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Fatigue Factors among Thai Airways Cabin Crew:
A Proactive Management Approach under

the Thailand Civil Aviation Regulation (TCAR)

Nuchareeya Sangsuk!’, Kawin Sooyanun?
Thai Airways Public Company Limited!™ 2
Abstract

This study investigates the factors contributing to fatisue among flight attendants of Thai
Airways International Public Company Limited, with a focus on compliance with the Civil Aviation
Authority of Thailand (CAAT) regulations on Flight and Duty Time Limitations (FTL). A qualitative
research design was employed, utilizing semi-structured interviews with 25 key informants
selected through purposive sampling, comprising 10 In-fligcht Managers and 15 operational-level
cabin crew. Data were analyzed using content analysis combined with thematic analysis.

The findings reveal that the primary fatigue-contributing factors are flight planning and
scheduling (92%), human factors (80%), and organizational and regulatory factors (52%). Duties
performed during the Window of Circadian Low (WOCL) and rapid turnarounds further degrade
sleep quality, even when duty hours remain within legal limits. Notably, concerns over the loss
of per diem allowances were identified as a significant structural barrier to honest fatigue
reporting, undermining the effectiveness of Just Culture within the organization.

These results highlight that integrating the Fatigue Risk Management System (FRMS) with
genuine Just Culture promotion and income structure reform is essential to sustainably enhance
aviation safety and crew well-being, in aligcnment with international standards in modern aviation
operations.

Keywords: Cabin Crew Fatigue, Fatigue Risk Management System, Flight Time Limitations,

Just Culture, Thailand Civil Aviation Regulation

*Corresponding Author: Email: nuchareeya37379@gmail.com
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novaussednvurn1sluliegmnzauiiedls

3) uelausiuzuImLazuinnssulunisdansanuni osdnluiiegnedsdsdu (Proactive

Fatigue Management) uazaenndIiuImUsIINAINYUaenAe (Just Culture) Y9309ANT

Uszleviifildsuanmsise
1) Usglewimeseaunsans (uua.nstulne)
o nsifinlszansnmnnsendiuau: Paeliheusmsnsduanusedaniseduldimanzan
fuTadiAnvesyed andnsnisarnunuunsiuwiuissnnanumiesdn (Fatigue
Call)
O PR FGIEEAVI TR T ITAVE ammmqagLﬁsﬁl,ﬁw'fumﬂmmﬁﬂwammamﬂmm (Human
Error) é’wﬁaammﬂmm&;mmmﬁaﬂéﬁ

2) UsrlgwideszAuuleunguaznismniugua
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o dayaatuayu TCAR: nadduarunsairluidudeyadoundu (Feedback Loop) Toiun
dinsunstunadeunisUszmelng (CAAT) ileUsuUgmBolfisiAuunyoaneld
ng) TCAR lvienaaaafiuusunvesaen1stululssmealny

3) Uszlevidsiosminaudousuuuaiesiy

O gunnzhazAunIngIn: nineudanudilalunisinnisguaundunisueu (Sleep
Hygiene) kazanusaUseiiunrumiouesnueinouUfuiviiliogeiuszansam

o anwdasadslumsinu: afsanmndeumsyiauiivasads ananudessunis
Lﬁ@ﬁzquéumwLd';a%’qmﬂmiﬁwmuﬁiﬂL“ﬁlunm

4) Usglewmadninis

o Wussdanuilmifihluuszyndldtungszifeunisduaina (EASA-based TCAR) fu

vsunwasanemsiulugiimaeidfony fusendedd filarmamesidugiienaniuay

LUALIAN

AU
1) Jadefun1sufoAnu (Operational Factors) lnthsildmanosefuanumiesd1vesgnise
meldderimun TCAR?
2) msdamsredumuinasinissidanajoavind (FT) lullagiu dwaseranimmsinedou
vosgnisoluldumstu Short-haul uag Long-haul wansariueensls?
3) syuumsdanserandssananumiosdn (FRMS) fithunldmung TCAR anwnsaanginisali

WNnnANUllasanlaasausalil?

WUIAR NOEE wazeNEIUITENNYITD
Qe u1RN1YIn (Circadian Rhythm Theory)

[

nouuin13in unguadrdglunisidilanumissdiveminaiudeusvuuas oadu

[
v a

Tnslawzidedesfiimhinelingssdeu TCAR Mufunudasndodiineman il
1) fe1muaznalniiugnu: Circadian Rhythm wanefis fdnsvesnszurunsnsdanmiiniy
aelusmeuyudluseu 24 42l Tasfinalnaruaumdnde Suprachiasmatic Nucleus (SCN)

30 "WIRNEn" (Master Clock) luasesdrulalumandfarivifisudyaauasninaimmdie

UTUTINIENITM9IUV093 19018 (Czeisler & Gooley, 2007) uananil s1enedeldaesluy
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Melatonin tieasdyaanisusuraulunila waz Cortisol Wioasnsmuaudilunoug (Monk,
1986)

o o a

asAUsznoUdAYNdINaian15TuRILLLINIG TCAR: Baa1a13ngs (Window of Circadian Low
- WOCL) Ao Haiianiuszavsawvessnsnesiiiga (02:00-05:59 u. mulaviosdiufisianie
fuiae) Bamaninandosfofuiidluiasd mmdsduniafaaufianaia (Human Error)
wgiuvaneih (Akerstedt, 1995)

M3USUSmanemaan Uet Lag & Desynchronization): Lilafudruwmaateg1esaidy $1an7e
Aoen1suiaUseann 1 3w sien1sususa 1-1.5 waan (ICAO, 2020) Mstulneluiduniselsuls
lFinan1ae "maaaan way "wi n15uew” (Sleep Debt) @ vdsnaidus o3z uA LA LR

(Alertness) Wsuwindunshilausuiaeiady (Gander et al., 2011)

SLEEP WAKE CYCLE

LEVEL IN BLOODSTREAM

NOON 6 PM MIDNIGHT 6 AM NOON

. CORTISOL . MELATONIN

AT 1 29951 5UDUNEU-AIL (Sleep-Wake Cycle)

fiu1: https://www.shutterstock.com/image-vector/ 2164499951, aIuAvANEY 2022

Ine Shutterstock. Wnldlaglasuayae.
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wrRANIsIANIsAMIEBINAUWTasdn (Fatigue Risk Management System - FRMS)

nswasuainngsudeuiianesa (Prescriptive) lugnisumsinnisiegudeyaniundssass
vi3e FRMS Aeszuudiiunislideyanisineimans (Data-driven) unaauauaadss (ATA, ICAO, &
IFALPA, 2015)

1) nalnwes FRMS: Usgneusemsiiudeya (Data Collection) 1 Fatigue Reports uazdoyanis
woundy Wotunuszduninudes (Risk Assessment) WaziNUALIAINITUTINIAIIUA B9
(Mitigation) 1@ mmﬁmﬁ’wmugﬂﬁa (Augmented Crew) %38n15901299N52131190U (In-flight
Rest) (Lerman et al., 2012)

2) szaunstesiumnmdes (The Multi-Layered Defense): svuuildudnnis "Usmsvanedu”
Faustun1sTan1sedu (Scheduling) NM35U7UAI34 (Operational) msUszidiuensniesdn
(Fatigue Symptoms) lUautisnstlesiuaiuiianain (Errors) (Gander et al., 2011)

3) msUsggnadldlunstulveneld TCAR: anglddorimun TCAR OPS nsulneliasuainms
wugan1svihnung (Compliance) anidunisuimsanandss lagende Tamsssuuniannaniy
5551 (Just Culture) waznslalulnan1enalnAE@AST 210N (Bio-mathematical Models) 1w

SAFTE-FAST Tun1swennsalmnuaiarantn (@inaunistunaseusvausemealng, 2567b)

‘quwﬁm’lmﬁ'aamsmsuauwé’uazamtazwﬁmiuau (Sleep Homeostasis and Sleep Debt)
William C. Dement lda3urg11szuunissnwiaunavesnisusundulalaiduiieaun
nalnfusietu uilidnuazmilew "suies' inestufinvenazauvesnsenvauetidenitanne Sleep
Debt (nfinsusuava) Dement sxyiseneuyudiaufosnIsuounduiiugiu iwu 8 dalusiodu
ynluuiugnideldusuiios 5 $alus asfn uil' iuf 3 99l wilduiaglimeluine uiasgnavan
(Accumulated) lUgsTudaly aundnaedinng "tsenid” Fenisueuvawedifisswoodelinunin
(Dement & Vaughan, 1999) k53tuvaanisusuasau (Accumulated Sleep Drive) AMumng w14
Dement ieniinisusuazauuniy vilduseuiivilFldndu (Sleep Drive) ﬁmmqumﬁuﬁlaaﬂ

1Y

uisganauesaunsadngdanie "Micro-sleep” visenisnaulussevaus seauiui laedndaliddom

Y

AUNtNITUBUAUANTINNINNIININEGT Dement WiugIAudUTnginUsziliuaudvosnuLessily

(Underestimate their own sleepiness) niinausisusuuuasasiuiiarauviinisueunmag ue193an
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F19WeY "TULAT" wailun19aTsIven anukiugitunisdedula n1snevauswemanIsalandy was

ANUBANUNIDITUAIITANAIRE 1M BLLBY (Dement, 1997)

HUAAUINNITUNTITIANTITAUNUABANY (Safety Management Innovation)

lugaamnssunstudagdu uinnssunisdnnisauvaendeliladndaiissansuimalulad

Tnyunle wasrud9n15Ua8 sukUadd 1n52UUN1S (Process Innovation) waztT4lASIas1994A NS

(Structural Innovation) Lilawasuainn153nnIsANLUasnsieiesu (Reactive) N5alviiingURivgnou

wily lugn1sdan1518e3n (Proactive) uaziBenensal (Predictive) lagiluudfananasil

1)

nswasusiugmsdansanuvasasoidaneinsal (Predictive Safety) winnssuitdayfigaly
U990y Aw n135l4 Big Data wag Artificial Intelligence (Al) uﬁLﬂiwﬁ%’ayjamiﬂﬁﬂ’ﬁmmﬁa
Funenfisunfneuiiasfinmnnisaizuns luuumemminmudeusvuueiesdu uinnssuil
sufansihsguudanmsanudseainaumiosd (FRMS) 11l & aUdsuainnisii ann
ngsuilouiinnes (Prescriptive Rules) unfumsléinemanidoyaiiolinszsininumionves
EJ‘Q‘HET (International Civil Aviation Organization [ICAQ], 2020)

WINNIIUA1UTRIUSITUAINUABAAE (Just Culture Innovation) N15a319udnnssululifives
ninenTuywdAenIaie Sausssuuianudusssy’ Gust Culture) Fufussuuiinenuss
syninanuiananlaedain wazngAnssuidsaiianud u¥mnssudeszuuivaglindney
Fousuuuesesdundfinsssauseduarumilendn (Fatigue Reporting) HuwaUNAIAdunEe
szuuAtviavesust Taglifestnademansenusoneld fulufugudfguesarudasasdte

TunsSuadelug (ATA, ICAO, & IFALPA, 2015)

sUluU 70-20-10 Tun1swanyaang

liea 70-20-10 gauanldiieainsnnnunseninisesn1sdansaguainauesveantnauieusy

vwasesly lnewiuinisiseusndvsednsaiminaindssaunmsaluaznsufduiuslunauass

(Lombardo & Eichinger, 1996)

1)

2)

70% : NssEuIAIINYSEAUNISAl (Experiential Learning) Wun1si@gyannunisalassuuazedy
(McCall et al., 1988)
20% : N13L38UFHIURBY (Social Learning) N15lAsuATMUEIIN TNt LA I U WazN1s

agvieundudoyandaierliu (Debriefing) (Watkins & Marsick, 1992)
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3) 10% : N15L58US KUUN19NST (Formal Learning) N138UTHAUNS TCAR 11 Annual Safety
Refresher Way E-learning (d11UAUANZNTTUNITUITIVNITNALTOU, 2563)

luuFundagdu ng TCAR duaSunisiseusuuy Competency-Based Favdeuduninainifies

10% lueuseu lugnisasanunseniniiazainudasndy drumsuusludszaunisaluagnisuiadu

Poyamnudesludnaiuiigelu (aigned inmensiy, 2565)

s UgUITIY

n1sfnyIdeaseildsunuuldn1sideienmnin (Qualitative Research) lngldignsduniuel

u

'
a

Bednuarmanssuuniesedt edmaunngmnimumiesdludiidiaudaiialiannse
asunela
1) Usvvnsuaznguidnmang (Population & Key Informants)
o Uszyins: ninaudeusuvuiai ey us¥m nsdulne e @nvu)
ftRnueglutaanamaifiuieya
o naumung (Key Informants): 1438n15188nuwuuLa1#34 (Purposive Sampling) 311434
25 v1ud wduifnisa uda08 197 tvungandmsu nsITeLdan unw
\esanvaelilalideyaifiuszaunisaiuazanufidednlulssifuiidnuilagnse

(Creswell & Poth, 2018) Insuvangudmusesndu 2 ngu laun

v v

e nguyl 1 wilnaudeusuuwasasduseRuiiviiau (in-flisht Manager) 311434

10 U

e nau 2 wilnawseuuvwAIesduseAuU R (Cabin Crew) 31uu 15 viu
2) wnawgin1sAmdengdlidaya (Inclusion Criteria)

ielideyailatiniudn Aseunqu waznaumauideldegissausu §Idemmvuann

1%
a

nsAndenilideyananliognetniaus
O MueIyNUuAzUTEAUNITOL

o flifoyanguil 1 Gefusmthaw) desdlengalusundsimihaylisng 3

7 wazdUszaunisainisdusinlueinda 10 O el yuuoads

UIM3IN TN InDsaNISUsEITUTEUU FRMS wawng TCAR
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a wva

o livayanauil 2 (seAvufUufeu) desllongauldainit 2 U el

a =

Uszaun1sain1suuantasuiissnasdanisasioulssaunisainiuiviloy

v

a1TuuSUNT nainvany @9AAa BIN ULUINIIVDY Patton (2015)

=

7 5zy 318 ey alunuideidenmuninaisduszaunisallagnsg

Auusngnsaindnunluszeziafiiieans

o audsziamduniadu: ielinseunquAuwAns19vesUsEauNIslANML 0ud)

luwrazUszianidunis {37emmualingudmunesinis 2 nqu Usenouaiey

UszaunsaluiRnuaseunguns 2 Ussnmdunis lawn

o Funsidelng (Short-haul) nunede tdunteduntelugdniaieide

O AIUAMUNAINNAEVDIUTEAUNTITAL: LIV BLW UAIINANY TN VDIV DY ANIUNAN

N158UA39819UUY Maximum Variation Sampling (Patton, 2015) #338A11ad

wazlaLduny Susenidedliniszoznandulaiiu 6 4alus 1wy ngamwe - Asalus,
nsanne - o el lagr vy ayas el Usgaunisallunas
UfURmdi ludunisdssianid egaifes 6 e i elwaiunsaaziou
Yaymiaanuni esdravay (Cumulative Fatigue) 91nn150unaney13du

(Multiple Sectors) lunileTuldoenstniau

=

w@uneidelna (Long-haul) nuneis dumsdudumiviitssesnatudaus 8
Falustuly iU n3eMnI-aeuney, nunNE-Lissfi$e, namwa-dnadd
Tneglvideyadesiivszaumsaflunsufifmihiludunstuieanaiinnii 5
1o (Time Zones) agnsiies 6 WWou wislfaunsaasiiaulszaunisal Jet Lag
warN1InyArEinveIuIin1TIn I (Circadian Disruption) taagafivudfmy

