 2021)(Table 4).

THGTAES FEXAH A6 oA =
EWEHFOR o= A7EE HEAU Ao
& FRMSE F50hl SEWSF4Te] 51 ot
ol AT ke Ut} Ty FHFFAES HEY
FRMSE AWoHA] gt gaebdy 9 237]1&7|%el
Al Aok AP |EE g2 Qirh

PR R HlPERAZE | FAARE

A% AYST 14417+ 10412
Ha ANSEYD + 1% | 1647 14417
As AYSEA + 28 | 1840 144121
Ak AYSEA + 39 | 2042 142121

O PRSI AUSRR0] ALEE TU] A%
g 24A7F oge] FAS AT = U=S slelob

SFEQEAY AR A128%A28F EH19 W AL

N

FZARE 559 IFAAE B4 E 2GHA <
A SEAIZE, FAAZ] Hiet AR ] HRlE 23t
SR QEE A&l RUEPE AAlskL }lom A
ALYl gl 4 o= FENEH] 7 0l
T ZREe] Qirth

2+ AASEY o2 242 FOM(Flight Ope-
rations Manual), CCM(Cabin Crew Manual) 5 &
5 Rl FAFEC] A WA 58 £
UEE FRE AlFsty fzae] 9 Bio] ofgt 2
A Ar= HAlskL Qi

23 SAR 152 SFUAEEE(Crew Re-
source Management)ZHIEZ T3 o|4=F F3f] FRMS
T W8-S 1802 ATkl ckAirbusan, 2020,
2021).

o

2.2 MZESAAHY 2F DA

UA A B A3} o] w3t {HAE 5 iR
SAALEOIA = FRMSE 71502 A%t HIgRA|
719 7S Y - +Fok o A&HQ] HUEF
< Hio= JjAstar Qlrty. 1y Y] AL T
5] AZHAREFA 0 & |0 Qlo] EHE op|s |
Sict.

| S 0722148 ARIE B 202249 10€ 8
A FEd QldYy 07221¥9] A vPAEL 15
AIZE 40201 o HAIFO JFOR AT 2580]
Z7Fsto] & HIBAITES 19A417F 580] A8 Fgl}. o]
o A& Yzlekgadol 71&&=technical landing)dt
o] 7|12 $59S vAR & 23S A&T = AT

(RNK, 2022).
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FEWAH S 27 2 SFARE 1641RE
oz Ajtela glon AjPIEe Est] 29 A
go] At A £UOF Qg FFUSY] HREE F7L
579 B, $37] 7158, J2heC IS tﬂ% 5
I3 BAE £
A=l mej} Be
% ¥ 9] FRMSO] 43}
43 W ool s
27 Qi) 7 FEAE

O O v

o wd, g, BesA @ 1Y 59 Ko7t &

A1 5l A B Al sk FRVSS)
O

FZAE FRMSY] & Holo] mE
tigts AARE A2A FEAYES ARaE0] 7]
ZoiH] 20% ‘353t &571([Boeing 777X} Airbus
A350)0% =dsto] oF 21417 ZLFARIo] B Qgt Al
TY-8E 7 =AE 23S Akl ol 8 &
20/17 7S ARl YeeR oF FEEdET 4
& XFAES] $UEAE AE Fo|tkSimple Flying,
2022).

FB717NA A5 549 Hold Al 4 3

AR ZRl5H7t 7hs iRl Wi HId TRsAREe] &
A 7k SAREY BIBIFARE S7HE oloA o
22 7AVIE 890 A8 7HsAdol =
U FEAPE FAE Hol iR dee ‘?iog%
FRMSE 9 - 52 - & J3thd 3bdRe] 71 Ui
oA Hot fAtt M=E HHT 5 US Aol oA
Zo|1 Al&3t oA A o] 7158 Aol

F FEAA= F2H9 Hyulos %89] o=
ARt ZAE AT IATA F2TgHoA=
LA =O] Qslo T FFIARY} S-S
A W27t gusks 9@ Apde] mosta oo of
3 SRR AAS ALT AL 275 UTHFEL
55, 2021).

