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The Application of Unmanned Aerial Vehicle (UAV) Technology by the Army Aviation

Center in Disaster Relief

Supawit Atama

Army Aviation Center Fort Princess Srinagarindra

Abstract

Disasters, particularly wildfires in northern Thailand, represent a major threat to national
security, with significant impacts on the environment, public health, the economy, and the
country’s international reputation. Wildfires occur annually and are a primary cause of air
pollution, especially fine particulate matter (PM2.5), which poses severe risks to the human
respiratory system. Conventional methods of wildfire control such as deploying ground personnel
or utilizing fixed-wing aircraft face considerable limitations. Consequently, unmanned aerial
vehicles (UAVs) have been increasingly employed for wildfire surveillance and suppression. Among
these, the Hermes 450 UAV has demonstrated distinct advantages, including the ability to access
difficult terrain, high maneuverability, and the integration of advanced sensors and thermal
imaging cameras for hotspot detection. Additionally, UAVs can perform missions with continuity
and precision, making them highly effective tools in wildfire prevention and suppression. This
research article aims to examine the roles, capabilities, and effectiveness of UAVs operated by
the Army Aviation Center in addressing wildfire problems in northern Thailand. It further analyzes
approaches for maximizing the application of UAV technology in future disaster management
contexts. Field-based data collection methods were employed to obtain empirical evidence,

ensuring a comprehensive assessment of UAV effectiveness in public disaster relief operations.

Keywords: Unmanned Aerial Vehicle, Disaster, Army Aviation Center
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The development of Floating Wastewater Treatment System Using Expired Life

Jacket Materials from Aviation Industry
Niti Sirichanya*

Thai AirAsia Airlines

Abstract

This research developed a floating wastewater treatment system utilizing expired aviation
life jackets to address waste management and community wastewater treatment under circular
economy principles. The methodology involved collecting expired life jackets from three major
Thai airlines, constructing systems with floating foam structures, solar-powered aeration, and
biological components, followed by laboratory and field testing in Rangsit Canal and Khlong Lat
Mayom communities. Results showed excellent treatment efficiency: 85.3% BOD reduction, 80.0%
COD reduction, 87.4% TSS reduction, and 275% DO enhancement, meeting all regulatory
standards. The system enables 6,200-7,500 units annually from available materials. Environmental
benefits include reducing 15,000-18,750 tons of aviation waste annually, improving water quality,
decreasing greenhouse gas emissions by 2.5 tons CO2 equivalent per unit yearly, and supporting
aquatic ecosystems. Economic analysis revealed 50% lower construction costs than conventional
systems, 250,000 baht initial investment per unit, 2.4-year payback period, and 8,000-12,000 baht
monthly community income generation. This innovation demonstrates a scalable waste-to-value

model supporting sustainable development goals.
Keywords: waste, aviation industry, recycling

*Corresponding author: Email: buz4work@gmail.com
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Innovative Concepts in Army Pilot Training Using Virtual Reality (VR)

Technologies

Panachai Thanapat*

Army Aviation Division, Army Movement Center

Abstract

In an era of rapid technological development, armed forces worldwide are incorporating
innovations to enhance the training of army pilots, who face challenges related to safety, high
costs, and training environments. Although flight simulators help reduce risks, they still have some
drawbacks, such as high procurement and maintenance costs, the need for specific space, and a
lack of flexibility. Virtual Reality (VR) technology, therefore, presents an attractive alternative as it
reduces these limitations. Virtual Reality helps train in a realistic virtual environment, reduces fuel
and personnel support costs, and increases safety, especially when training for emergency
scenarios that are risky in real-life training.

This study aims to 1) explore the trends and feasibility of using virtual reality in army pilot
training, and 2) propose innovations in this field by analyzing research data and case studies from
abroad, while also assessing the context of the Thai Army, which still lacks the systematic
integration of this technology. The findings indicate that virtual reality has a high potential for
army pilot training, particularly in terms of cost, which is 10-100 times lower than traditional flight
simulators. Additionally, Virtual Reality offers flexibility in repeating high-risk scenarios and real-
time result tracking. However, there are still some limitations.