(ICAO, 2020)

(%

=

Anuvanvatglususngeg loun dadiuma ¥asergen 2-5 Y, 6-10 Y, 11nn3n 10 V)

wazUszaun1sain1stunadunng Short-haul wae Long-haul wielvlayusesinseunay

wavazviounuduasdlunisufiRnuldedaseusuign

3) inaain1sAneean (Exclusion Criteria)

Va v

NIYY
Y

MuuANeINSAngaNeAIUANANATNTBLARAT

[
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0 wifnauieysenineniswniy a1dleszezen nieldFuniseniiunistudae
wignan1INsumdlugasiainisiiuieya
0 wnawi flengsusininmeifi nivue 1 esaineradilufuszaunisaliiog
wolunsagyieulsngnisainmiosdluuiun TCAR
o winnuiujiAnuenzidunisluuseina (Domestic Routes) Wi iesnn
Hadummunilesd1ain Circadian Disruption wag Jet Lag agliusingluuiunil
1) \pFosfialun1s3ds (Research Instruments)
wmsduntwalfslassaing (Semi-structured Interview Guide) Wuyamaniidaning
witUsgfuvdnAseUAgUIE DI il
o afeiinadermuuniosdvesmiinaudeusuuuaiedy
0 Uszaumsalmnumilesdilutis WOCL
O mnulaseang TCAR waztadinuad FTL
O virunddeamLsITINTTBNUANLIMIEEdN (Just Culture)

5) NINTIABUANNMIATBMBTY (Instrument Validation)

Woliuwamedunivalnglaseaseafinunsamiuiiont (Content Validity) wazanunsanau

monuddeldegasaungu FIduldnniiunisnseaeununimasodielaewiady 3 Tunousil

o
Y

Tupauil 1: n1snsiaaeulagliedvy (Expert Validity) diiuimnedunivalisstuiauase

o

W98y 91U 3 YU Useneausay

o

ey

(1) Gifmagiunisiansaraasndslunsiunazngszdeu TCAR
(2) fiFrmngruedeuiouagineimaninsusunduluuiunmsdu
(3) iTrmnuszdouisidudmanm
dielsndiunuaenadessritedofmamiuingUssasdmside aruaseunquuanien uax
AN AN T
Sunouit 2: msrummsliaudenndos (index of ltem-Objective Congruence: 10C) Una
miﬂ'ﬁmﬁu%aq@%mmﬁgﬁq 3 yiutAwInA1 10C 71UgRsIad Rovinelli kag Hambleton (1977) lag

AMUUALNUNNT AL WUUA T
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+1 vwneis JormnuaenndetiuingUssan
0  uuneDa Tawula
-1 31859 IGRIGELN

[
o

ol usnausinsdadendasiniudien 10C = 0.50 musnasgufisesiuluuAdedmunin
(Turner & Carlson, 2003) Han15UsEIdUNUINTRA1I NN NToilA1 I0C a8 luY19 0.67-1.00 UaAIIN
wiesdlodmnunsanuidonlusgduiivensuld fafnufifidorngliteiausuugldsunisusuuss
deemnauinlUldass
Fumeuil 3: manaaouthes (Pilot Testing) nMeudsnsUsuUsmudolauonuzvasfifrvy
Taofdethuuimsdunvaliviuududluneaevihsostuninnudousuuuai osdudiflnuaudings
punaeinsdadendiury 3 i delilldngusedrmdnlunside Wevssliuaudniauvesdin
szaznandildlunisduaival uazewazanlunisdeansvesdlideya wanismeasuthsesldiian
dununliafeUsana 45-60 wifideviiu uaznulsaduiidesusudossiiterunsedunasdaauddy
91uu 2 U8 neuthllgiungudiegaass
6) nsiusausandeya (Data Collection)
0 msdunwalldaEn (In-depth Interview): Aiumsdunwalneyaaaluussernaidy
i leloigliteyandnazviouniuads
o msntuiinuaziaesdetuiindes: innsanduiinuSetuiinides eauusiugilums
00AUNAIY
O nMIANEILENANT (Documentary Analysis): A5I9EOUAARNITIIBIIUAINATDURAILAY
AilonsuiRau wieldmsraaouanuiéd (Tiangulation) wfudeyasinasduniual
7) Mylas1endeya (Data Analysis)
T¥nsinssiiidonn (Content Analysis) Tnefiduneudsl
o wlaveyadsadudonumsen (Transcription)
o nshisadeya (Coding) wazdnnauusziiudndty (Thematic Analysis)
0 mIAmnuuaraitoazulsuinuilensuingusrasduazdnialunside
8) 9385551N13398 (Research Ethics)

O MsveANEuyax (Informed Consent) glVitoyadasasuudugaunauisun1sidy
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o mM3UnTnsmu (Anonymity & Confidentiality) YayadiuynAnauAzAILALIALAZgNIAY
Juanuduiiedesiunansznusonthinisenu

o @nslumsneud gaunivalanunsaginislideyalanniliomnidnliauiela

NAN3IY

fisulsimsduaualninnufeusuueieadu uen msdulve $1in Gmivw) S1uau 25 v
Aoty “anumilosdrantadosunsuifnuiaziuimemsdanmsanuides”  ansansduntvel
WU

1) Uadeinunisufjiinundiasioninumiiesan (Operational Factors)

v o

JUAU 1: Ya98AIUNITINBEUNITUULALNISINNIS19TU (92%)

v o

dudiv 2: Jadesnunyud (80%)

gudiv 3: UadenuesAnsuazngszileu (52%) uarladenueinimenu (52%)
dusiu 4: Yaduruanineniea (36%)

JUAU 5: UJa38AIUNITINNNTIITIINI@INE LAz AW L TY (32%)

Yadusunywe 20 (80%)
Jadudwmanimarnea 9 (36%)

Jaduduarmenu 13 (52%)

Yadudiunisdanisasrasme
IMALAZAUINDU
Jadudumanunumsuuay
MSIAeT DU

8 (32%)
23 (92%)

Padushuavdnsuazngsuou 13 (52%)

0 5 10 15 20 25
AN 2 ATLERITELAIINNAFNTIT

11: Uszanauagiaseilagede (2569).

WaKAalUAYUTaLAIINNGUAIRE:
O M3NTW: NN Pairing NTusollamansiu wsen1stutulaa (Time Zone) #3an3in

MstUARRUNISENaUSN YIlAR Jet Lag tazmnuaiaza
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[

O anmundeumsvhan: gunsaiuuaTesiufilinien viefuiisinhleddussmeinnniy
Uni

o vwthau:  mavimsdamaifisduvesiovthauny SOP Tuunansdiviaeademeu
(Flexibility) finaegnaunsennufurionwasanumiesdlufiesdu

o mudndesveswesonmeasiu: Wy Adady suuansztudisiades vilviminadeuiuuy
\n3esdusipaudlyanunsniianenii aranesen

2) WanNTENUBINY Flight Time Limitation (FTL) AoUsglavidunig
wiinauanudiuinnusinsdiianatlutiagudmarenanmmsinsiouiiunnssiuluusas
LU

O Wumseszerdu (Short-haul): Warunilosdavay (Cumulative Fatigue) aanns@esiudn
(Early Start) LLazﬂWiﬂﬁﬂ’amﬁwﬁwawamﬁu (Multiple Sectors) Tunilatu

O duyeszezlna (Long-haul): dswansenusowr’in1@aniw (Circadian Disruption) udlazdiaanin
sniusnuammsueulinliauysalifiosnn Jet Lag uazanmuwieadeunisinsouilimilou
nsuauUni

o inahutlagtugaiiud "duav Falusdu udliilduesds "anandusywd” Wy mswnudanduain
Intdnglsthdios 1 Yu (24 $2la9) Fegfrounuuasumudniuaiiiuiilifisswesentsiuyinenie

3) ViAUARABIEUU Fatigue Risk Management System (FRMS) mnung) TCAR

'
A 1

nauegdulvglolnszuy FRMS  anunsaanaU@nisalldass  windnisthunldediadu

3

€

sUsau Inedivsziuiinsnzsinedl
o uszuuidwmdndinenisuey (Sleep Science) Fawiugininisrmuataluameswuy FTL
Prelinsinmgiarundssinnistudiu Time Zone shldAdu
O AuAsURUUIINM: msitununwnsinseuTiuviss lulduadiuudalis
msBuluiianeTueen (Eastward) wagnzfunn (Westward) msiinausinisiiniisnsiu
o muaeafeuiadunis wu msliueuinluuisssma onafinrundesnuauuaenioves
wiinay Jedeshuiansanaivgfuanudsainanumilosdn
a3unImsIu (Synthesis) namsisetliituin "augangulunisdanisnedy’ uag "n1sivan
adangud (Human Factors) inldegneaieds Wuiiladdylunsananuniesdn winsudesnisli

s Y N = (Y = 1< al' .
23ANTUITULUA B ULNNDIINNATUDUNYIAILAYNG TZUEU UNTUNITNDINFVN1E (Well-being) Lay
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v
v v

IndrAan1esnanevesywe (Human Limitation) tileUseanaimgeaavisrnuuinig (Service) wagay
Uannny (Safety)
Mnteyadreiunanlid “anumiosdlaldiAnannanminndoniiosodiafie uidauinan
N52UIUNNTUIMSIANMIUaNITEEnKUUNTYIudundn” %ﬂmmaaaqmﬁumwmmL%ﬁmiww“lﬁﬁqﬁ
1) ¥89995ENINYVINY TCAR UagaIsing19ss
Jlideyadiulngseniuiimsradudulumudodinue FTL vos TCAR waszyiiiaiudi
"Compliance lail#infu Rest” vneanudn uhgldnamineunguune wimnnanindulidenndas
AU ¥in 1wy mesindeulunanansfundiduiiuening ardmalfAnannganuiudanilugag
UjtRmh e tudaly
2) 2wvsmuwmilosdningalutag WoCL
wiinnudousuvuaiestuasnuaudngsgnlurianm 02:00-05:59 u. (WOCL) Tngazilennis
dndulatrasasgyidoanslunsesansaulaondtluiosdaoans  dedeyaann  EASA  Safety
Reports fuduingifinisaifuanutasnssvuaidn (Minor Incidents) Sinufatulugasnaniaonados
AuNgeuIRNIAIN
3) guassasuselanaTuusssuauasasdy Just Culture)
nansITenutaieasafiddy fe niinvudeusuuwedesdufinrufnalunissisauaing
wilosdnegegain esmninssiazgninseldandedeadu (Per Diem) Sudusmeldvdn vilfszuy
FRMS lslansauudeyanundssiiuiadsléiommn
4) m3iseuiiuy 70-20-10 luaaunisalass
wifnaugulmiszyimsevsuluionSou (10%) lianufisosaumilesduasng TCAR 16
win133an1sAaanil oed i saduru 1Anannnsdanasuil (20%) uaznisasidnanignaagy

UsEaunNIsalnuLes (70%) Wiy WATANITINNISEATUINITRAZANSNA MBI TN AU ULLATIDUY
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LEARNING COURSES, CLASSES
AND TRAINING PROGRAMS

FORMAL
LEARNING /¥

COMMUNITIES, NETWORKS,

SOCIAL
LEARNING COACHING AND MENTORING

NEW AND
CHALLENGING

EXPERIENTIAL
LEARNING EXPERIENCES

70-20-10

IN LEARNING & DEVELOPMENT

Al 3 70-20-10 Learning & Development Model
fisn; https://www.vectorstock.com/royalty-free-vector/702010-learning-model-infographic-

vector-61421478. anudvavst 2026 1ag VectorStock. thuldlngldfuounn,

AU UHaNTTIY

Tuusunvesuium mstulne 9110 @vww) aelduinsgiu TCAR anusaeduselilaewiany
Uszigiudndnylasil

1) 909INTENINVBMNUANIINYMUIEUALTATINANTINN

nan133ed b wimssufoRnueeminaudeusuuuadesiu azaenadasiuinad
1173571 TCAR OPS I1demsddanaiufdanini (FTL) uininausinandgivanumiesdly
s¥iuingm JeaenndestfuninAnyes Gander wavaaiy (2011) fiszyinsuimsinnsenuvaensislag
Bauites "ngazidoufinnea’ (Prescriptive Rules) lianunsansounquifadeidsaseoyanaldvianun
Tagianzlutas Window of Circadian Low (WOCL) 583191381 02:00-05:59 1. F9519medinsvd s
alndugsgauazonmgiisnanisansias (Czeisler & Gooley, 2007) wifnausousuuuiAIsduszydl
omwinduladnasuargydeans Sonnuoshuaungvine TCAR Faluandrioagniududaluemnis

TR

MauUnd wilw@adingreansnaivinyisifeyanaussanmueduywd (Human Performance) anas

'
o

mﬁqﬂ (Akerstedt, 1995)
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2)  wansenuvendun 1 dutunIvnenunmnsingeu
nansAnwludunsidelna  (Long-haul) wuinmstutruwanamansleudwmaliingn1ig
Desynchronization  w3eanmefisreneglianunsausuuninnmlinsetunaiodiuldviui Fwnu
WINIFINTBY ICAO (2020) T1NMBNYBIRDINITIAIUTUR Ussunas 1 Juse 1-1.5 waan wilnau
Fousuvueiosdudnilngissyinnsinluaaiuaionis (Layover) sffumsituueulunainansiu il
AU UTiRInIIN1susulunaInaTsAu (Local Night) dsmalilAnviinisusuazay (Sleep Debt) 7
yAnugussstuludfieadunindy anmednendmguiives Monk (1986) anuimilesdasauasiiu
neuMNALT (Alertness) Tanaslussduifisusinfunishuteanssedauiiumn
3) dwusssunnuUasnsiwazaUassadalaseaine (Just Culture)
anwduadlunsazvieudoyasisinszuy FRVS esmnninauiirufnaliessansenuse
srwldmngnasmeudalasdu Usingmsaiassioudn “ansssuwisarunusssy’ Oust Culture) Tu
pernsdaldannsauulaasslulifvesdadonaasugia auuwIniewes IATA, ICAO, uaz IFALPA
(2015) szuumsinmsnrdssnasmilesdnaziivszavsamAredlentnaiundmrsenudeya
9819833918 U51AINAIUNG (Non-punitive Reporting) LL@'miﬁwﬁfﬂmuﬁqmﬂuﬂﬁﬂ’amﬁﬁﬁmiﬁuﬁy’q
fisamelainfoutiy (Presenteeism) taifunruidsausls (Latent Error) fissuu TCAR dioadnluudly
TusgAuuleuensusmsmsnensuywe
4) nseeneneIRANIHIuUsEaUN1Sal (70-20-10 Model)
wiinaudousuuuweiestuBeuiinadamsinnisanudvinulszaunsaimhauisiesar 70
LazMsADLILIINTURosay 20 FeiUszAvammunnninmseustluiesSeuiesar 10 aonadosiy
lumaves Lombardo wag Eichinger (1996) n1slasuAugl (Coaching) a1navitgnufUians (In-
flisht Manager) TuSesn159 Strategic Napping nensdnnislaguwinissewinadiondu Wuuinnssy
\BemgAnssuitieUssAuUsznosanssauzyeaniinauldfiniimseugiie  (Manuals)  fiesegnaien
(Watkins & Marsick, 1992) 89ANIATENTEAUNIISEUTHUUNINIT (Formal Learning) Tslaunuviuadle
wazneulandanunisaiaianniu Wedugiuarudiigndes (agwad A, 2565)
mAfeddliiui uinnssunsdaniseutasademelding TCAR ﬂzUii’staﬁ’]L%ﬂiﬁ‘ﬁu s
Tulvgazdesimdrumsuimsdinnisuuy udilusdu” lugnmsuimsdanisuu "aundeuseynna”
Tnglddoyaivermansanszuu FRMS SaufunsusulasiadaduatainisfiBesonuvasndts ioan