T2y FBAE -ZrEﬂEE FBAbAolA AAISH

= T8 Holld &= E’GH HolE F3ede vk
3 FRMSE 75310] G35AAte] mzpels e
o7 AT &’l%zlt g & lok

A FFARs FRMS 75 A] Table 59+ Zo]

F2Q1 291, HIFZTARE, FAARE Agto] Hstod
TS v #EE PR R dEstolof shH &
7 Holyd, AAIAQ &1 5 dS 7 BE ok
F4o] I3k Fo|rt.

)
oft

Table 5. Changes in the airline operation envi-

ronment
T 2+ st 9 ZAI-
- I24H9 Wy
wg |- AWS 73t 2A| B
Qo) |- BAHEHCO) A £A

(ICAO Net-Zero 2050 224¥ A7|1E5® 5
- P e Y

- QlEeE o o 410 olelg
- zage) gRige] g2 N2E 27
=B B - A EAo| E =AY

- 714%% Q= 2% A 27
AR AR, FALE e A=)
- AR WA SR e v

2.3.1 ZLHZSA FRMS HlW &4
WA FHFEA] FRMSS] L4EY ke 9Is

FSC(Full Service Carrier), AT3AR} LCC(Low
Cost Carrier), BEEAIR FE35t0o] v EAS AA]

SHtHTable 6, 7).

SR FEUAH Al [EH18] 25
B0] FRARE 5 A1FA 1272 AT V) AL
T2 WM P75, FemAl, 1AReE
sto] 25 BT FAAE SFo me o
PaL 7ol AL E BFo g A5t 295}
I Qieh

Q.

P}

Table 6. FRMS operation status of national air-

lines
FSC LCC
T _
(A3AD BF3AD
ST 7 FEAH FEAH
A2 HiE A2 HiE
Z|cfu| LT 18] [18]
FAAA A prrasy
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Table 7. Comparison of FSC and LCC crew sche-
duling assignments

T FSC(AZSAD | LCC(BZEAD
e 104 8d
4 BAFA 49 3¢
S5 5 7 | FANA ol% -
P s 49 7%
2H ozt 13Y 13¢
A 97A1Zt 70A1ZE
il ozt 34417 208 | 36AIKE 558
ARk
ozt HIE 35.4% 52.7%

20 & 20199 AZFAL BIFSAL 59 AAE
< vl BA619E F2H19(COVID-19)= QI &
FIEo| XY FOo& HwAIFPS FFH 0] Ut
| 2019902 Aol oREsFAIRS 2R71E
] A5620] AT offkERE A7HRI 22:00~06:00
ALo]9] SHZ U & A-8okrt

HEQl F FBAL SHAY ZEFH O 7IQlske T
2390& EAoEH FSC(AZaADo 5ok TA
A9 7%, 12417F o] AAY 7k 257 € A
23] oA} BhASto] AA o g 7] H|gRo] wE 1
2, 22 AR d37)EE £33 H=aR1d
A EEH
g, LCCBFBAhl &570ok= 5799 4% +
9] F- DAY A 9 A Q5o 2 A
| 55k ghol 8AIZE o] 71 BTl LeEE]
= 9= gloy ok 234 Hdf 5¥ Fro] g
STHA TS St FAZ] IFEE o] - 2}
52 ZoR g olE A &, =2 &L
A oY 5o EfA|gt fHAto] mEgRlo®
Ao} Zich

T FFA B gAY S5 A HIG 2F L
T B i o= AA| SFARE tiE] HIPEFA]
S7tohe A= HARIt) RIES] Rpol= lont
5 AL A oln] mE24Re] eEE= Aol
S7]%= gttt o] A= 2T TA| 719 S2 o]
SHAY &57] ©% ols{extra crew)sto] H7]4]
2 AFAE obd o2 oA LFE AR o

o]cHFig. 1).

o

T &

o o

=

A

Mo for m

1 AU Sleg WY AN (XIS EY)

06 12 18 24

06:10 GMP L/O Hotel £ 22415
07:30-08:00 GMP-PUS

09:00-10:00 PUS-GMP
10:50-12:00 GMP-PUS
13:00-14:00 PUS-GMP

15:30-16:30 GMP-PUSIADD) "<
(2FAR104RI 2012)
= 18:30 GMP L/O Hotel 2% 29415
. A O 7k €] A (XA )
= RO AR 20:45-01:10 ICN-BKI (DUTY)

06 12 18

02:00-07:00 BKIHICN (ADD) !