Virtual Reality technology is an effective and cost-efficient training tool for army pilots,
helping to reduce costs, enhance safety, and improve training capabilities. Although there are

some technical limitations, the ongoing development of hardware (e.g., Apple Vision Pro, Meta
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Quest) and software will address these weaknesses. For the Thai Army, integrating virtual reality

technology can significantly enhance training effectiveness.

Keywords: Virtual Reality, Training Innovation, Army pilot training, Flight Simulation
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L%

ngUsTeeA
1. iiedAnyuunliuazanuduldldlunmsussgndlfunaaianssumsinindunmsundae
welwlagauluaseaiiou (VR)
2. WlelausuuzunAnuinnssunstinindunmsunsemelulaanuidusiaaiiou (VR)
uwuAn Nl wazienansiieadas

uwuAnuasnguiiieafumalulagauduaiuaiiou (Virtual Reality : VR)

anufuaiaadeoudentstiassaruili (3D) Feadrelnoneufiamesd asend Virtual
Environment (VE) 3oanmuwaindesaiiouass dafldaunsaideniianis gy Sreaniuil 1asuyuues
waznauliuUsEamduiads 5 1wy indoudredseduanmindomaiiou w39l4 ilensgvimalulad
finltlunsindeud dadunidumalladanudusiaaiiou wuiu

wuAnuasnguiiieafunisiedauitluanuusiaaiiou (VR Locomotion)

VR Locomotion nnedis maluladivieliannsandeulmviseindeuiionimily ledndinds
Fsegamluanimuindeniiaiousss sugunsairne q feenuuulimnzauiu msldauusazyszian
Adsazindeuiinuanimuindeuailiouss Tnemsiiu 31 viedenuwivug luvasisamelulanui
arudusiweslfogiui Tnsanmwedeslulanaliouatssiivualiialudeiuiuasadoulmld
pgaBasznumInniesUIndly anandeuatiouadedy o

LLmﬁmLazmqwﬁﬁLﬁmﬁu VR Headsets and Equipment

Tuefniu “wiumarudusiaation (VR)” gnihanldlunsaeumstuliudtinSeunisiu e
$1a0s aanunsalnstu elimnnduddnEeunisiu Tunsdeduls BastuvSoudlvaniunisal s
9 909m 50 wiludagiumalulaBanudussaadougnihuildlufonssuuinuevaieUsznm dae

Auian wivmanuduaieaiiou Tulgiuisiniignas seainudneundsiagmnn Snviuvalulad

Y Y

<R v Y Y

vosyngunsalaudsvearuduaiuadouludagiuidslienwiuadetumin awnsadiassaounisal
wazamaiiousdsldatsy wndalu dddudagiuussinnvesiumanudusivaliouaziiey 4
Usgunyudn 9 fsil (1) Phone-based VR wiuaanuduasaaiioufivimnainnseamudaasiiaud (2)

v a

PC-Based VR fiog 19911 arursaduluunluiiuilidndnnismyuvesdseeuuy 3 DoF (3 Degrees of
Freedom) (3) Console-based VR anwaugaziinaesiegimuntvedldany finaeensiaduiumi
9849 Controller uazauasuumiIuIRldnmadaudilulufianidle (4) Standalone VR lngjuusniife