Y89I9TENTNTONNUANNNYMNBLALTATINAN AT TING 1R 08198 9EY
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JDLEUBLUZIINGIUATY
diellassnsifedauysaiuavannsaiiluvssgndldlfasdudsmsianmsdmsunmstulne
meldnsou TCAR vetiaueatoiausuuslaouiaiu 4 diudedl
1) UatausuuztBsulyuiy (Policy Recommendations)
MIYsANITIAUsTINANUaaAiY (Just Culture) agralugusssu
nansIsetliduingUassadidyfiaadeUssavinavesssuy FRMS  domsfiwiinanlaingn
senuauwitesdnesnigadn  esmnarutnaduneldiasaufniiuedn ddu  dield

Va o va

TWUsIIN Just Culture Lﬁ@%uiﬁﬁ]%ﬂumwﬁﬁa ATeduausuuzanasnsdeufoanidususssn 5
Usens dedl

mmmaﬁ 1: ’58‘U‘Ui’1EN’mmmLMﬁE}EJé’WLLUUhJ'L?JmNEJﬁmu (Anonymous Fatigue Reporting
System)  aadnsAMITHANUNARTe SUATTRd M UM ITsNumLImTosdTiunTnfeuve s enulag
anysal lnessuunainanaIsinuanvagddny loun nsidndeinuseundnduuuaunialnudiud (il
gUnsnivesesAnsiiaunsafnnusanuld) nsldsiatsunufieddulasalud®  mauengudeyaoen

9IN35UU HR 9g10W0nn saudanisivualiiifguassuuiidudaszandieuimenisiu Baenadasdiv

' '
I ' I

WUINNNTDY  ICAO  (2020) #IszyInszuuMITIenuivasaiasuazUsiaannisadlny  (Non-punitive

]

Y

Reporting Syster) {usnguddgues FRMS fifiuszavsna il shetheivsvaumudialdudsyuy
Aviation Safety Reporting System (ASRS) maqaw%’gam’%m kaeszuy Confidential Human Factors
Incident Reporting Programme (CHIRP) 84a1351%810419N03 Faanusoundususuulunswan
sruufimnzauiuusunvesnsdulngls

1357 2: ulgurgariniluainaanumilesdn (Fatigue Leave Policy) 83Ansaasiinum
Wlgursnsandienniiuainaanuni sedniidlasadredmau Tnswenesnainnisadaeialy (Sick
Leave) iolilnsznusiananisamnuveminey Weweiinsdseneusonsimunlamfuaiin
Huaneuwilesdretitlisnanailodedu (Per Diem) veudoutiu Sunsumsudanitlidudounas
Lifeaunsinnsanvesiminaulaenss saudenssudseiuiminauilldans Fatisue Leave axld]
gnunluiasadeaulunsussliunaanulsednd Lerman waganieg (2012) Men1snsiadaunuauys
Wensaouideusumis Flifuiulevednuae dvisansngnisal Presenteeism u3onsiuufii

nunsnsunelindeulsegnsfivedany Feiiatluniuids s (Latent Error) Ndswalngnsenoninu

Uapasglun1siu
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w57 3: nalnduasesdisnenu (Whistleblower Protection Mechanism) tilead1sanusiula
Tndinaulunmsnenumiumiosdioisgain  esdnsmsinisimuanalnduasomnangneniely
psrnsidan 1o msszyludonnasmsianuinmsnenumiumilesdmmszuu FRMS laiferdy
wwiinsadnemnddiielan  msdakoamsdesioudassdmiunsdiiminaugnnaduliufiandd
faitldsenuaundosdiluud  uazmssimuaunadneiidnmudmiudtidutymiinssinietsy
vidsonasuniinaulunsddsnan JsaenndesiunsouniAnued IATA, ICAO, uag IFALPA (2015) fisgyin
Just Culture asifinduldasaineidoflassadmengmneuasulouigsosivegandugusssy

157137 4: 58UV Fatigue Score Dashboard d1v3UgU3INsdu sdnsAmsimuuAvUeinT
uTuteyamumilesdluseiunminvesrsdy (Fleet-level Fatigue Dashboard) Tnethdeyaain
S2UU Anonymous Reporting WaghUUTaaMMANARIAATTININ 11 SAFTE-FAST SNUAAKALUY
Real-time wiglieusmsnisduanunsasnaulausunisnadu (Rostering Adjustrent) iﬁL%qgﬂﬁauﬁ%
Aawmmssimudasnds Tnsuasueiadmauansoyalusedundgy Group Level) whiiu Talldszdy
swyaea ey wannislidameinuaugiuusaniamlunsuimsinns - Geaenndesiude
AuNUTB Sprajcer wavAMy (2021) Ui FRMS MiuszavSnageanmessuuiNaIunsNeLaIngnd
Fuuu (Bottom-up Reporting) WfumsinseiiBanennsaiannuuasans (Top-down Predictive
Analysis)

11AsN37 5: nsuFulassadieseliiieanussgslasredun1531897u (Income Structure
Reform) Tuszeze1n asdnsmsiansanmumulassaiineldveaniniudeusvuuaiosiu lagan
dndumsfisiadedostu (Per Diem) lugruzselindn wasifindaduiudeutugulinndy el
wiinauannsafenuaumiesiuazaousianiisrduldlaglideuniunisenamsiuiuns
nsudsulassasenelansnanlimesudasyisduaiuianusssy Just Culture uidsaonanosiundnns
Fugun1zesfing (Organizational Well-being) 7 ICAO (2020) sxyindutiadefiugiuresssuuning
Uaenseiidsdu
NsENTEAUNINTgIUTINSENI19UfTANTS (Layover Standards)

UBNTIINIMINIIUNMTINBIULET  B3ANTATENTEFUINATT UM SARFRNT ST
anniivanem Teeuiunuant@duanuvasnds  mulouasy  mImuauLaTiiusEAvEaw  uag

anndeufideren1sueunauluaNa1eiy ieatuayunsiniumumguiuiin®ia lngame
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ag9BsdmSudume Long-haul finsheugissinreulunaifidatuuniin@inim (Czeisler & Gooley,
2007)

2) UaiauauuzeuRng (Operational Recommendations)

N5 1ELUUT1a8INNANINANEARSTININ (Bio-mathematical Models)

H1e9nn15190UAITTUTRNSTUgBNALIS LU SAFTE-FAST 38 Boeing Alertness Model (BAM)
uldmugiung  TCAR  iilemensalsefumnunilosdnaramiieutssnmansnadu  (Rostering)
Tnsnngludumadudruniviifinsdswennamatsloy - Jastelinisdnamssduasieudadaia
neaiTinewesnudliuiudidniinsdsiaviileduiondaion  @ninmunsiunaFouuns
Usenelneg, 2567b)
N153an15190ULUUaANSEZENAIINAT (Fatigue-Conscious Rostering)

94ANTAITUANALINTIANITNDULUY Quick Turmaround TurduvnefiufjiRenusng WOCL
(02:00-05:59 u.) Aadeffumaetu uazmsdamslyiinamuisunuuuuideuludrami (Forward
Rotation) titelsemeusuiliietu saufemsinnsanimunnasinisinsewiradienduiiunnsneiu
semadunsdulugfirny Sueen (Eastward) wagiirnzinn (Westward) iilosannfiavianisOudsnaste
AATULTIVD Jet Lag fumnsinaifu (Akerstedt, 1995)

3) TotauauurdmIUNIINAILIYAAINT (HRD Recommendations)
N133ANTSISBUIRIUUIEAUNIAlLALIATaYY (Social Learning)

Wiosevanluiea 70-20-10 83FNIAITIAAINTIU Peer-to-Peer Safety Talk Lt olsiniineudi
UsgaunisadlanenemnallAn139AN15830 LU Strategic Napping wag Nutrition Management
Turwnauguln aduuinnssunsinnisesdanuiiisiussansamgdluuiunvesgnise aenades
FULUINIYBY Watkins wag Marsick (1992) 713 Iifuinnisdsusiinunevodsaaludivhaiuty
UszansuaganiinseussiluvioasoulasiowzdmiurinusidesUszgndldluaniunisalods
N130UTUNANEAST Sleep Hygiene uag Circadian Awareness

nstulnealsussyiveuineimandmsuounduit i udruni swomdngns Refresher
Training AMKENAS§IU TCAR ielvimiinaufiniuanansalunmsuinmsdanisndanuvesnuies (Personal
Energy Management) leiagn9iloa1tn maummﬁamﬁmmi%’mmi Jet Lag mslfuasuazmnuiiaidie
UFuuniinm3inin uazivatia Strategic Napping luaniunisainisduase (algwed inagnsny, 2565)

4) YarauskuramsunsIvgluaunan
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NSANWLTNAAB9A28 Biometric Data

AsinTIdesosenlagltinalulad Wearable Devices 1l oianuawTUB UM ULAY AN
WUSU5IU8I8R 51N 156 wTa1a (Heart Rate Variability: HRV) va9nidne1ud ousuuwias eaduly
A01UNTIA39 Lﬁ@léﬁﬂizﬂaumiLﬂ%'amﬁauﬁu%ayjammmﬁaaé’ﬂm%é’mﬁa (Subjective Fatigue) 34
wheiumdeiiovestoyaiiinirgszuu FRVS Ifeeditodfey (Lerman et al, 2012)
nsAnwUIBUBUTENINgUAI9E19

AsfnwUSeuisuilatennudiseninminaudeusuuwes esdunazdntu aneldnseu
TCAR 1y ilemaasiuuazgasing suazilugnmsiannssuuuimsinnisaiudasafouuuesdsom
finseuaguyAaINIMTDUNNALeg By Jeaenndosiudoiauoiusues Wen uazanz (2023) fispy

Insdeseuiieuseninanguerdnlunsdudufianeddgyassaunssudiesns

LONE1591999

e

bans gaunniey. (2561). InemansveinisueuvduLaznalavinsuey. 1MsasnIsuImuaznis
A1819UEY, 7(2), 45-58.

T3Nad neAgnsIn. (2565). NsimuInsnensuysdlugandsia: wuiaAnuazkuiuun. Tsafunume
INAINTUUM NG,

Usen nsdulve 9110 (W), (2568). 189ulszdnd 2567: NMTUIINTIANIANUUARANELAL 1T
wsle. Jusis.

a0 unvAIansNITIUNDINDINIA. (2565). m’mmﬁaeﬁﬂuqﬂmmmﬁﬁu: WUINNNITINNITHAL
AUUADANY. NBITINDINA.

dinaumstunasounisusswnelng. (2567a). ToUsAuresdtiniunisdunasoulislssimealng 11
mensUHURANMITU (TCAR OPS). NN 1ANUIAY.

dinaumstunaiFeunsisssinelng. (2567b). gilonsdanisanumiesdrdmiuguszneunis

UDINTA (Fatigue Management Guide for Airline Operators). E;J:LLGN.

d1UNUANENTIUNITTITIVNITNAT OU. (2563). WUINWMTHAILITITIINTANLILAANITIT 8 US

70:20:10. B{ui4.
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Developing the concept of extra fuel planning as a solution to overcome the

fuel cost crisis for low-cost airlines (LCCs) in Thailand.

Chantawee Wongthai!®, Teerachai Saikaew?
Aviation Personnel Development Institute, Kasem Bundit University!”

Specialist of Energy and Aerospace, Royal Thai Air Force 2

Abstract

Volatility in global fuel prices has directly impacted the cost structure of the aviation
industry, particularly low-cost carriers (LCCs) in Thailand, where fuel expenses account for
approximately 30-40% of total operating costs. Ongoing geopolitical conflicts in the Middle East
have significantly intensified these impacts on both global and Thai aviation sectors. According to
the IATA Jet Fuel Price Monitor, fuel prices have surged by more than 100%, especially in the Asia
& Oceania region, due to its high dependence on energy imports and its vulnerability to price
fluctuations.

This study aims to propose and develop an effective concept of Extra Fuel Planning as a
strategic approach to manage fuel price uncertainty and reduce hidden operational costs affecting
airline profitability. Fuel planning is emphasized as a key cost management tool for LCCs, focusing
on factors contributing to excess fuel consumption (fuel burn), including both internal and
external variables. Efficient extra fuel planning enhances safety by ensuring adequate reserves for
emergencies and operational uncertainties. Importantly, carrying extra fuel does not imply
overloading, but requires careful optimization to balance safety, cost reduction, and profit
maximization through fuel price differentials. Additionally, it helps mitigate the risk of flight
diversions to alternate airports, thereby reducing indirect costs and supporting the maintenance

of excellent service standards in an increasingly competitive airline industry.

Keywords: Fuel Planning, Low-Cost Carriers (LCC), Extra Fuel, Fuel Cost, Divert Flight
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B. FUEL SYSTEMS 7y
AIRDUS

B. FUEL SYSTEMS

1. GENERALITIES

The main part of the aircraft weight and most particularly the payload is located in the fuselage.
In flight, this weight is balanced by the lift created mainly on the wings. This distribution
generates a bending moment around the wing root. This has a strong impact on the aircraft
structure and leads to define a Maximum Zero Fuel Weight (MZFW) in order to limit the stress at
these locations.

Bending
moments

¥o)d)
)

Important
structural
Wol_ght strain
mg

On the one hand, the weight of the fuel tanked in the wings balances the effect of the lift and thus
reduces the bending moment. On the other hand, the fuel in the fuselage is an extra load the
wings have to create lift for. So, fuel has to be kept in the wing as long as possible.

Bending
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E‘Uﬁ 2. Getting to Grips with Aircraft Weight and Balance, B. FUEL SYSTEMS A320
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[
v N o w

o Funuilaunelu: wusHumusIAUTuRulunanlan

o Amdidley (Import Parity): lddeauuilunsidninuaindsalud wu Aruds Ussiu
2. MBuagnomu (Taxes & Funds) whsnduisiuaiesdu uiffinsdafunBnudssnnmsdu;
®  ABasInaniin (Excise Tax):
o ndululszme: Sasnfeyi 4.726 uvwsiedng
o Jiendusgyiasemea: 1§5un1s sndiunBassmanin audonnasnisduaina

o adyarniia (VAT): dmiuludna 7% vessianune

o aEweuna: aiuTudufinanaBasswaniie (Uszuad 10% Y990 18assnaniin)

3. AININAIALATAIUIANTIY 9 (Marketing Margin & Logistics)

® AINIRAIN: ATEUAUAIUTITIANITASNITY nsvudsluSiauniu uavilsvesan

® Into-Plane Fee: Asssuiilon a auudu Jadurumsvosuemgliusnafiuiiiiu
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Jet Fuel Price Monitor

This Jet Fuel Price Monitor provides the latest price data from the leading energy information provider Platts. The Jet Fuel Price Index
and price data show the average prices paid at the refinery for aviation jot fuel for the reported weok.

Please note that we are unable to provide historical price data; for additional fuel price information visit the Platts jot fuel microsite.

For any questions relating to this analysis, please contact the IATA Fuel Team: fueiteamé@diatoorg

Fuel Price Analysis

The global average jot fuel price last week fell 6.79% compared to the week before to $184.63/bbl.