08:30-09:30 GMP-PUS(ADD) * 7 £ = (2RARE154121)

Fig. 1. Examples of schedule patterns that
include land movement

2.3.2 7|z8A ¥ IPARA(importance—performance

analysis)

2AE HI WA v o2 BYEARY] 2554,
AASEAS tpifo R AA 9okl A 4 AAE
HEo] H2xE YAE 78 HZE ARESte] SXot
A A¥e] £ Table 83 Zth

SLSFUL G46.7%), D(40%) <02 mZ=7}t
Lo fEoz I o= Hz a9l 5 oy
T} 71 AFAZo] dHEA HREEE FSATIE F8
8Rlog QIAskL Qe Ao AR

Table 8. Analysis of schedule patterns with high

fatigue
= LR | AAsRd | B
iﬂ]ﬁ ”’H‘ﬂ (%) (% (%)
A 4leg 3.3 4.9 4.2
430" o4
B (1set &) 0 17.1 9
C 4Leg+1Add 6.7 39 25.4
L/O & 430" o}
Pl orasegy | 0 | 24| 183
YA & AR
E _ . 2.4 2.8
@ 3le | OO
430" 7 Q/T
f (2set &) 0 73 42
430" ofzt Q/T
G (1set 2%) 46.7 26.8 35.2




YTt F2H9 Wy o)F $79 HaHAAY et A 49
W AYLTAL C39%), G26.8%) <02 MZ & Ssirt
wh % uﬂE% SHEAT C39W B S
g0l &2 golow Wzl F A 2wAl g 233 IPA 24 24
2 AFE FYoke= 740] 2L JsAl7le 7P HolgE =2 (convenience sampling)S HIEHS
2 alow Ql4ohl gheS Halslr] o] F22 ¥F 7 gy 409, ANSRY 508 oA HERA
Sl 3¢ C. 7/)9} Fefulet Ao7} A E A ]ags}Mu} gE 908 & AFES 2E2544] Hs
Aderde] SR SAS AW qEstel 7 & 1980 HEXS ARt & 71570 ARE B AT
HAE AZHA 57 8% A2 5 S48 AU o) gifos e,

o] AiFor g AFEEA o] vtdH ﬁl—}i A=
Aotk thEo & G(20.8%)7F & SHES 7ISd=
ol ¥ FUY FYSHA HEEE *c]'%/\]ﬂ%
82102 oY 71 JFARE HEEE AS5Al
7= $8 QRI0E QIAISHL Q= ACE FAH

%% WEd ICAO Doc9966S HFEFOZ IPA
(Importance-Performance Analysis) 7|HS &&
sto] @A BFaAtlA Q5= T2y 8 9 7]
£9 847 HEEE S5

g,

[PAEY 72 &8 39%0 A3 |- 7|&
o7 &9 I ERIEE BAsl= VHog 7t &
Aol Ay FaEet JHEE A HlmL E4o]

AL SAE9E B
Ago] Hsstehe Aol

7Feot EAE B9

sk d AAERl Ve

AR ] L 3 55Y 49.3%, o8 57
4 50.7%°1H, A= 254 P9k 18.3%, 25~30
A= 52.1%, 30~3541= 18.3%, 354 o132 11.3%

2 A=A

ZALTA0] AL 22.5%7F 7 oA TSR
A 7P B2 HISS ARSI 235522 10,000
A7t oA} 'SR} 32.4% 2 7P W H1ES AA|5H
ot

Fig. 2& H¥ 55U 4S 7HFAAAEY
Wdel 7P 944 Fasihal §EelEal theos
AJ2Isk aRle] are, A - ofzh Bl Hi SIS, By
e 5 2AE T Aol $857 w2 v v
L7t okt ERE Shohe FFeT o Qlsto] #
FAg B gt iRt 3 A o8 EAETh