Oculus Go dnwazAR1Y Samsung Gear VR ualddaslalnsdne
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nawinunlnednislgiaiesindudnass (Flight Simulator) dwsullnindunmisun Tasianig
981 sdmsuisaneUinasiuU Black Hawk way Bell 212 FadluonmAgiundnaesnawinunlneg 1ses
Anfudnassinasinuningldnusglutdagiuiuiidediianaleusenis MaluauiIuIuases ALY

uaieveeszuy kagn1surgesnwindanlddngauuszanudiuiuumeaa lagias o nivaln oy

[ '
=1

T5a8suns0u gudmsummsun Ssegluiuiidminany3 Sadugudnanamsiininiusdnetinesves
nesvinunlng egslsfiniy Srunuedodiniiferiuliifvmedanudesnslunistinindu lneams
dofinnsananduiutinduiidesiunsiinluusiasl uazaudduiidesmudsunisldinieaitelals
inALa1vesgUnsal Auddnuenadesfindudassdmiuinfummaunduliaansouestuld
dosmnniedesiiomaitisanmudsdumstindusie andlddesudomas uastslitnduamne

Haduvinweluaniunisalanee loesgrslasnde (Sukom, 2561)

?JE]UL‘U@I"UENL%‘IEN

nsdnwiad el i un1s3Seidanmnin (Qualitative Research) Tagldn13A nwitanans
(Documentary Research) wazn1sdunuwaldsdnuuulaidunienis (Informal In-depth Interview) i
Anwnwaldy eudululed wasuwdanisussyndldmaluladarudusieaiiou (Virtual Reality: VR)

TunstnnSunansun Teedsedsuisnseall

v

1. msAnerdeyaannienaisuazauIdeiineadas

[y

AI38TIUTINTeyanuvaeyanfeil laun iide 518U3Ty unANIvINig Lenans
WEUNS BATIIUAINBIANTNIIVNITTITbuLazavUszme audstayanniulednidedold e
WpseiwnldunisUszendldmelulaganuluasvaiioulunsiinindu

2. msswmu%’a;&amﬂamu

a o

A3deldanfunsdunivalidedinuuulididunienis (nformal In-depth Interview) fungue v

Joyandn (Key Informants) $1uau 10 Au Fadugindinauinseussaunisalifeadesiunisintnu

PN

vasnaarinun lown dndunmsun agindndu wielvladeyanilaninauwasdangunuuiunvasglv
Toya
3. M5IATITHLUBNN (Content Analysis)

Va v

HI3elATentayaannienasnsIunNLarIInundIAwaliddnlagldisiesgiilaien e
Arnuuundn walulad wazUssnudAgineidesiunstndndunmisun iudemsiuieuiiou
sz93sHnuuuiiniunsinlaeldyngunsalandsveanudussualiounaenauduasizideya

WednrhdatauowusiuIminsUssgnaldmaluladiadousssluusunvesusenalng
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4. MULEUENANTTIY
Tayailiainnisinsieiidalenazgniiausluguuuunisesuleidanssaun (Descriptive
Analysis) Ingulsiiiutawuamnanisussgndldimalulagenuduasuaiion (VR) lunsinindu

nsunegadussullaziunzaLfuUSUNTRI8un iU ne

ATDULUIAUAR (Conceptual framework)
INNIFANYUNAITENE) WUIANINAR wazngud awnsaasuilumiudn etdu wuamslunns

WHUUNAMUANE ARIT

Anwrdayaanienansuay

awv A a Py
UILNNYIVDY
- WedD, 5189398,
UNAIUIVINS,
LONATTHHELNS ULdUaNaN1SANEN
- ANSEUNBALTIEN .
wwINNSUTEENALY
ﬁ = < a =
waluladanuduasaailiou
Tunsindndunmisun
a ¢ t:gll
AAs1zlion
(Content Analysis)

ATV DUANLONAITHAY

Y

UNFUN1WILTIAN

= a '3 o =
WNANIIANY ILATIITK HASUNEUDNANIIANTN

Tugamalulaginmiieg1esiaiga Virtual Reality (VR) AMdsufitranisiinindu lneiamelunesying
ARRNTUaTINAMUILUTEIMLATANUARAAY 1UTFINTNaNTTRI nalulaginaiildig ansununisin