Week ending Share in Weekly Average Price ndex Vahue RSy AVSEROEPOw s
17 Apr 2026 Global Index ctargel pyos P PO ey DO PGS P years
overnge
Jeot fuel price 100% 439.60 18400 145002 047 “O.T% o8 105.0%
Ave bt Ocesrns 2% 40403 207850 103025 wW2e A% TN 1% 0N
Crope b OS 0% “arm 10808 148305 087 TN “33% 100 5%
Moo Cast "~ 47048 10780 150103 5900 A% AN 1380%
North Amence W~ 100 40 107 132107 4dan 7o 22% a220%
Latin Amenice & Cantibean “n 42700 1780 141000 4970 T 0N 04 T
Atrce’ ™ 47180 wee 150410 1982 -S0% 4% AL L
OFf Price Dated Brent) ALLA L) “105% 135 To0N
Craak Sgwead 0672 0% ~16.4% 2172%

*The Aica Indes was Bunched on 2 January 2026, carved out from the Muddie East and AMica indes. Because of its Nnewness, its values are Indesed 10 its 2024 annual
SVerage value unise the Other reQuonal INAes. which are INnde xed 1O Thew respectve average annual values n 2000

Recent Jet Fuel Price Development

'g‘dﬁ 3. IATA. (2026). Fuel Price Monitor. https://www.iata.org/en/publications/economics/fuel-
monitor/?ga.aQobChMli_nT-JeJIAMVSzp7Bx2UNyW6EAAYASAAEgISovD BwE

7. Divert flight

1. aunumsAniuaulaense (Direct Operating Costs - DOC):

O Wawas: nsTuludsauuiudnsouarn1sTUNaULEUNIAL.

O 555U Hen:A555UHNNN5A9990 LALANBABINFAYNY B dunuTuluy.
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O uimsmaiuL: m Handling, msiutiiy wazAUsnsau q fienunsninaunudundn
mnlifidygraamin
2. AUNUALAZAITUATUINIS
O MIQUARLAENS: 9IS, fiwn (NSEA19AY) waznsvudwnadon (sada/ufing)
o fuawe: mMungszideu le1vgeimansuauumsioifioadu.
3. fuyusioiiles (Reactionary Costs):
O wansznugnle: Anuanidsasiaifieafudnly (Knock-on Effects) Lipsanninsasiuuay

anse ansatazaunINnIge fesldgniseynlual wse LAY

;!"{AOTI PHUKET

WTERRATIONAL ASPORT

%
g 28°C
-~

rhznmﬂsnurglﬁoﬁua\)nsaiammmuua\)
arensou Air India Express
(Ne20un AXB938 t1dumviu HYD - HKT

gadoouumoiv guduludnldsuuiaiy

SUrat'T?\ar{i%””

@¥akhon Si

Sk svliiarnmarat
nazisvaNduMmsmMuUIasU : X
AWUUA20AYREIVIASVASQ

1N Ouwnw 2569 L 1300 u

U7 4.5, udamplanla aumdugifn 11 8.0, 69, Flightradar24 Divert Flight aunudiudises

8. Service Excellence
Service Excellence (Aandudariiun1suinig) lugsivanenistudutededfgyiiasisniny
uwansnslunaiandnisudetugs lnewduiinisianudilanudeinisvesglagans nsteudsyaunisal

a

AAuAMUAIULNE LazanualENelunsusAIg
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[3 o w . a
p3AUTENOUAAY DY Service Excellence Tuanan1sdu
®  ANUUaRANULAYATINGA: Lﬁuﬁugwwé’ﬂﬁ;ﬁmamsmwi’q

® Uszaun1salfis1usu (Seamless Experience): A4UAN15999A73, NSLEABY, NTUSANTULLAS B

AudIN1TTUNIzn
a Y . . v < Y a
e n5UIn1Imela (Service Mind & Empathy): mMsiinlaglagansuazanadslaliuinig

o Londnwainululne (Thai Hospitality): Msuaususnsmduendnwal 1wy n1slud A

OULDYN T9a519ANUUSEIULA LAY 1IR19R

e auainaws (Consistency): MssnwuasgunsuImshiaviniulunnineldu

ada v

5218uIFY

n53Tei3es Wawuuafn mareunuBisdomdaaiufiay (Extra fuel) fdedingadunusan
demAsenstusiuyush (LCO) Tuvszmedlne TnsTeseitoyaidananm (Qualitative Research)
Aun1sduAuteyaldadn (In-depth Search) wagn1sasuaINAUi U INELIE 89978y (Expert
Opinion) 1uszfeuasaduijshanuitilasnienarsteyaniuaile vesnanaiesdu uazienaisng
sufoumuuiin inmiisauesnsdn1sou Vs CAAT | IATA wag ICAO Tuuum WRHA AIUNANNNT

Usenaufiudeyaanndsyaunisaliuvesuseius

1. M5I98LBAMNN (Qualitative Research)
wWwhaudladedin (In-depth) Tuusuvsssuwnd neyjsesune "agnels" uag vty iivelule

geRAusvi visesdureUnngnisalegtazden danuvasanguy

2. NMFILTONANS (Documentary Research)

[
o

Junszuiunsymusudayasinenastudiuwazdusosiiieides liteasanseuniAnuazyi
ANIITAUIUN 1 $18971UNTITE, UNANLIRINTS, ngvidie, Tulin, vieenaisd1dgiiineItaany

PraNfAnNE

3. ieseilaildlunssiusiuteya (Research Instruments)

Va v

O EN98L84 (The Researcher): A9LAT95 9N NAVNNTNNFLNN RANL LALIATIZI

Y
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O uuuduNYalANEN (In-depth Interview Form): Tddwsuduntealandideryayierln
Joyanan (Key Informants) Wiensiuaruaniiuiagyszaunisel

O uuudann (Observation Form): Tdtuiindayanisiu anuszaunsaifuvesuseius

4. nsfiusavsiudeya (Data Collection)

a

O MTBATMBNANT: TIUTIANUVEIToYANRYT

O MsdunTalBaEn: dunvalfiervigiiedesnuusshuninmue

O aunuingy (Focus Group): NsUssgunauileInymiesiaiuladiude

5. M3lasgideya (Data Analysis)
o m3lanesiilenn (Content Analysis): n329a0U dnvisnany uazimudoyaainionans
warmsdunuel Weduuseiuddy
0 mMsAeTEiUIUSEUiBU (Constant Comparative Method): W3suifisudeyaiildan
uwndsengg evndeagUiiaenndoriu
O nsduATIedea (Data Synthesis): asuiduannuslmiviermesuieusingmsaimunseu

LUIAR

NANISIY
mﬂmiﬁﬂwmaﬁLﬂiwﬁﬁﬁ]{]’aﬁLL%’Q%Q%JmaﬂiwwiamiéumﬁaaL%@Lwéwaamamiﬁuéfunu

51 (Low-Cost Carriers: LCO) Tutszwmelng uanndnfinnsunuld (Fuel Burn More) saudanisussiiiu

Aldaneuds ansnsoagUnansideluussiuddylassd

1. Yadeiiufiasefidmanonisauddeadamas (Fuel Burn More)

a [ [

Uadenidvisnageilidomaddunnniinsnunuunfudsesndudmuma o de:

e  UadudnunsuUfns (Operational Factors):

O M30wIuse (Holding Pattern): 91NAUNUILUUVBINITITINTNIOINA B YI10INA
g1undn (1 grssagil/aeuiles) viliiasosludosduiusounniiund aunududdl
HBana3nfien (single runway) win1591595 UL NI ALY 1 1Tl iin

o dumsuuagseduanugs (Routing and Altitude): nslaldduluidumsdiduiign

wsslallasuseauanugaivazanlun1susendaiomas (Optimum Flight Level)
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O an1wa1nd (Weather Conditions): n1sfesdudeungviseanInenakigesiuie

o  Uaduamuiminlazdiaias (Weight and Aircraft Factors):
O U miinusInn (Payload): MIUTINNLIAEaNs dun1seiiiunitnismansal

O UsgdnsnmieTesews (Engine Efficiency): a1gmisldauuasnisungeinuinieseus

o {ajsnisuen (External Factors):
O auududiil wnAe LEENTIANISNTIATINSEMA TIFUTeu dwarensldidemas
o dosiavesaunuduiififisandinfes Gsingle runway) WiAnanunisallinniiuiides
Yameds warliifidnonmlunisivaninmeislénunan dwalidesduiuuiul unde

vnegasndusieq divert flight to alternate airport

2. HANTENUVBIUTLANTAINANT I ULALLT DLW

NN ULALLY BLNE LT UNLAY (Extra fuel): @1en15UudnANLyainadsd1589 (Contingency
Fuel) Bunnidusndudisninulasnsswazdesiunsidsnaiainiiedtuiuse daaliasaadu

fliwtiniiy (Excessive Weight) wagynlisnsinsina1ayideaingdegeu (Fuel Burn More)

ns3nnsteyaliudugn: nMsEunsiunrIanIsUsEanateya Real-time (W Jayaay,

ANINITIDT) AIHALANITAIANITALTBLNAIRANAA

AR ULALLY DN ANASUNLAY (Extra fuel) LNDWIIHNaLS 8@ IUAIITIAY DLINES WAYIANTS

WiguguANuANeT AUdnsIauldoatelndaiiudu (Fuel Burn More) 3NN MUHULUY

Unf FainiAniu eadundu lnaiu 4 92lusdu (required fuel center tank for A320)

3. @rldd1eusls (Hidden Cost) Mufiniu

AN WA IMLARTUIINAITIN N ULALLY DN AN T USEANS AU ENeUALE

ANSIIULTELYINOINIAENULASATUTN AN (Handling Fees): A535uLiaufiiuauaInnisy

LA5090UADIAIRRAUIUTUNI TR NI Ne Ul dudauT U

AuUANEIE (Delay Costs): NMSiE8LIAUUNUYSBIUDINIARINNTIUTE WaNIINFUUTDS

Waaaa) JuduanltanemundnaukaznIsuUsn1sineI999

'
=

Anldinesudwindau: funuiannsUdesingdeunsyaniiiudnlu (GHG emissions) 3

Tuaurpnenadsadaalganeluansnisuasefing (Carbon Tax/Emission Trading)
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®  divert to alternate airport NAlganefinesdeiisuiinuniadisatu Alanarfulaeussunn
30 U9 5804 1 TRlug wazdasaesiuiuAlgateadamnds anin1siusenaunsanaula

divert TaudsAldInemneullosiudlagansluiesdu

asduldmsnumindamdasuiiay (Extra fuel) iWuiiemils Jedoilfidmansenusie
nsAuUAentamas wazdunualidnevesasnisdudunus (LCO) luusamalne Mnvasgdade
uardladeiidsnansenusionisdmddes uazanlddne vesanenisluaniianfionns divert to alternate
airport @sanunsadestunazanlenia divert #1en15USIMTIANS msimaulannunuindomaeasy

Ay (Extra fuel) a8198UsEENS AN

HaN1TIdBuaziazn1sAuAiteya lassaiunawamaeimagululszmalne dgaziden

[3 -1
ENAY 2 USRI UNANANU:

1. lassafunmaunduvan @3sagil/neuile) Weuiu aumtuiedmin

v a a

Iasasnemiituaiostululneldwdnnis Import Parity lngensdsainnaindanlus (MOPS)

(%
Yo a

Juguman anuwsnasseninawiniundnuavauiudunadminaguladad:

® AwudILAzUINNT (Logistics & Service Fees): iAnfiawuduisdamindngandtauindundn
(U 33593 %30 Arullies) esndavudaudunmeniesausmnludiginim uag

AU (Into-plane service) MilAUUMSUTMSIANTSAGaugosgen I

a v

o  msudausazyliuims: auudundniiusunanisldgs (Economy of Scale) vilvirnsssuiiloy

I a

#RARIANINALINTUIUIRENARTUIU T uTae

® 23AUIENOUIIAN (Into-wing Price): UsenaualusiAgiunalalan + Ansideulsinau + @A
YUAT + AUIMIANETY + 118 FedivesArvudiazuInNsAefwUsra NI lRTIA WAL
auuduladingu

2. NAYRINITATINANNAMADIIANT DAY WeITUlUUTEALAESEMINIUTENA

o v A

ANUuANATBINsEAdasinafinluteded Agiiliduusawemas nslululszne

o [y

genseninalseinmegadlvdudfny:

7]

a

o fienduseminsusenea (International Flights): lasuniseniiundasswanis visedanulu sns

6

Aue (0%) MUTDRNAIAINA

U

o finduluuszve (Domestic Flights):
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FoudunBassnandslusnsunifiuszana 4.726 vIvdedns

wansenu: mMBLAnusuuioulve) vesfunusiiumsatenstu dealaonssiosiaeia
wsosdumelutsvmea slanenisdudessnfiumsssudoniiu (Fuel Surcharge)
astudlonathiulanijsge

a wva ¥ a a

mﬂmamiﬁﬂ‘mu,ammﬂg‘ummumimqL,Lmumm%amam%uﬂmw (Extra fuel)dmsuananistu
funush (LCO) Tulne iiesuiofuingasiunusnandseu fuumsteiauouuzutsm 3 dundn dail
1. sumuasndy (Safety)

A15ILHULALLE DALY (Extra fuel) agadlusyansan szyledaasusdiuaiy

Unensiy (Safety) vialnaannnisdesmneglugisiarienaneliindunsie

® Regulatory Compliance: N3 9LHULANLDING IR D98DAARDINUTO A NUATDIFIUNIIUNTT

JunaSouurisUszinalng (CAAT) UazansgIU ICAO BE1aLATIAsh

® Safety Margin Optimization: N15ATUIMUINUFITOIAIUANINDINTARTI (Weather-based
Contingency) i el ulaiasesfudurduissnod msuiuiu (Holding) lneludwa
nsznuiunsinaulavestintu Tunsdlanmeinmaldidesuiy wandeslditnlndaaiunisal

dUD1INBIMANSUNTIY LUN1S Go around, Turbulence

o livayaatifdounas (Historical Data) Yodusazidunisduundreandula iieanainuig
vaaindu leglvaniuialunmsinaunuiuieindaaSuivay (Extra fuel) Tngamzyiagg

W visedinsudnieuanine1nia ludnanfediuvesdnougmudeyaaiidounas

o hioyatatedudug fdmadensdudentomas uszneumsdnaula Insewiztade
Fnennvesauudy Yesainvesauuduiiffiesndiadien (single runway)
2. iuarilsuazn1sansuyu (Cost Reduction and Profit Maximization)
MITukBdeELaTIfilEy (Extra fuel) mnauuduiiiangniielulfluileatudaly 4
Tanenistulddudsansandemas iunisdaeuimsdunuueged uwdfdosiuduneunis

Ao ssauAsuNsiUIsuLis Tnglidwmase optimum veaignduilueg

o gnTunigludsena (Wu aeuiies vs auwuiuginin) MIIURNUANTRLNALETUTLAY

a

(Extra fuel) wuulundu ( thru tank) WaZEIUITORAITUINTITINILNULA LY DLNA AT LN LAY

a 17

(Extra fuel) v siAnlunsdl dJanmernia Hauruduvarenis nsedeyaadfdounds



53
’J"Iiﬂ”liﬂ"liﬂwﬂﬂ’]iQﬁﬁ"l‘WﬂiﬁJﬂ’]iﬁu (KBU Journal of Aviation Management: KBUJAM)
gondunmuiuaaInIn1siu anInendeineudngn