= = . P
2l ol 4L idon F pie 4 Fip 39 BASRY wABAE 71 T4
319] text miningS B3t ¥k, FAIEE, ZARA Z9E7t 7 2 Wi BERT W2 Zlog B
480+ =
Loy COver Condtion
[kzoiznzz+|@numans
EFNESNI S
= AR 23 O848 i
. EEEE [‘.II!HFI#*P‘E!ZH Ouzmoy
I s] U ETTET
HUBZ=RE
0 ENEEE]
WEOFRHIZHI NS T
O 2NST HEED
E 2A=7 An=h] @srzs2a
2
B ® o
400 [Lay Cver condion]
L)
380
T T T T T T
1.50 200 2.50 300 350 4,00
Performance

Fig. 2. Flight crew IPA analysis result
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U N
unae
d Frus=a/Q=aAm wo
DHEEHE
3 MEEDH B4
460 T ETT] HUB=RY
= SUEREED
A 2aze
@S2 HEE R
b 0 S HL e
= O MBNR RPHA
£ saod [2am==o] ®Frs =3
a [N EE
E Lay Over Condtion
& 201
%
Lo 0 |
o 100
T T T T T
2.00 225 250 2.75 3.00 235
Performance
Fig. 3. Cabin crew IPA analysis result 3
=
Lay Ower Condtion
JIRF LS
- EFINTNZES
460 CEEETEER 24/ PN
wzme
MEGAY RIS
auzaan
0i8 422
= ]
SNRSE HEED
@ | FARL PO
AEY+ =3
£ ELELT)
=9
E
4201
i)
4 .00
T T T T
2100 2.50 3.00 350
Performance
Fig. 4. Comprehensive results of flight and cabin crew IPA analysis
AT B e, F71RAlY] Fof, A .ot H|Y 2.3.4 Text mining &4 Z1
A 3l 207 ZQ Tyl =2 gy nkERLy) ko - - _
B j‘lﬁamf Pre R USEEE noom wzs sekl it addl e Fuy
%5 RL AR =] =1 =)
A _ . -2 Bt WA, MEEAS S5 o]
LYSTUY BYATY} Ao Yo RL 7} 2R o e sols
HIgFo &8 ARBHIETE =2 ofto] 7REAIE Fofsio

HE AXste EsPliso] Ha3t Aoz B4
(Fig. 4).

7 719= Bae

F5HAHFig. 5).



F2UH9 HdY o]F SR mzdAAY ARt A 51

S%SO U N DU-_r.‘l Hk‘_

]1 | 7| Sm—
BUSO|=
|: 7 FFi
ol g2
|2 & Bl

=
o 24
l BLOCK

4 |— E G shitat s Wordcloud kr

Fig. 5. Text mining co—occurrence keyword

S U8 5 HEF] saet ortgd 3 Hg
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AR HELY &8 Yk 52 $E0E &
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RIS 9 v dofAE|E 7R &
agolE FE5t0] o] faRTOIE Aol AW ALt
4 Fs(mutua) JEE ARESto] FA7IHE HESISL
I o]F B9 WHTIHES] FAEAS EASHH

T8 FAET 7IERE ‘g7, ool 7MY =
Al SASIALL ol TA ‘HE, FARA, BHI,
‘4Leg’ Ground Time’, ‘ Block' 59 ul&o] 5A]
29 7|19== BAEQI

TS ‘ARSEY’, Time' I A oA, 2Set’
TY o] thFo g BAEA7IYER EAE I

2.3.5 AHP 2X(analytic hierarchy process)

12pd5e] BAA7 99157 ICAO Doc9966,
Doc9859F v o R mEPAAR L] 7| Al 94
Aoz yHstal AH-grojoldt 3%lE =57 flof
AHP(Analytic Hierarchy Process)7|< 283t 2
A AES AASHIT

AHP 712 &4 9 tiokS Aiu|wsto] AthA]
Q1 FR=e} A9leol et 7oeE EAlst 7+
tlolEl9] =24, dBdE Brbeta 2 559 94
=90l T2} 71SAIE Fofste] A Heg vEhd
THSaaty, 1980).