Uil 4 atudl 1 (unsAx - quieu 2569) ISSN: 2985-1645 (Online)

N1535795N40INA LBAANTALRLNGS Nauuduredwmdn wazieindsegludumus

N o

wing tank lidsnansznuse Weight & Balance Efficiency agnsilitidAny

o erfuszninsssimandszuglng Uindnuineguad NMsIuNuiudonduasuiiey
(Extra fuel) fauds1andeandsazgnnin AdesdinisAuinedssounsu lnglidwnane

optimum vaaig1u wazlUTumEuANUANA19E19a2LBYn

o Liidngaundnasudivay (Extra fuel) Tuifientui lifienudes laq Wueimaduazliliey

o w

Tuthsnqusan laifidedrinEes aurndu ( Two-runway separation)
® \Weight & Balance Efficiency: Funtagoinas ﬁagiﬁnmmaﬁluﬂﬂ (A320 Uszanad 12,400
kg dawasiants auUdoademdstiosnnn Tdsdmadiu aerodynamic veuaiesdy
3. fusmsgIunsuinsiduda (Service Excellence)
® Safety & Security: i@Suasinudesiudesninuvasnsy

® On-Time Performance (OTP): N5 Extra Fuel M1 L uNE@us 1880 Lan1d7 1As 8 Ua oy

\&@un9 (Divert Flight) Tunsdlaninenmaldewe siliiiwadudaivunensanan

® Environmental Responsibility: N15US115 Extra Fuel ag1sfiusz@nsaintasannisuase

&

f19A15 U (Carbon Footprint) & LU WLNIUANISUI N7 698U (Green Aviation) @514

Aa

AmanwainAserlneansyalyl

® Operational Resilience: anlonanisenianiieatunsemnuaidiazay (Knock-on Effect)

briszaunsallasrinveslaganssusuullugiingasameaany

a a o
2AUIIBNANISIY
NIHAUIUIAANITINUNUANLT DINGSLaS UL (Extra Fuel) dwsuanenistusumumi (LCO)
Tudseindalvenigldingnsandomas iWunssuiunisiidesandenissnuaunasening 3 Handnegi

Wuszuu

Tufisuaudasnde (Safety) n1sUfdRnuuinsgumudetsfuaes CAAT, ICAO tludedily

a a

2191aNLAYIS BATAITINNULRL BN AL ESURLAY (Extra Fuel) agnafiused@nsan taensindula

Nniugudeyafiuivan amuatunsiisuiisuanssaugveuniosiu szdsdreiiunnudasnde
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(Safety Margin) Tuwsiasiieadu dian waglenia Yrsasuliindudndulalaegnamuizan Tunng

anun1sal lnglenganan wenAfliipes 1wl Lardednninvaalnazautdu

lufifidunanlsuasnisansdunu (Cost Reduction and Profit Maximization) lagianiglugas
3ﬂqmﬁmifwﬁuﬁw'qqq nMsnuRud e naiufivay (Extra Fuel) andaldiuioudiudiasen
Jownds awdwaemsduuimatunumssndueuldiduedied wasdwheanaldaeanemdes
A51Ua sudunisdu (Divert Flight) & aduanunisalfidanldsreunma Weoilsuiunisdudes

WDNAIDINU NN VDWTBLNAINLALLAL (Extra Fuel) nasnauanlyda18aInn1santnveaiesduy

TuiAfunnsgIuAIULIRsEIUNsUSMsTWERA (Service Excellence) N33 RwkAILT BN
w@Sufivay Extra Fuel agadiusg@nsnm viwmdhindwnsizlesiuanudes sennesanuadiasauuay

o & a S o a 1 PN & o « 1
anaudndulumsiuddunauutiulatenie fremuanuedulusesanunswianal (OTP) wag
Aanusiatlodlunsliuinms wiluannzasasunnsenusevitaldguniundsny iiaignisdudas

AU LA IANe NIt Ul URAA

Y A

Vefign WWIRRNITINUANY Extra Fuel agsipaiin1swmunlugiuuuy "Green Tankering' %50n13
uimsTanind eudadanagnsdaruglusunisld Sustainable Aviation Fuel (SAF) uagn15u51q
\Wmane Net Zero Tapangnistufianansaysannisimalulad Al nnsiisgsidoyaldsdn wazaiy
Suilaveudedwndoudideiu ssdudiaunsadnviauaiunsalunisiidlsuazuinsgiunis

UINsTudalila viunanswngingandanunailaudildgnannssunmstuegnesiaiiies
JaLEUALULRINIUIY

INHANITIFYNAUILUIAANITINUNUALT BLNERaTUTILAY (Extra fuel) Aavaed Ingaiuyuy

& a A v 5 i 2 v aa a i I
IANTINES @ren1siuduyuai (LCO) Tudssnalng wuitmsiiuteyaadiinistu egradusvuy
gnssuarasuiiwaztiadugiudeya lunsmuwmunsiuenludeyausznoumsdnduls msnuny
WiaInauasuiiaY (Extra fuel) ag19liusednSnn dawasionisaniiuauvesaigmstunuuiunuag

glagiu
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nsasnuliszun Flight Planning System (FPS) fivfuasiouagiiuszavsniw AIUARUNISYIN Big
Data Analytics Lilevnqnauna (Sweet Spot) fiunsiulsisniAuludnasetinin uazlivosifullau
AIHANTENUAUNIATFIUAIUUADANY

N uTaLY AL AuINYAR NN Weight & Balance Efficiency Au209aRYu
(Break-even point) 1374 dussegomnas fusisaudeatemdsiiiiudu (Fuel Bum More)
%dma@iammﬁuﬁﬂumiwLLWL@&JL%LW%QL&%ML% (Extra fuel)

nsldudnnns uazd1sdaniug (knowledge) figniesaztaeliaronisu awnsasdugsia

wazuvstulunansldegredsdu drumningaitazithan
1% a
L MFRRNON
wrudisAelunisdunadouunud State Safety Program (SSP). atfuufdlunssiil w.a. 2566.
driinumstunasoulslsemealng |, Civil Aviation Authority of Thailand ,(CAAT)
Wigndunanedasaengnidugnzin’ ndvgssuni-aeuslosiaerunaimiin Juansi 10 wqunies
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A Conceptual Framework for Innovating Student Pilot Training

at Thai Airways International PCL Using Virtual Reality (VR) Technology

Thitiphong Sukhothanang
Thai Airways Public Company Limited"

Abstract

Flight training for student pilots is inherently high-risk, demanding a strong sense of
responsibility, solid theoretical knowledge, and rigorous practical training. The extended nature of
this process imposes considerable psychological pressure on trainees.

This study pursues three concrete objectives: (1) to analyze factors contributing to student
pilot stress and Washout Anxiety—particularly during the critical transition from ground school to
Full Flight Simulator (FFS) training; (2) to design and develop an innovative VR-based training
framework supporting Standard Operating Procedures (SOPs) mastery and Cockpit Familiarization;
and (3) to assess the feasibility of VR integration and formulate strategic recommendations for
Thai Airways International PCL.

A qualitative research methodology was employed, utilizing semi-structured in-depth
interviews with eight Thai Airways flight instructors and pilots. Findings aligned with the three
objectives are as follows. First, the primary drivers of Washout Anxiety were identified as Cognitive
Overload resulting from the abrupt theory-to-simulator transition, excessive and diverse training
content, limited training hours, and the pressure of high-stakes evaluations. Second, a "Pre-
Simulator VR Integration" framework was developed comprising three core modules: a Cockpit
Familiarization Module to build procedural muscle memory; a SOPs Mastery Module enabling
repeated practice within a Safe-to-Fail Space prior to formal assessment; and a Stress
Management Module to build emotional resilience against evaluation anxiety. Third, both expert
groups agreed that VR holds significant practical potential for early-stage training; however, it

cannot replace the simulator for core competency assessment, and its implementation requires
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formal certification by relevant authorities, including the Civil Aviation Authority of Thailand
(CAAT).

This innovation represents a strategic imperative for Thai Airways—preserving human
capital, enhancing pilot competency, and strengthening competitive advantage in the digital

aviation era.

Keywords: Virtual Reality (VR) Technology, Student Pilot, Thai Airways International PCL,

Flight Simulator, Training Innovation, Washout Anxiety

*Corresponding Author: Email: krapaoman@gmail.com
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0 msnsIvAeUAILdeReuesteya (Member Checking) Fiduthasunansiinsizsinduly
Tglsidunwalnsivaeunmgniesuasasuiiuesnisina  Wedufummindetioves

Joya (Credibility)

5. 938555UN15998 (Research Ethics)

nsfnwiandunisaeldndnaiesssunisideegaaseasa Taog3duldudaldoyads
T UsatAveIn1sITeuazvonudusauaIny 1v19Iuns3dennvitunaunsdun1eal(informed
Consent) fliifeyaiiansufiasuionsusannisiseldnasnna feyadiuynnauaztesaiissyinu
Ifamngnundauazifivinyiiuaudu Ineldsaununsszydoasddunssuiunisiinnzsiuas

WLEUDNE
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Q 1. Analysis \ 2. Design
- Training needs é f 6?/ » Learning objectives
A Scenario design

» Learner analysis

- Task analysis / |-| \/ - Assessment plan

VR-Based
Training
Framework 3. Development
I /5
» Implementation 2% *VRcontent
« Learner evaluation development
« Program evaluation < * Integration

AW 3 nseULLIRRMSTAIILIANSSUNNsEneuslagldnaluladauasaaiiou
fan: J. Garzon, 2563, Applied Sciences, 10(24), 9145. https://doi.org/10.3390
/app10249145.

NAN15I8
AINNNTANYILAZWAIUINTDULUIAAUTRNTTUNISHNBUSNTNLS 8 UNISTUVIUTEN N1stulne

[y o

i @) memealulaganuasaaiiou (VR) §idevinmsdunivalanmstuiavinduvesnistulve
TavieAy 8 v mmsaaqﬂwamﬁumwmﬂﬁﬁﬁ

ANl 1: Agn3u

Usziudl 1 — YadefineliAnanuiaioalunsiinousy

asnsduszytadendniivilidnFounstuiaenumaion Téud Wevnindusinunnuay
vanvaneaw1iv) afneusudiin desdadulalalunariidinue anunadudumiiasasouay
N30 8UMUE suuUanasnllal 115EATBUATILAZAIINAIANTIIINYARATEUT 1Y
aulifureiufmimadanstulugisusn mssusilideliesuaziingnsdudwaumnniiuly

Uszihiuil 2 — yuuessianisiy VR wildlunisin
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agn1studulng wivinfivszlevd nsenizluduniswisuainunsouuazasisainy
Fuiasnaud@nlu Simulator ¥2glud uneu Basic Procedure wag Cockpit Familiarization
HeUszndanauazaildane agelsiniu IdedunnitfosfiansannruAuA1veIN1saInume

ngui 2: tndu

Usgiiuil 1 — VR mugfunsiln Simulator Uszdnd

unduliuiuii VR fusglovduisdiu uwaliaunsanauny Simulator 1e ins1gSimulator
finnuanysaindn asouAquitanIsuaiu nsdula ndu uasussazyiou lusmed VR S1ineg
wANTTHOUTUALIUR9Y it

Usziiudt 2 — snmsSulnesimumdngnslae VR anld

Fntusiudaslundnnis widiSeulvd1dsy Ae n1slndae VR naunu Simulator larld
Ws1EABlaAsUNTSUTEIRINULIBIURENe CAAT wag Airbus / Boeing Wil VR wmngdmdu dumeuusn
S udmsudnifounistu wu asdaiuwny ey uluwesindu (Cockpit Familiarization)

FelagtuinSeulmildnmsgluawmesvuslvngjoguds VR o1aumaunuludiuila

M13199 1 hanedeazunIng iy

Uszihu Agn1su intu

1. Uselevived VR Wiume Iaeannzaa wiumelunsinseauiladu

Familiarization

2. ANSNAWNU Simulator | VR gldiausanannula Tdaunsanawnule

3. msthluldanuasa ATNRNTUNNUUTZUULAE FOIHIUNITSUTOINNUULEY

AUANAT NUAYITeS
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L — -~ B G e
Juua:asadlurnovuniu A e
: | SAFETY FIRST
COCKPIT BUTTONS & SWITCHES GUIDE
Syus Wie Wvuagrvlasany

asavdounnadurourdinsiu

1 swornlodise: (OVERHEAD PANEL
€ 1HunGofisyr (OVERHEAD PANEL)

N : : - MASTER WARNING / CL

pre— . TS e ] %6 A e e f Ayaasdounda

D scroriTORAN (MAIN INSTRUMENT PANEL) |

— \1—#

FUEL PUMP
Ouhdudods

ANTHICE
s:0ulowiududounm:

CADIN PRESS / AIR COND

Inmelusa:meuvon

£) unonUanAN (MAIN INSTRUMENT PANEL) €3 uwId UG (SIDE PANELS)
PFO (Primary Flight Display : THROTTLE LEVER O Ty drgdnunidrAny
* wansiogamsOundn f v
s:uulwin
O - SPEED BRAKE
- SEAT ADJUSTMENT
Ysudien Je

- 3
saavaUAea-60QaMSINMY S:UUIBOUWAY

T 1 FUGH . PS LEV! ~ <
AUTOPILOT / FUIGHT DIRECTOR FLAPS LEVER s:uuloviud by

nouvnUsSEluOSeaisnid 1 OXYGEN MASK

ondiou s:uunuAUMStu
ALTITUDE / HEADING / SPEED LANOING GEAR

Sofins:Aunowae fianss aands s:uwudoars
SPEAKER / MIC

PARKING BRAXE - L .
APU / ENG START s:uundWwlaoariv
novnumsiiudu APU sandoseud

CLOCK / CHRONO -0-  Iwdovadw

RADIO / COMM / NAV

WARNING / CAUTION LIGHTS nim ~

W/ Tmdoues:Inaravanu: v - _— ) SUUSUIWMA

wdndudmsuiniSsunisiu 3 i X

Ao r P R B .. womsOufiaoaisludums
agnandausudula q Taslusdu

minluuule 1USnungmsTunSondo FLY SAFE

A2wUasaniuyoINNAU Juogiumsns:iwavAm SMA R T

A7 4 wuudnaeanmildawesiansluwasaindlunesintudmsuinEeunisiy

fisn: amadrslag OpenAl ChatGPT (Va5 GPT-do) [nnladalnedaauszRwsl. OpenAl. (2569).

<9

https://chat.openai.com



71
’J"Iiﬂ”liﬂ"liﬂwﬂﬂ’]iQﬁﬁ"l‘WﬂiﬁJﬂ’]iﬁu (KBU Journal of Aviation Management: KBUJAM)
gondunmuiuaaInIn1siu anInendeineudngn

Uil 4 atudl 1 (unsAx - quieu 2569) ISSN: 2985-1645 (Online)

lngagunangnistusazinduiiunssiuin VR Sdneamlunisadunisiineusulussezisusiu
wsildanansanauny Simulator lalui@anisinausunan anunasun1sduntvaltnediu amsauan
agunamsdrsamuingUssasnmadelanad

1. Yadesuanneinlanazguassalunisiseus

[y

NaN1FITENUI "aNMEANINNAaINNIYNARean” (Washout Anxiety) 1Juguassadifey

<

sudunilidnvnsaussougvesinFeuntsty Taganglurmavdsuihuannmangugdieiesinass

= o w

sty (FFS) dnideudnlngfiannznisemslyaiiuindifa (Cognitive Overload) esnindas
USushiuanmmnedeuresinduiitudounelddiludnfisitauazsnaune  dwaliAnnnuussum
wagUseansnmlunsindulaanas

2. winnssusyuuiiaansiseusiailoudsa (VR Learning Ecosystem)

Feelinaveunuinisuinnssuluguuuu "Pre-Simulator VR Integration” ¥ s unsounis

D X

Anausuieug s bitinseurnduly "fuiivaende’ (Safe-to-fail Space) Imaﬁamﬁﬂwmzéwﬁmﬁqﬁ
O Cockpit Familiarization: M3adsausnduiile (Muscle Memory) UM AR UNS 0]
wailou
O SOPs Mastery: ms‘c’]ﬂsﬁy’umauﬂﬁﬁ’ﬁmmgm%q AWNAANNTIWYNBUNTUTEIUIT
O Stress Management Module: ms$rassanmizanduly VR tieaianiiduiunisensuallss
Uniseu

VA v

O NNMsFUATIEITRYAaNTHUAWRIkAENTOUN WMo {IduleWaun  "Virtual

Y

o [

Immersive Learning Model (VILM)" Faifulumauinnssuduatudmsuusunnisulne

Tnelapaiisenaude 3 szazuay 3 Module ndnfifoslosfuoshadussuudsd

53087l 1 — Pre-Simulator Phase (feuidia3as FFS) Usznausme 3 Module léud

O Module 1: Cockpit Familiarization tni3sunsduagunsal VR iitetindsumauazmiing
vostuaindnniluiesinduaiiousds dadraswnanenmmeuildaidugsdunstulne
WU Airbus A350 %30 Boeing 787 TnQUszasAndnAoni1saind Muscle Memory wazan
Cognitive Load nauidn FFS

O Module 2: SOPs Mastery fni3erfindunouufifnuinnsg i (SOPs) 61 9 luanmundey

wilouasalngldinsusviliunadiinasoaniugnisin @319 Safe-to-fail Space TwtniSeu
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ausanenesiniauaziseuslaegndasy  ssuudely  Feedback  dwlud@viuiindsusiag
funou

O Module 3: Stress Inoculation Training $1asanIun1sainadu 1y wsanduluiesindu
meiaumelinadidn uagnsdoasiu ATC luanmundeuasionusss ileasagidudy
n9@151al (Emotional Resilience) Aaun15gnUsziiiugss

g9e#l 2 — Simulator Phase (M3iinlu FFS)

o lethiFousunasidusihvesnsiinlu VR asuis 3 Module wé Sadrgnistinlu FFs Tag
Flas FFS axgniaassllifunsiiniinustuganarnisussdiunassaununsiiniiugiu

szl 3 — Evaluation & Feedback Loop

0 ssuufinnmuenuivuesinGsussing VR way FFS Wieufuidlomnisiinlu VR loinss

frugndeunnululiazyuana @319 Personalized Leaming Pathway N@onARBIiuNInTEIY

SOPs ¥a1n150ulne

€3 THAI VILM =

VIRTUAL IMMERSIVE LEARNING MODEL
TuioamsiByuiaion

nAngmwiinfumsulny

PRE- SIMULATOR PHASE

(nammmsao FFS)

S:U:ﬁ 3
EVALUATION & ‘
FEEDBACK LOOP

sty:n 2
SIMULATOR PHASE

cocxmfmnumzmou (ms@Anlu FFS)

Andhrdweieahfisoojudidnng:
lu&awnwmm (A350/ Brsn
a3 Muscle Memory

20 Cogritive Load riousd FFS

N\
SOPs MASTERY
g— Anducouuiduanasziu (SOPs)
b 19 luammioodoualousss
a3 Safe-to-fall Space
J

O30y Feedback Soludariu

BomwuasSinsii
ANk
ssoyamsanly
VR ua: FFS

STRESS INOCULATION TRAINING
e ‘ (g) Swossonmsninodusasnidu suidor VR 3w Personalized
Annmsdodulsmuldoarivia . , TRasvgadou Learning Pathway
waemsdomsfiu ATC 895luv FFS oA Wulnring:Rdovdann avondoofiu SOPs
adwglduiumoeorsuni Qmﬁuuaeiws’msﬁuusﬁuﬁasv SUWIIWRIRD oo tnaspumsiulng

(Emotional Resikence)

() WaundnemwiinOuogwdottion

gnaspuanulasaniuszduana

€3 THAI

COMMITTED TO EXCELLENCE
IN AVIATION TRAINING

A1l 5 Virtual Immersive Learning Model (VILM)

fin; a%ﬁﬂmaﬁmmwﬂizawﬁmmﬁwﬁwaaéﬁ%’s} OpenAl. (2569). https://chat.openai.com
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3. Uawauslusdgnsmansdmiunisiulne
HANNSANITIATILIN N5uuinnssu VR anldazneiauselevdlinistulnedeil
O ansns1N1s Washout: lnenisiiiuaiuniouiazanusiula (Self-efficacy) vosiniSaunau

Whgtumaunisusziduings

'
a

O iinUsgAnsnmauu (Cost Efficiency): andnuiudaluansdeslsluases FFS dwmsunisin

1%
=

fugnu uanBeululddmsunmstinitnugdugeuny
o $nwnnnsgiuanuvasnde: aieinduifiaussauzgauaziinnusiuamisinla aenadosiu
WNTPIWENAkazN AN BalanensTusEAUNS ey
ATeiBusu waluled VR ldldfiesgunsaiiedy widuuinnssudenagns Adududmiy
nstulnelumsysuasuguuuumsndatniSeunstulidiieonunfulinduiidussans imuagiiu

sonswdsuniasvesgaannnssulul 2026 nawiunisusmsdnns "Jadeuyud” (Human Factors) lu

[ =

d1Aty WeadaaudsBuliiuninensyaratauInsgILANUaen UgIEATeteIANT

aAUs8eNan13IY

PNMIANBIUALLNAUBLUININTYTINTUIANTT VR dmduiiniGeunsty vsen nsdu
e $9%0 () §Aeisaduddylumsofumenadsil

1. m3ananmzansemelyguasmanseuninuniounieinee

o v 1% [

a5 ISeT LU TnTsL VR thean "99719UMIALT Y IneensiitedAy dennass
naufn1seneteyan (Cognitive Load Theory) 484 Sweller (1988) FaosurgmsiitniFeulstineuso
VR ludunou Cockpit Familiarization way SOPs mastery fautiu unistiednszdoudeyaiugli
\ihgmnudiszezenneudieies Simulator 93¢ dswalitiniFsunstuananngmsfutoyaiAudadie
(Cognitive Overload) Wedpundafvaniunisaisiaesfidudenluades FFS 93¢ Johnson & Lee, 2025)

2. MIVIMIIANTANUATEALELAINATIAINNTYNARBDN (Washout)

Ussfiufihaulafe VR v "uiivaends’ (Safeto-fail Space) dsaenndasiunuiin
SesmuinisanazUsEans N1y (Yerkes-Dodson Law) IasuianssuiivaglitniSeuanunse
Ansllusziuaumudnivanzay (Optimal Arousal) mslel "aesiinaesgn” Tulaniaileurivanainy

1938911159 Washout wsemsiuanmdniseuaslta (Wilson, 2024) @sn1susmsauiasenidma
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lngnsetomaiiia anuesiulunules (Self-efficacy) muuulfaves Kolb (1984) Muinn1siseuian
UsraunsalnssasdreligiseunddndulauagSulofuanunmsalingalanau
3. MIensEAvaNTIauzLazaulaendelusseve

A5eAUs1eNaTLIRYIANNUADANINUIT NMTAAANNUTEUINLAEAIUAUATEAUNHIULIANT T

a

VR @onnaediuninfinues Reason (2024) wignfunislesiu anudanainaintdadeayued (Human
Error) laemse WathiFeulimnudiungludunauinggiy (SOPs) wumsininassie VR auedds
anunsausmsdnnmsnswennstuldluns "Sudaniunisel” (Situational Awareness) lonnTu Fudurila

o 1Y

diuasnudasadelunmstuiinsdulneliawddnygean (Alvarez & Davis, 2025)

4. ANaRRAFRIiULYILNLENAMNTTIAINS

Asfidumuannsinuinssaniaensufuaifines Roberts (2026) finuansnsdudutinsesiy
T,aﬂL’%M‘U%"ULUﬁaugUqumsﬂﬂammjssw Digital Training Ecosystem zjmiﬁwLﬁuaLmequfﬁmssuﬁ
dwiunstulnedslildfissnmniumalladunld widunsinmunesguanaiidesnisusyansam
gsmelddunuiiuimnsdnnislél (Cost Efficiency) uazns $nwiymaains (Human Capital Retention) #i3
Al iuesdnsléunndian

uinnssu VR Athiaueidu "gauden’ Game Changer) dwsumswantinduvesnmsdulne lag

Y]

nsldmaluladundudandonlossyninginuaffiduas (Mental State) waz Vinwsn1sUURNLIUEN

(Technical Skill) &e3zvinlignsinsgnaneen (Washout) anas wazlaundundaussaugnoudmsu

geannssunsiulusunan

performance Summary

Fiight Path

AN 6 NMsUsEIUNanaINTISEnmemAlulagnIuaswalau

1 a a1l YyaUssRvgaudaveide. OpenAl. (2569). https://chat.openal.
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JDLEUBLUZIINGIUATY

nsunauelassuigudulinistulvedidinainnsiduiissdldnunalulad lugnsdu

[

"Huiuuinnssumandnindu’ lddeyauasndngiun1aizinis (Evidence-based Training) 1ndudia

' '
v A =2 1

Jundau Feagdiwmannsluaunindnualbusuanistulng AuANAIM19EIAY LazNINIFINAIIY

U ¥

Uaaasdeseiuana Jelausuurn1sineusuiniseun1stumeuinnssy VR vesn1siulne LL‘le‘i'e]'E]ﬂL‘fJu 2

e

dunaneail

1. Yorausuugiitensiluldauais (Recommendations)

O JaauauusieuleunguaruIufUR (Policy and Practical Recommendations)

15903 "VR Learning Lab" nneluguelneusy usdn n1sdulve asinnsandadiufinnsy
dmsunisiingae VR iteliinideuaunsadndenisiln Cockpit Familiarization leegududase (Self-
paced Learning) vaztazanmunasuiiefondnaios Simulator 93¢ wasidumsasisanmuindoui
BerenaFeuiuvudumarldluiiuiivaonsy (Safe-to-fail space)

o nsysanmamalulad VR indudunivemdngesuinsgiu

msinsimuadlasnsiingae VR egsdnauluszes "Pre-Simulator Phase” Tngrimunlidy
Houlvrounisdiinluwedos FES iieliuladninGouynaudamiuusiuglutuneu SOPs fiugmu Feay
FrgannuivanonsUssiiuwazgnAnesn (Washout) liegradugusssy

o mstamienn (Content) Mlameianzasiugsdurasnisiulne

u*'.fmﬂiﬁmﬁaxLﬁmﬂizﬁw%quaqmmﬂﬁmiﬁﬁaaaam‘wLLméJauLLaz%umaumiﬂﬁﬁamumﬂu
fauazaveanisOulne 1wu Airbus A350 we Boeing 787 Taudanisiasadumanistuuazaunudud
HugrmufiRnaudn ilefiunnudueadeiuillisuingeumsdu (Spatial Familiarization)

2. Taauauuzdmiunsidelusuian (Future Research Recommendations)

0 msfnwifaliinmuuassadugys (Quantitative Assessment)

Tuoweaidesinsiumalulad VR 11493 mstimeinidedetmaniiewIouiounanziuy
nsUszAlULAESRIINT Washout seminanganini3suiiléfunisilndae VR uaznguitli3snisiinuuy
Fady iefuiulsyAnsnmuosutansauludada

O MSANYIATL Mixed Reality (MR) wagnsilnnnsvianwuduiin (CRM)
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msve1eveulnidelugnisldmalulad Mixed Reality iamnsanaunatun1sduiagunsal
P3adfunmaiiou WeAnwimansenurnen1sineusy Crew Resource Management (CRM) #3013
eunuiuseniiudusasdntudviglulaniaiiou

O MIANYINANIENUITITE MR IRIUGTINANUUABASY (Safety Culture)

[y

Asiinsidefnnunaletnieunguidunisiindreuinnssy VR Anlududndudszdinis

ilegimsaiagiduiuniiesuaiuaznisananua3saludiasudu denanen1ssnysnasguaIy
Uasnsdeaznginssunisinnisdulussezsenegnsls
Ua9NAYBIN1TIY
winnsfinnifasiauensouunfnuianssuiiferundululdBmguiuandaufon wifidee
ssydediinfidrdnyuosmsdnumilinwiolud
Usgnsuan naudegndvwinidn (8 vin) uazdninegianizyrainsvesuign mstulve drin
(um9) ity ﬁﬂﬁuwamsﬁmsnmmiﬂmmsaﬁﬂﬂagﬂé’wSa (Generalize) fiuanemsdudunioanntu
Aneusumstuduluviunvesdsemalnevieluseiugfiniald
Uszmsiiges msfnwridumswauinseuwnfauianssy (Conceptual Framework) 1agga
Tailéfinnsuhdunuuszuu VR (VR Prototype) a3aumageuiiutinideunsdu suiudszansamueduiaa
VILM fithiauedsnafasldsunsigaiususiiumsifodmanes (Experimental Research) Tusustoly
Usznisfiany suideuitidedaguannilldiiunsasiounuesnazUszaunisaidiuyanavos

Ya o

Alvideya Fae1atiend (Bias) NUsrauMsalanizyuana (Subjectivity) uif3deagaiuns Member

Y

(%
o w A

Checking tieandasniniudiiniu
Usensnd vsunaungranenisiuuaznssusesnnsgiu VR dmsunisilineusunisiudsey
Tug9Waul Tan1nunved CAAT WaZUIATFIUAING LU EASA 913iin15UasulUasdsdanananing

Wululalunisihnseuwndeildldassdusunen

LONE1591994

nsOulve $10 @), (2567). Neauanudiulsyind 2566, Fudude 19 wWwieu 2569, 990
https://www.thaiairways.com/en/about_thai/company profile/ sustainability.page

gudilnousumsulng. (2569). msnansiineusuuarvdngmsUss1d 2569. duduiile 19 wwneu
2569, 910 https://www.tft.co.th/
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Guidelines for Developing General Aviation in Thailand

Nopparat Porntong!”, Jamnong Romkaew?
Northern Aviation Consultancy and Services Co., Ltd*

Northern Aviation Association?

Abstract

Current Situation: The aviation industry in Thailand is predominantly focused on
commercial aviation under Air Operator Certificate (AOC) holders, whereas General Aviation (GA)
accounts for a minor share and exhibits slow growth compared to developed nations. This study,
titled “Guidelines for Developing General Aviation in Thailand,” aims to examine the current state,
challenges, and obstacles to formulate development pathways for Thailand's GA sector.

A qualitative research methodology was employed, comprising:

+ An analysis of relevant laws and regulations governing General Aviation.
« In-depth interviews with 5 experts and regulators from the Civil Aviation Authority
of Thailand (CAAT) specializing in the GA development sector.
* In-depth interviews with 5 private light aircraft owners and representatives from
5 general aviation associations in Thailand (selected from a total of 49 associations), divided
geographically into:
1. Northern region: 2 associations
2. Central region: 2 associations
3. Southern region: 1 association

The findings reveal that General Aviation in Thailand is heavily constrained by stringent
regulations that are on par with standard commercial aircraft, as well as high fees for inspections
and various licensing certifications. Furthermore, there is a lack of adequate infrastructure and
government support. Nevertheless, the study suggests that with policy-driven development—

such as promoting and upgrading temporary take-off and landing areas into private airfields,
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alongside fostering aviation personnel—the potential of Thailand's general aviation industry can

be significantly enhanced.