AR P2 1AS 47) £4(FRMSHE A, FRMS
%, FRMSEZ, FRMSTX)E AHstglen 143
F 449 2A1F AlR-SAdoR FRMSHAE HAA
R EEEE AR B FARE FAAIREY
), FAARKEEREE 93 4, 457 2%,
A& O] E FAAZES] A E A, 7
W FAAECIA = Al SARE D28EE R &
AAA 18 9 H2))9 3544 AAokont

FRMS2G9] Alf&/doR Hg 7 AIZHAIFA]
EHE Show UpHH BPIF FE7IX AR 1L
2fet EH] AME 29), sk 821 sHy
Q1 821& Jrefsto] HIPIEAIZY, FAAIZS 71 ¢
A T FAT 2AE 29), ¥ RS - ofgt H]
F5, Quick Turn & w53t HIHE B4 v,
F7H FAGe 9 FRARES Bo))9] 37HAE AF
skt

FRMSEZ9] 32 BAF7HAIE(H1P8/4/d%, Heavy
Delay, F7H|8 ol o B4 74, 77H%), 1
ERAE(MERAE AT +AH data =8 2 A
A dtgS 95t &% 45D, controlled rest(WE2S
aetr] sl duty 3 HZoF FAE FHoke 544
A=)l 37k &3S A7gstqltt.

FRMSTAZ mE2e] E3H|PLF AAEY] o
o AREL 9, F7F 25 83 Al AR A &
Aol A2 235, D23 ISR, AUSTY,
2AIE AT SARE OS2 AlA"S W
<), HEH YA ELHE AT A SAR
35 Folsoto] A4t =4 9 Sfd, S, A 5 17
AR =9 sk BYAl 29)2] 37HA] &4 st
o & 12709 &S AHsHHFig. 6).
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APAT 2@ HEIFo] 2olof| w2y HE FJ= 4
o] oF 78 olFe] AEAT} U= A A 7hedt
FAZ B Ao ARSH AE Fl F 116532 54
AE £ 1085 ol 2ot £AIR Uttt
(Aczel and Saaty, 1983; AAE 2|, 2015).

Table 9% *F5FU AHPEY ZIE 7154
o} LALARE el 9o 7t &9 CRaE
HAJSEAL Uk

7150 e AL R vgde] 23l 7 &
< 7F5A(0.476)5 Yol 1912 4= 2
492 Controlled Rest(0.427), tF2o2 FAA7H
(0.401), ®1HE(0.398)0] HIAIgE ZfolE W the
=2 BAENT 7HFAIA14E(0.366) HEHE
9JA4(0.351), BAF7HIE(0.346) 59] <02 YeRst
tHFig. 7).

Table 102 AASFUY] s 7A 4=
2 UehiFa glon 7+ =9 CREk #AlskL
At

71EA0] WE 9492 BASIHAIETT 71 &
2 7F521(0.58) YEfHo] 1912 BT 2
Q12 H=HL]E3H0.508), 32 FAXZH0.481),
45942 BIPE(0.455)2 BA AT w2 d o
A(0.36), HIFPZFAIZH0.323) 59 407 HAY
Qi (Fig. 8).

Table 112 &% AHPEY ZHE 7159t ¢
92 YehiFa 9lom 7 59 CRES HA|
skar Sk

WA A4S 49 4= FRMSES(0.33906),
FRMS%2(0.2949), FRMSZ%(0.1913), FRMS<Y

Table 9. Flight crew AHP weighted value analysis
result
R ETI PRV R PRV P
é;—ﬂj BLUS o = gL
HAAEE | 0234 | 3
FRMS 03359 | 1 FAAZE 0.401 | 1
qa | % ZIHFANAE | 0366 | 2
HA/CR 1.000 |0.08
BIYPZEARZE | 0.279 | 3
FRMS AEskE a9l | 0323 | 2
o 0.2106 | 3 -
9 H el 0398 | 1
FHAI/CR 1.000 |0.09
HASIAE | 0346 | 2
FRMS HZETAE | 0.228 | 3
~ 02753 ] 2
= Controlled Rest| 0.427 | 1
HA/CR 1.000 |0.03
23RS} | 0476 | 1
FRMS Hz#ewe | 0.173 | 3
o 0.1411 | 4 -
e m2FFA | 0351 | 2
3HAI/CR 1.00 [0.08
¥HA/CR| 1.000 [0.05