Keywords: General Aviation, Aviation Industry Development, Aviation Policy

Corresponding Author: Email: nopparat2434d@gmail.com
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Implementation of DG AUTO CHECK System for Dangerous Goods Acceptance at

Thai Airways International Cargo Warehouse

Phakphum Phanratana*
Aviation Personnel Development Institute, Kasem Bundit University

...................................................................................................................................................

Abstract

This academic article aims to examine and analyze the implementation of the DG AUTO
CHECK (Dangerous Goods Auto Check) system in the dangerous goods (DG) acceptance process
at Thai Airways International cargo warehouse. The system represents a significant innovation to
enhance safety standards and operational efficiency. The methodology employs a Systematic
Literature Review and Documentary Analysis, evaluating academic databases and aviation industry
reports published between 2010 and 2025. The study found that the system considerably reduces
document and label verification time from 15-25 minutes to 5-8 minutes per shipment. It also
minimizes human error in dangerous goods inspection from 3.2% to 0.49%), aligning with the
International Air Transport Association Dangerous Goods Regulations (IATA DGR) and International
Civil Aviation Organization (ICAO) standards, thereby increasing customer and logistics service
provider confidence. Results indicate that applying digital technology to DG acceptance processes

is highly effective and should be expanded to other airline cargo facilities.

Keywords: Dangerous Goods, DG AUTO CHECK, Air Cargo Warehouse Management,

Aviation Safety, Digital Transformation in Aviation

*Corresponding Author: Email: phakphum.phan@gmail.com
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azanld esmnmnifaauadlutuneunisamadeuienansdiung (Shipper's Declaration) awska

[ (%

nsznuidugnle (Bullwhip Effect) siarfuuaiiannistu (Flisht Schedule) Youflerduiiug aun

5.2 uuaAansiasurugenfdvialugnavnssunisdy (Digital Transformation in

Aviation Industry)

aa o

nsAesus1ugyafdvia (Digital Transformation) nunede Asdunaluladaisaumeuag
winnssuAdaunusuldlunnaiadiuvesesdnsiialudsundainszuiunisinuuazdaeuyanln
lifiugnen (Westerman et al., 2014) dwsugnamnssunstukaznisinnisladafindniseinia ns
wWaswiuildldddnegiiswanisivdsuainenaisnseavunduienaisdidnvsedind (Paperless)
Widu wasiudanisuiuusanszuauntsiauliidudalwl® (Process Automation) tieannisfiany
& a I o . .
NUBHLAZINNAULLUET (Automation-driven Accuracy)

Jawandn uazauz (2567) Anwuwiminsuisuszuuladafndnisduvedng wasnuinniu

v a

MN8EIAYVDIAGIAUAIDINIALIUAD "ABVINAIULENATT" (Document Bottleneck) ¥9n150uULAG O

% ]

83N UgseUUATa (Digitalization) 1y n1sldszuunsdanisteyasiuiu viemsidsur1udng

Y

walulagurslanuag OCR (Optical Character Recognition) 288 LTAAMUAILNITANITUYITUVOIN

[ a N o [

anmaguluszAuginialaeg1aideddy

o
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donAdoefuIuiseans Scholz and Mayer (2021) A% 1R w3 1sEUUA1STANTS UL LAY
(Legacy Systems) Iumimaﬁuﬁué’wé’umwaﬁwa‘”ﬂgmmuﬁé’wLLmﬁm "Smart Cargo Warehouse" 1y
N1sWaUsEuUsalugd@ 19U DG AUTO CHECK 101iug1udeyanatauesdsnaldudIni1ae1n1Aseniig
Uszina (IATA) e“z'iﬂmsmé'lawhugﬂLLUUﬁﬁaaamséﬁ’uszwmi%’ﬂmimmﬂaaﬂﬁa (Safety Management
System: SMS) mmauﬁﬁummﬁlwé’uﬁmLm (Reactive Approach) Tinaneifunistesiunazuseidiu
mwm?ilsm%ﬁﬂ (Proactive and Predictive Approach) ‘U'aaammmL%immﬂmiﬁauﬁwé’umﬁaﬁlaigﬂé}’m
ygnzentuluvoNFeldogeTszAvsam

5.3. JenuuazUssNuaIduAIsunse

#ufdunse (Dangerous Goods) Munefls AweweansfienaneliAndunesoaunin Ay
Uaensiy ningau veduinden mudadsemsiitmualilu IATA DGR defuusadulsedr nnd Tae

wUsoan iy 9 Usennvidn (IATA, 2024 Fauanalunisei 1)

M19199 1: M3 UUNUTLANAUATURTIEAINNRTTILEINS (T USTUUT9RIn IATA

Dangerous Goods Regulations, 2024, %11 45)

Class UszLNnauA1dunse fn08198UAT
1 Ingszida (Explosives) monkilln, nszaulu
2 % (Gases) 998NTLAU, WAL
3 vouunarhali (Flammable Liquids) iy, woanesed
4 vaudshilyl (Flammable Solids) 13l fugdu
5 a1590ndlad (Oxidizing Substances) lalpsaulosoanlun
6 ansfiwuazansinde (Toxic & Infectious) YNGLAAN, FIBENTINN
7 Yanfudunsed (Radioactive Material) aslelglnunienmsunng
8 a13nAN3aU (Corrosives) ﬂiﬂLLUG]LGYeﬁI, Tl
9 FuAsunseidawman (Miscellaneous) wummeSaY, ulwan

5.4 ngszilguning1taiuiuA1IdUATIENI9RINTA
nsvudsdumunsienenregneldinsaungselevainaiidAgy lawn ICAO Annex 18 &3

MruANINsgINANUaandeduiugIu (ICAO, 2023) uag IATA DGR Faiiunveesiuazidenly 13
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a wva

UJUR (IATA, 2024) dwisulszmalngegniglanisiiuguavesdninnunmsiunaiseuus Ussmalng
(Civil Aviation Authority of Thailand, 2566)

YenanilszuUn1sTAntsAuUasasty (Safety Management System: SMS) 584131011511
wielulafinltandeianainiefuiaduddylunsananudeadssn (Scholz & Mayer, 2021)

5.5 malulagfdanauazn159nn1sAAIAUAIDINABIY

AT Gu et al. (2010) nuinnsiszuusalutRuldluadduianunsadinuszansam
Tneulansiovay 40

Uzl Boysen et al. (2019) Suduinnisidimaluladnisansisnasediauas (Optical Character

a [y

Recognition: OCR) kagsyuufaviatieanteiinnainlunsssutemivauilnegraditddny

aenAdeatuLuIAnNIUABUN1UEAVaYes Scholz & Mayer(2021) ifnwIn158nn3AUA
Funsslundadudie1nAeuLarnull SsUUATIIdeusIludRvlivauwiuglunisnsivaey
LONATAWAITUA18UATI8YB Y @9FUA 1 (Shipper's Declaration for Dangerous Goods: SDDG) L#l

UINNIINITATIVNLAIUAUYE

6. 5¥UU DG AUTO CHECK: LU2RALAZNITIBNLUUNTZUIUNTS

6.1 AMNIINYBIIZUU DG AUTO CHECK

53UV DG AUTO CHECK \fuszuusmiasaududndunsednludaiiwamtulasauauaudems
91 AsEInaUsina (IATA) sanumaluladniseuuisldn nsandideniiusie OCR uagmaidonse
gutoyangseideu IATA DGR wuuisealngd (IATA, 2024)

6.2 druusznaunanvasszuu 4 luga

1. lugans23dauLandns (Document Verification Module): #51980UAUYNH BIVDY
LoN&1s SDDG waglums1asduamige1nia (Air Waybill: AWB)

2. lugansaaaauldeniiv (Label Verification Module): ldinalulagnisuszuiananin
(Computer Vision) As3aaeulngifiouduns g uuusgsioe

3. Iu@amiaaaauussqﬁm% (Packaging Compliance Module): #573@0UAMNADANRDITDY
U530 UANEIN15U55 (Packing Instructions)

4. Tugauduaaunarse9u (Alert & Reporting Module): 88n31891UNaN130TI9dBULY

FULUUAIYA
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6.3 NSEUMIINIY 6 Tunay

Sumeuii 1 nifneusvaudaunuusidnun AWB efsleyadudidgszuy

Funaud 2 s¥UUAtUaya UN Number Uag Proper Shipping Name 31ng1udaya
IATA DGR Lilefvuadarvuaildifsiy

Sunaudl 3 nilnawaunuriedieam SDDG wagssuusiumsnsanaeuifoming
OCR

Tunaud 4 seuunTRaeulemivuuuIIiulaesnlulds Weudusenisie
Afufifimun

Sumauii 5 SEUUUTEINARALaTLAAMan13n5I9aeulugULUY Checklist wiau
01Uy Pass/Fail

Funaud 6 syuutufinanisnsaedeuLazeon Acceptance Certificate #3oua4

Ao UlALA LY

7. MsaAsziLaziUssuiisulssandnanaunazudsnisunssuvanly
NNTTIUTINTOYATIUTEINUALTIEUNTUTLIURA TFUUVRIANIANYUAINDINIATEN I
Useine (IATA, 2024) sruiusieaulsedrdvesnisdulng (Thai Airways International, 2566) @1158

duasernasiUSouiisulsyansnnlanawandlunisnen 2

M13199 2: MIUTeUEUUsEEANSAMNTEUINMITUANABUATIY (W fuas1endeyaain

Thai Airways International, 2566 wag IATA, 2024)

. - naulszuuInty (Manual nasszuLnly (DG AUTO
ann1sUIEIU

Check) CHECK)
FLYLLIAINTIVFOUAD . .

15-25 w1l 5-8 U7
Shipment
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uAnIsUsIEY

AouLszuuanlY (Manual
Check)

wainszuvanly (DG AUTO
CHECK)

NI VBRANAN

(Human Error)

Saway 3.2 (Uszu1dnisannans

LAL)

Y

Soway 0.4 (Vuiinainszuudava)

(Audit Trail)

gagnuazldiiaiuiu

nsNawIUsEAUNITAl e d U1unans (szuutieindulani
gann (@asldfiveivaaniy) ,

yaansg bNEUN)

LY < v

NMSAANUVBYANS v e
wNA1INTEANY (Physical Paper) || §1uvayanavia (Cloud/Server)

A373EU

N13MIEBUHIUNAY

yleiuiitusEUUEUAUY

ANUFINARDINU

I
ng ey

1%

Juagfiumsduinnvesunna

SEUUBUMALNUTIANY IATA DGR

DRLULTR

IINNIFIATIERTUATTN 2 WU SeuvansaaniainsufiRnuatiauinninfosas 60 uay

andnsUeRanaInatedusiuletn FenadnstaennassiuluiAnuas Boysen et al. (2019) fisgy 3113

9

WasuK1UNTzUIUN15aTa@aulund duaTiidunfiased18an N1 52UNIINIgAINLAE LRNADNY

wugluszuuauUasnneladaning

8. UadauwisarudnFauasdadninlunisussandld

8.1 Uadauneninudnsa

nsatvayuanguImskazauniaunianalulad: nsamulussuulaseaiieiiugiuleiinge

Y

FONNSITDUADIEUVUTUITIANITATIAUAT (Warehouse Management System: WMS) (Thai Airways

International, 2566)

msfineusuypansegraluszuu: nsuuldswinye (Reskilling) veentinaulvauise

PNUSIWAUTEUUDR LR leag19TiusEaNS A
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8.2 dadnfinuazadnuintnig

8.1 Arwwsiugrvaamalulad OCR: lenansiitinaunmivseansilodoudinuiuguassad
Fodldniinauaiaaous (Human-in-the-loop)

8.2 Aunuuaznsungeinen: daldanelunisuiuugsgudeyaliaensuiuderimun IATA DGR

Muasuwlamnt swiemiudssnnssuuniediedntas (Scholz & Mayer, 2021)

9. afAusIIHNaNISANY

msfnwuazduaszideyauantliiiuinseuu DG AUTO CHECK @11n308nseAunszuIuns
Sudumounsievesaasdunnisiulnelaegiituddny nanisdnwilusumsanalilazantoianain
aenndesaEdaiunuiToes Scholz & Mayer (2021) Aiszyinisldszuudnnisuddunsiouuy
AIviatisanadsslussuuAmLUanfsnsiu

wenanl MsandeRianainan Sevay 3.2 wdesesar 0.4 Sududsdudunuifaues Boysen et
al. (2019) Feafumsidinelulad OCR WennunumshauLuUs LAY

oeslsfinu dodrfndruniseuenansfilddnaudliifuissusalugflutogiudliannse
mmmumuwﬂﬁﬁwm widunsvhaunutuiiedsuadeanulaende (Safety Syneray) ANUNINTFIU

ICAO (2023)

10. datauauuzLaztUImMINITNAILI U UIAN

10.1 datsusnuziion s lUURUR (Practical Recommendations)

1. ATYTAUINIFTIZUY e-AWB LingULuL: msidosioszuuiindussuulunsdsdudma o1ne
Sudnnsnting (e-AWB) iiloRstoyanssandasdud andunounisaunuenansnszaty

2. nsWaLaUnAA FudmTuniina1un1aity (Mobile App Integration): ¥g18AAA7M
anunsaliminuedduiaiunsaasivaeuthemiuriiugunsalnnm s gedaiududn laviud

10.2 darauanuzdmsunisAnendvglusunan (Future Research Recommendations)

1. asins@nwIdeiBeUsuna (Quantitative Research) lnetfiudoyaialszdndainnisldanud
ssluadsduivadlveduszoznat 1-2 U ilolinsgianuduandasdiunu (Cost-Benefit Analysis)

2. psfnwwuImamstssuulyguseivg (Artificial Intelligence: Al 119ieifisAn waiugh

(%

TunsnsasuussanunndnsaLdemesIuiusEUU DG AUTO CHECK

9 9
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11. unagd
A158158UU DG AUTO CHECK unldluadadusinisdulneg usdiag19n9nauveinisiin

laa o

wialulagunduiafisunisdsuniug Advia (Digital Transformation) Tugaainnssun1sdu wiiaed
Jadniasuduulazn1susuiivesyaainsluszesusn wakaansauauUasnisLazaIusIng?
azviouliiuinszuuiifinnuduauazdiendniulindduilnednguinsgiuainaniunaeiaes IATA

way ICAO pgn98s8iu

LONAN194

Tawuawdn, w, otfummud, &, & 53803, 5. (2567). MIABUrUgRTavesszuLladafnd
vhomaslulsemealveiiiesesfunafugudnarsnstugiinnea. nsasivnsmalulad
wazwinnssuladasing, 6(1), 45-58.