ZA| CR=0.066.
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Fig. 7. Comprehensive results of flight crew
weighted value analysis
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Table 10. Cabin crew AHP weighted value analysis Table 11. Total AHP weighted value analysis
result result
s A (=9 245 &4 72 |9 s 7A |9 24 &4 7VSA | &%
é:—/\é U o = U 41\—*5] e o = LN
HWZAES | 0.261 | 2 HAAAZES | 0250 | 3
FRMS FAAZE 0481 | 1 FRMS BAA7E 0.449 | 1
W | 02615 2 - . | 02949 | 2 -
B3 ZWEAIAAE | 0258 | 3 34 ZIWEAAAE | 0300 | 2
FA/CR 1.000 [0.09 3A/CR 1.000 |0.09
HISERAIZE | 0.323 | 2 HIPTRAIZE | 0.306 | 2
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FRMS TEEIAE | 0.217 | 2 FRMS HZEIAE | 0.148 | 3
~ | 03800 1 . 03396 | 1
= Controlled Rest| 0.203 | 3 ) Controlled Rest| 0.357 | 2
3HAl/CR 1.000 |0.08 HAl/CR 1.000 |0.05
2323t | 0508 | 1 mE@Est | 0484 | 1
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A A2 goH | 0360 | 2 52 wz@geA | 0.289 | 2
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A/CR| 1.000 |0.04 SHA/CR| 1.000 |0.04
A CR=0.0756. ZA CR=0.0689.
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Fig. 8. Comprehensive results of cabin crew
weighted value analysis
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Table 12. Total overall results of weighted value

analysis
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2 el e 0.12
3 3 H| Yo 0.108
4 ek FrAAIZE 0.104
5 =3 Controlled Rest 0.086
6 % B PTRAIE 0.080
7 ek 7IHFAAA 0.078
8 ! A2 F YA 0.072
9 =3 et g0l 0.065
10 ek WAL 2 0.059
11 ! =23 us 0.058
12 B3 T2 E VA= 0.031
A A 1
A CR=0.06.

1= 25e e 8 N2 AREA Bid
Qs 2428} 20| QAT 2wl Fasi,

P 3o

2 7IAe 2AE ERE Sk AR B4 v
she M 23] SHoA 7|20 2959 2AE "
o gt JAREY /i & dRNdE Aes
A9 E9], o] 7ad dgor Fap FEE=
AN D YA 2AESE Yok AXol7] diwol
FZhoRt HY AAIE, FUA 5 Leg, <A iA
A2, Ground Timel & I3t 71 HIPZEAZ 5
9] HELT} 22 AAE Ho] AhEE ACE H
It

449] SHE0.100)< vetd FAAT] gt =
2 7FAE H3HE T FUskA m23E] SHAA
71&0] B U AAE W=l digt SARESY A
A 8471 48 §igE Ao=E BAFT.

29 7FA 152 ATEY 549 S2E(0.084)
< YehH Controlled Rest= EUsto] 238 3¢
TEEFYEC] 25 F 44 A fAl0l =gl 2
Ao 7|hsta Qlrtal A =S ohat, AMSEY
B AFT AAE Hol=t ol= 1=9] JFES
Ao ok 257 AR E4o] vtgd 2

= 24"t

6919 SEE0.08002 UERH HIPTFATES
Show UpH¥ HIPIE FEARE 52t 2AE 2900
gt F=O0 2 Add Crew, 9Z2H ZFEE 93t S20]
%, W7IAZt Ground Time & $FARE 455

=

93t ol 2 oyl ARIES EFSL ek

7499 SYE0.078)2 ekl AN
W AR e Al S AL

Al

FotaL YA ot HIPIFE F m 29| HE7} ol
goln, 7IHFAAIAS] 292 T2 A3HE fls
AIAQ] WRtolghs SAREY Q14lo] ¥igo] =
olgfil & 4= Qlth

83919 SHE(0.072)2 Uehd H=a A=
H2HE 93 &34, ST 3527 Fejsio
At A 9 ofE, 0, Y 5 AR =9ot
= YA Gt TRE FEolr}. 7|Eo] FZALeIA
2G5kl e SI9A| T HoAoA m=uH Al
of tigt Fe7t gF oI 9ot mEst AL
2wk

519 718 IFoE 299 AusA A
R1(0.065), #2] Aeiggd HAYAITRES0.059)7F 1]
Algt zlol2 BAEQY W28 1-5(0.058), H=E
IAE(0.031)= FHACE Fa5H] B2 H4H0R
4=t

RSk do Ho rlo

8

e
N
R
ok
N
N
o
el
K
(o,
=
1
ox
o
o
A\t
Xz
b
)
:?_1_5‘

A BefskA] Sobd ARRlAl, oArEs Sl 74
ARl FF= € &+ ok

Y 29| Frew T QAo ut 24 S74=o]
NQIE Afol7h EAsHY AP or Fglstr] -
offitt. ol Estal XA, AHH 542 T
Aoz |5} skl ZAste] BTt 7Rt FHiQ
Data@ 35ty D@27t Sulsls 93 gyxog
Helstee Eo] AlLE A itk

SAARA = TRt AFE Blge R SEAE,
ZHFAAAESE, AT 59 84ES et

FRMSS] 712& S@sto] 295t ek T2t 2]



AFYF LY SO Wl o) S Hauelad At AT 55
o A9 GRE FAGIIN AGT WHS TAZ T AT ST LRAAS 25T AFoks vz
2499 folseleig 35d0l 24y ol Al AATS) o] Shetel el M9k, ol o

RAQl A Axdlo] vt Hole] Wzweld o  mei} 19 Welulow xaE LawA0) Wsj] 415
75t AU T VA RofSkD 3lof AL o2 AL A2AE 5of 38 A3 dana

2T BUEHHE 53 s29dojad, 57t dskd
B AR gE2E #Esh] fg 219 {4,
A%F0] E37t vlggt Hoth

A 2 AollAe m2aA A AT
ARIeE] el = H2HAIAH LFHE3, }
2 M /AR 52 EAsk that % %
AEE TEoIh

AR, LR FAEZONA AA 7ES S
Zotal E FIAF o] HigE mEHAATHC
AH, 591, 94 Fxp7t 9ast Aoz wE ol
QoA Ad AREALY ZpolE wrgste] TAD,
T H SARPE BE 35k AN 29 9
BUE P} 7S 913t weEo] grEth

A, FIAY 127%, 12820 HAH SFAIZE
59 QxS Hst] Ax Y AIARS ZfAlskaL
HIAA A 252 Qls 712 dAsks f&
71—Z ] X{Q_E]oio}: SF 740]1:}

AR, vl5FA7ol WAske T2 g a4
7Y Ade] B8E Aoy ol o I &
AAE AR 25 A Aol Tfo] Hs A-gR
AZ 5= ZFRI}. 9], FAAAELS 93 3
Afrelof stoz oAFAA wAloA HFF 2 ¢

qo]/ﬂ /\ZJ,]_ 7ﬂ/ﬂo] o g §_]_— E_E_o]l:]—. %—;LEI_QE

Fopo]| FE3 QIFES 7= Zo] 7P HiEE]
91— 7Hx-]xﬂo] Q 7-]0]1:}

x|, $3A7E £ md239E Y3t Controlled
Rest 59 =92 AESE a7/l ot o, HE o
Aol FES FAH7E B9l ST 98 B
Skal A 4= Q= et miedo] HAEofof & Zo]
o} J9olk ot B2 E o) A48
e Axs eyt 9k

A, T2HAAES et o] Mg
T/gElolof & Aot} PR}, TR TEoE
ofsle AgRzo] uld=d Al A 9 ofE, wE;,
A 5 mzE Qe =oletal KAL) Al4gt
Htgo] 7Hs3ttt. 7|20 FEAtlA ¥k Q=
FAFE A 5ol mzaA Aol YR xE| o] ot
Folglont 229 AHS Bl AlAEE B9 A3H
olx AAHRI H2He7}t 7Fsd Aol

AF7HA] T A AR A F88E HIS-S 2|5t

mlo

§l— x],/b_x-]

ol rE

1

27l

£ ggsio] WzPYALRS TE5T ARw}
RsTe TRIsEs GABE ltos BBA
o we £ush] S B Askkg 4ot
ggo] AAAQl Hawelade] Ede TF of
ool B 4 9 Zolc.

P LS TU AUSTA ol FEEA
Ao] ARERE o RHNAES ke

Ao] WQst Aol Uolr} Beje] mz o] st
AAFEe s Yot A7t "ash Aol

References

1. Senol, Z., and Zeren, F., “Coronavirus
(Covid-19) and stock markets: The effects of
the pandemic on the global economy’,
Avrasya Sosyal ve Ekonomi Arastirmalar:
Dergisi, 7(4), 2020, pp.1-16.