Svina A32930, alfgwa navwndy, & 157 UWAS. (2565). DadefinasieUsAvsamnsu o
lupdedumeonagu: nstlfnwaniivudsduinseiniaineIniAeIuaIsTagil. 915813
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ANS89USUNNEIANLAZ LUIUTEUTETUNISTULARDULTBIWAIDIN AL ULUUEEU:

UNAMUNUNIUITTUNTTUTIUTELAY

[ 14 Qv g a s a a 2
1390 nanlyAde!” ushvg Anslyna
ao1duRAINIYAaININITTN WnInendeineududin

1Un3vIN3dase Augnamvnssanisin?
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UNANED

gnanunssunsludaesfedounsyanandulosar 2.8 veslan nMaAsuriugileinasenne
pruuuUS By (SAF) Fadunuimeiiivssans nmgeanlussosdunagszornans ileysg manenis
Uaeefwsaunsyanavsilugud (Net Zero 2050) uiniamaila SAF agtisanaisuauliganisiasay
80 LwimisffuLﬂ?{aué’faLm%ﬁyqﬂaﬁﬂﬁﬁ@mﬂﬂawuiﬂaamﬂﬁaqﬁusuaquismml,axﬂgixLﬁ&JUELuLLm'ax
afina Tngannmglsuitiusnasmstafulidaaunan SAF vaugfanizeuinlduumsadaslanugiv
anSuszloviniin® duginiaededadanuvainuats visUszmas udsdulduds iy dealus
dmfuuszmalnglddnvinlsaununeldunu AEDP iiteliansusslovinsnisSunazeniiunsuny

'
1 a ¥ o v v a )

aau 1 MaEulnves SAF fdadedninausununnanigeanitudurleada 2-4 wih USinaguniu

q
'

wagingAvTanaiiatn nuiviruafvesdlasasuaiiformnyiuiazsensusslovisudunndes
uAszduaumsznindiuarliiiulafiazdialasansiifiudy venaini nisvenedaves SAF il
arudaudadalsunedudmndennnnisliifuievgniitndinu fufy msvrussaudmanesiu
nseunald Sududioserdumeysanmsiaismuaunaszrinsuinnssamamelulad 1nnsnisge

Tagsulevney wazausiuilanaanuseaunulusyauaina

v

ANENALY: LWOLNAIDINIABIULUUEIEY, WleUIen1STULAGDY, NT8BNTUNINEIAN, ANTALEN
WWauleuey

*HUseiusUTIUAY BIUA: rewat.gar@kbu.ac.th
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Social Acceptance and Policy Framework for Sustainable Aviation Fuel (SAF):

A Thematic Review

Rawat Garchotechai'”, Norrasith Sithichok?
Aviation Personnel Development Institute, Kasem Bundit University!”
Aviation Industry Professional?

Abstract

The aviation industry accounts for 2.8% of global greenhouse gas emissions. Sustainable
Aviation Fuel (SAF) has emerged as the most viable short-to-medium-term solution to achieve
the Net Zero 2050 target. Although SAF can technically reduce carbon emissions by up to 80%,
its global deployment is hindered by fragmented regional regulations. The European Union
enforces strict SAF blending mandates, whereas the United States relies on tax incentives and
voluntary opt-in schemes. In Asia, policy approaches vary, with Singapore pioneering concrete
mandates and Thailand establishing a roadmap under its Alternative Energy Development Plan
(AEDP) to offer fiscal incentives and tax exemptions for investors. However, scaling up SAF faces
significant economic and structural barriers, including high production costs that are 2 to 4 times
more expensive than conventional jet A-1 fuel, limited biomass feedstock supplies, and policy
conflicts regarding land use and deforestation risks. Furthermore, while airline passengers and
aviation experts recognize the environmental benefits, public awareness remains low, and there
is a pronounced unwillingness to pay higher airfares. To achieve the carbon-neutral goal, an
integrated approach that balances technological innovation, policy incentives, and global multi-

stakeholder collaboration is urgently required.

Keywords: Sustainable Aviation Fuel, Policy Instrument, Social Acceptance, Policy

Conflicts*Corresponding Author: Email: rewat.gar@kbu.ac.th
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anutunwazauaAgy sl
ANENIIUNMTTEMINTFUIaITInsWaBULasEn M o na (IPCC) noaulseiiuanuniss]
anmigfionia mnuAundweslsuiensusanuansgnunsasuulasaningfennetudoud
A.6.2014 Huguun Mgamgilanduuiliugafuninnamiingad 1.5 ssmisaifsa gravnssunisou
dunadiunisiiduanmenisudesfedeunsyangtuussenialaniudadiu 2.8 % witlagiuasd
aranengwlunsiaumeluladiadosdundanulnihvidolelasnau uimaluladimardfeddsvozion
Snmanenmssslunsiauietuldludindsdedadusuuuy fufu @omasemeanuudsdu
(Sustainable Aviation Fuel: SAF) G?JéaLi‘JuLS?iuaLwﬁammﬂmuﬁ'mammfmqaummmmgmmmé’aﬁumu
1A59715 CORSIA (Carbon Offsetting and Reduction Scheme) 78483AN15N150UNALSOUIEWINIUTZLNA
(Intemnational Civil Aviation Organization- ICAO) Wuuuamnsiidusedls fiuszansningegalussordy
feszoznans ieduindeugnanvnssunsiulugidmnensdesfimsounszangnsiduaud (Net
Zero 2050) pudemnasszduanairiunsiuseninssme fnsdmumilouns dudwaoiieas

dianisuaesiwansueuaniidugud nelul a.m.2050 (W./.2593)

L%

ngUsTeeA

UNATINIATIZMTIUTEG (Thematic Review) Tnsiaviunedisil:

A =

1. wiesfnyimssiazSeuiisusnuleuissudang sedeutatafu

D

]

2. iedsazUsEliuseRuaunsEniing ieuad waznisgausunediny wag

'
=

3. WEASIZNTRINA AUTALIWTIUTEUNY

uwuAn Nl wazlenanseuideiiieadas
winadnemansuaieanssuaansaunsaiigalain SAF umelulavaunuuuunieuld
(Drop-in fuel) Aaganasueuligeanisfosas 80 uinsiasurignsly saF Lildfuisadesves
nszvaumamaeiinienalnedotudivhiy uidulandddennududouluiemedasiaimaleue
nsveufumedeay uasnansenuilsruuiiAntutuniadausing 4 esn SAF dfunuiiganinii
Woadauuudsin Uet A-1) Ussanm 26 1da Fsazdenansznusesiaailagans suduniszues

Hinga1s nneuTuian1sHanuazauaean1shd SAF ialanduTuauasdadiudiuiudesiile
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Wisuiguduinduluuneadakuunwil aasndudadiianisaiunguunetass 1uulauislulsias
pilnalunstuedeugeindenisiunuudagu
Usgmausnsuulenisuazmandnduresniaiy doideimaserniasuuuudsdu Tuannmelsy

Y Y W

WutaysAy ReFuelEU 1778 "miaiﬂwmmmmzmaiuﬂﬁLLsuqsuu‘mme&mmamisuuaqwmm@m
8" (European Commission, 2023) Yagusvasdndnuasngindeuiifonisydlaligliuimsarsnis
Suifiunsld SAF iieafeanudsunagmaivlaluszerenvesgsianstudifen wiousfnun
daduves SAF ludiunanveademdsiidoufviuben 4 aunguusiuiasgiuaudsduiidune
ngseidsuilijsdaaiunadafuuiimnisld SAF famuneaadnaienistusie 4 Sudufesinass
sutszanumnsduresauludy SAF 11ndu \igaduiliiunisesnainanninglsy (EU-departing
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woaBauuudaiu Uet A-1) lignastnevdeusuusiosndln (Wu et al, 2025) Wlswesuleviefuidomas
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Ananmlunisanasveusiunsidomdmiaden bHUUATEUARNAWINTNTIINNITRUE MY
AaaulunTEUIUNTHER SAF, NsenLTuA8dmSuLHEnTamaTInm (Bio-based fuel) (F3ne g
UYufiey, 2025)
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oil) AfiUsinaiinaunau dumalulefiudeulninduvesvias (Power-to-liquid) Sseglutunnasiuas
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flsmunsamna mMsvaeansua (Offsetting) Wuwisaadesdlofiveliasnistuausananinan
uaule logiilildannisudesuafivaislun1sufjud ( Dale et al.2025) mnailiiuiueudungsadeu
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Abstract

The aviation industry is experiencing an unprecedented transformation driven by digital
innovation, increasing passenger expectations, operational complexity, and sustainability
imperatives. While on-time performance (OTP) has traditionally been regarded as a key
operational indicator, its strategic contribution to service excellence and competitive advantage
remains insufficiently explored. This paper aims to study an integrated strategic framework
explaining how improvements in airline operational excellence, supported by digital
transformation and collaborative decision-making, enhance OTP and ultimately improve service

excellence across the airline industry for the future research.

Keywords: On-Time Performance (OTP), Service Excellence, Operational Reliability,

Operational Resilience
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Introduction and Background

The global airline industry has evolved into one of the most interconnected and
operationally complex service systems in the world. Airlines today operate within an ecosystem
characterized by rapidly increasing passenger demand, extensive global connectivity, complex
hub-and-spoke networks, stringent safety regulations, environmental sustainability commitments,
and growing expectations for seamless travel experiences. Following the recovery of global air
transportation after the COVID-19 pandemic, airlines have faced unprecedented challenges in
restoring operational reliability while simultaneously improving service quality and organizational
resilience (ICAO, 2023; IATA, 2024).

Within this context, On-Time Performance (OTP) has become one of the most critical
indicators of airline operational effectiveness. Traditionally, OTP has been viewed as a measure
of punctuality, typically defined as the proportion of flights departing or arriving within a specified
delay threshold, commonly fifteen minutes after the scheduled time (EUROCONTROL, 2023).
Although this operational indicator has long been used to evaluate scheduling efficiency, aircraft
utilization, and network performance, contemporary airline management increasingly recognizes
that OTP represents a strategic organizational capability with profound implications for customer
satisfaction, operational resilience, financial performance, and long-term competitiveness (Cook
et al., 2012; Belobaba et al., 2016).

In today's passenger-centric aviation market, punctuality directly influences travelers'
perceptions of reliability and service quality. Flight delays not only disrupt passenger itineraries
but also generate cascading operational consequences, including missed connections, crew
displacement, gate conflicts, aircraft rotation inefficiencies, baggage delays, and increased
operational costs. More importantly, persistent delays negatively influence passengers' emotional
responses, trust, and loyalty toward airlines, thereby diminishing perceived service excellence

(Tsai et al., 2020; Chonsalasin et al., 2021).
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The aviation industry is simultaneously undergoing a significant digital transformation.
Emerging technologies—including artificial intelligence (Al), machine learning, predictive analytics,
Internet of Things (loT), digital twins, cloud-based operational control systems, and Airport
Collaborative Decision-Making (A-CDM)—have fundamentally reshaped how airlines manage
operational disruptions and optimize real-time decision-making (ICAO, 2022; EUROCONTROL,
2021). These innovations enable proactive delay prediction, dynamic resource allocation,
predictive maintenance, intelligent crew scheduling, and collaborative operational planning
among airlines, airports, ground handling organizations, and air navigation service providers.
Consequently, operational excellence is increasingly achieved not solely through internal
efficiency improvements but also through ecosystem-wide digital collaboration.

Despite these technological advancements, much of the existing academic literature
continues to examine airline operational performance and service quality as separate research
domains. Operational studies predominantly focus on delay prediction, network optimization,
aircraft scheduling, and airport capacity management, whereas service management research
primarily investigates passenger satisfaction, service quality, customer loyalty, and behavioral
intentions. This separation has limited theoretical understanding of how operational excellence
translates into customer-perceived service excellence.

Furthermore, previous OTP studies generally conceptualize punctuality as an operational
performance outcome rather than as a strategic organizational capability. Such an operational
perspective underestimates the broader strategic value of OTP in creating customer trust,
strengthening airline brand reputation, enhancing operational resilience, and supporting
sustainable competitive advantage. Given the increasing complexity of airline operations and the
digitalization of aviation services, a more integrated perspective is required to explain the
multidimensional relationships among operational performance, digital technologies,
organizational capabilities, and customer experience.

Accordingly, this paper argues that airline operational excellence should no longer be
evaluated solely through traditional efficiency metrics but should instead be understood as an

integrated capability that creates value for both airlines and passengers. On-Time Performance
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represents the critical bridge connecting operational processes with customer perceptions of

service excellence. Improvements in punctuality therefore generate benefits extending beyond

operational efficiency, contributing directly to passenger satisfaction, organizational reputation,

revenue performance, and long-term competitiveness.

Study Purpose for Research Gap

Although numerous studies have examined flight delays, airline punctuality, and service

quality independently, three major knowledge gaps remain.

First, limited research integrates operational excellence, digital
transformation, and service excellence within a single conceptual
framework.

Second, the strategic role of OTP as an organizational capability remains
underdeveloped.

Third, existing studies rarely incorporate digital aviation technologies,
collaborative airport operations, and organizational resilience as

complementary drivers of operational reliability and service excellence.

This study aims to:

1. Critically synthesize the multidisciplinary literature on airline operational excellence,

OTP, digital aviation, and service excellence.

2. Develop an integrated strategic framework explaining how operational excellence

improves service excellence through enhanced OTP.

3. ldentify the strategic roles of Al, Airport Collaborative Decision-Making (A-CDM), predictive

analytics, operational resilience, and digital transformation in improving airline

operational performance.

4. Establish a future research agenda capable of supporting empirical validation using SEM,

PLS-SEM, or other advanced analytical approaches.
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Plan for Design/Methodology/Approach of research

The study adopts an integrative conceptual review methodology by synthesizing evidence
from peer-reviewed literature published in leading aviation, transportation, operations
management, and service management journals, complemented by reports from ICAO, IATA,
EUROCONTROL, FAA, and ACI World. Rather than conducting a traditional narrative review, the
study critically analyzes existing knowledge to develop a novel conceptual framework linking
operational excellence, operational reliability, digital aviation technologies, and passenger-centric

service excellence.

Contributions of the Study
This study makes four principal contributions for future research paper:

1. Theoretical Contribution: It bridges airline operations management and service
management by positioning OTP as a strategic capability rather than a simple operational
metric.

2. Conceptual Contribution: It proposes a novel integrated framework linking operational
excellence, digital transformation, and service excellence.

3. Managerial Contribution: It provides actionable guidance for airlines, airports, ANSPs, and
regulators to improve both operational reliability and passenger experience.

4. Research Contribution: It lays the groundwork for future empirical studies that can

validate the proposed framework using quantitative methods.

Findings

The review demonstrates that OTP should no longer be considered merely an operational
performance indicator but rather a strategic organizational capability. Improvements in OTP result
from the interaction among operational excellence, collaborative airport decision-making (A-CDM),
artificial intelligence (Al), predictive analytics, digital twin technologies, operational resilience, and

integrated stakeholder collaboration. Enhanced OTP subsequently improves passenger
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satisfaction, perceived service quality, customer loyalty, airline reputation, and sustainable

competitive advantage.

Originality/Value

This paper contributes to airline management literature by integrating traditionally
independent research domains—including airline operations, airport management, service
excellence, digital transformation, and organizational resilience—into a unified strategic
framework. The proposed model extends existing OTP literature by positioning operational
punctuality as a strategic mechanism that translates operational capabilities into superior

customer value.

Practical Implications

The proposed framework offers practical guidance for airline executives, airport operators,
air navigation service providers (ANSPs), ground handling organizations, policymakers, and civil
aviation authorities seeking to enhance operational efficiency while simultaneously improving

customer experience in an increasingly digital aviation ecosystem.

Guideline for Future Research Implications

The framework establishes a foundation for future empirical studies employing Structural
Equation Modeling (SEM), Partial Least Squares Structural Equation Modeling (PLS-SEM), Bayesian
Networks, and Digital Aviation Analytics to validate the proposed relationships among operational

excellence, OTP, and service excellence.
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