2. Stok, S. C.,
Reflections on vyear of wonders and
COVID-19", ANQ: A Quarterly Journal of
Short Articles, Notes and Reviews, 35, 2022,

“Quarantine then and now:

pp.1-8.
3. Moon, W.-C., Kang, W.-J., Choi, Y.-C., Kim,
W.-Y., and Lee, K.-H., “Establishing the

importance weights of pilot’'s fatigue factors
through AHP analysis”, Journal of the Korean
Society for Aviation and Aeronautics, 20(3),
2012, pp.68-75.

4. ICAO, “Fatigue Risk Management System
(FRMS), ICAO Annex6 part 17, 2010.

5. Akerstedt, T., “Consensus statement: Fatigue
and accidents in transport operations’,
Journal of Sleep Research, 9(4), 2000, p.
395.

6. NTSB, “Aircraft Accident Report:
trolled Collision with Terrain American

1994, pp.6-79.

737-8KN  A6-FDN  Fatal

2019, pp.1-175.

Infrastructure  and

Uncon-

International Airways 808”,
7. 1AC,
Accident - Final Report’,
8. Ministry of Land,

“Boeing



56 AR, 438, Aol

o his Vol. 31, No. 1, Mar. 2023

Transport, ‘Flight Safety Regulations for
Aeroplanes”, 2018, 8.1.2, 8-7.

9. ICAO, “ICAO Doc 9966 Manual for the
Oversight of Fatigue Management Approaches’.

10. ICAO, “ICAO. Doc 9859 Safety Management
Manual (SMM)”, 2017.

11. Freeze, C., “Fatigue Management Seminar:
Pilots and Safety Experts Tackle FAR Part
117. AIR LINE PILOT", 2020.

12. FAR, 117.3, 117.11, 117.19, 117. 20, 2019.

13. FASA FTL, “Pub.L.No. Commission Regu-
lation (EU) NO 83/2014 of January 2014",
1, 2014.

14. Venus, M., Greder, D., and Grosse Holtforth,
M., “How professional pilots perceive
interactions of working conditions, rosters,
stress, sleep problems, fatigue and mental
health. A qualitative content analysis”,
European Review of Applied Psychology,
72(3), 2022, p.100762.

15. CAAS, “Guidance on Fatigue Risk Mana-
gement for ANR-135 Operations’, AC
135-11-1 (Rev 0), 2018.

16. Lee, K. L., “A study of plans to improve the
aviation regulations about pilot flight (duty)
time limitations (based on FRMS)”, Journal
of the Korean Society for Aviation and
Aeronautics, 25(1), 2017, pp.23-34.

17. Ministry of Land, Infrastructure and Transport,

18.

19.
20.
21.

22.

23.

24.

25.

“IATA Safety Report 2021 Summary’, 2021,
pp.5-6.

Ministry of Land Transport and Maritime
Affairs, “Flight Policy Division-18789", 2022.
1.18.

Airbusan, “Flight Operation Manual”, 2020.
Airbusan, “Cabin Crew Maunal”, 2021.
Technical Landing, https://www.rnk.co.kr/
news/business/view/2022/10/897416, Published
Oct. 11, 2022; Accessed Oct. 12, 2022.
Simple Flying, Pilot Duty Time, https://
simpleflying.com/qantas-duty-time-regulati
ons/, Published May 5, 2019, Accessed OCT
4, 2022.

Saaty, T. L., “The Analytic Hierarchy Process’,
New York: McGrew Hill. International,
Translated to Russian, Portuguesses and
Chinese, Revised edition, Paperback (1996,
2000), Pittsburgh: RWS Publications, 1980.
Aczel, J., and Saaty, T. L., “Procedures for
synthesising ratio judgements’, Journal of
Mathematical Psychology, 27(1), 1983, pp.
93-102.

Jeon, J.-H., Song, J.-H., Yoo, S.-J., Lee, ],
and Yoo, K.-E., “A study on the transfer
passenger quantity enhancement of Incheon
International Airport by AHP analysis’,
Journal of the Korean Society for Aviation

and Aeronautics, 23(1), 2015, pp.40-50.