Tauseia wiaune wWulseansninwazanuvasnsds TnudndutazaiuniieItaasun1soudnuInune
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1) nsAnwdeyaannenansuazauideiineades

nmsfnedayannaauszmelag Smith, J., & Brown, A. (2020: 45) lalviaauiiuil Ay
Wuainaiiou (VR) e iAnsinevsutndulasmsdanisnaninuindeniivasadouazqueniv
Aldingdmiunmstindoumstiduiedostuiitudou nansdnudldifuimsiinousudeuiuaaa
Huadaailou (VR) Truangtimnléis 309 eifisuuiBnslinuuuin dosnninaluladiviliindu
ansamdgivaniumsalamnudesgslalaglifnansgnululanade uag Smith & Johnson (2021: 85)
galinnuiugnin 1asanis Pilot Training Next (PTN) va3nessine nAansgs igauudadn nisin
thiuseszuumaluladarudusiuaiioutisantalusduideddlunsiusesnmandld da 30% lag
fnanasguarumieuUfiRmstildmiouduvientu Snisdlinenismmsszdulanegn NATO 14
waluladanuduaiaaiou (VR Tumsiindndu ieweiuadsrmudrfuldlunisuuaauduea
UndunnuseimaaunBnananansalndausiuduluanumsalanuinissululaniaideu (NATO STO
Technical Report, 2018) WAEHANTENUABIAINGINIWIVT IABHANITANINUT NITHNMETEUUTIA0S
nssusvuamiuaiadeutisananunaseaneuufiRnsusnvesindudulald d 350% wiourts iy
aruisalumssnaulanigldmnunau teegredaau (Chen & Taylor, 2021: 428) Wndufiflngewium
arudussnadioufazuuumaioudlndidesiunguiinuuudafaludiu msnuauadosduiiugu
n13susanInuIndeu (Situational Awareness) wiinguanuidusisaiou (VR) Idadesluaniunisel

a

aniduiidudou 1Wu msdamsszuudlefinmnudeme (System Failure) msduluanmenniaiaiiie
{1139 (Lele, A., 2021: 45)

Snvadalidnedeninanudde unen uasiiuledlulssalvelng auwne Tof wazame (2563) Tu
Msmamaluladmsdusazeinie Fseyliinsideifaussuuaudunieatioudwiuiindniuves
nesinenialne Tneneaeuiulndudivau 30 au wuin nsindewivmanuduisaaiioudisan

=

181 training 1@d s 20% wagtfiuauusiuglunsufUanuds 15% Weisudvisnnsiawuuids
(auwe 1af, 2563: 50) Fsaenndotiu Ssnad suns (2565: 34) induiindowiunanuduaiuaiou
flazuuun1ssuaniunisal (Situational Awareness) genddndudidnuuuund 30% uazaiunsa
novauowlammmsaigndulfifingt 1.5 Junit Snfanstulnethszuuanuiuriaaiiou (VR) wldly
msfinindundiag Yreanaildielunsingendsadusiass (Ful-Flight Simulator) 1#ds 40% lne
gamuszdnsainnisidnlilusedvuinsgiuaina (n1stulne, 2562: 7) wagnuie91us19n159819

nasinenAsIuiy andumalulagdesiudseina (2562) Wideyalilu enuwidy andunalulad
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Josuusema (and.) szudn nesinernialnenaassld VR Simulator Audndy F-16 wuitgiean

AANY (Wawnds) Tunisinasalanin 50%

' v
a Y aa < @ o v

feaziienfunnuaeiiad didosntn a O 2565 Silaifiszuumundusiaaiiou (VR) Taldsums
usadlildlunsiinduiu 30% vesdludinianun osanuedeyatuduussansnmlunsdenen
Winwe Tng EASA muualigasdnluiadassiaesnisdusesu D (FullFlight Simulator) agsiias 50%
(FAA & EASA, 2022: 16) Kennedy (2020) Tusuiddenuinwanisnwnuintndulndnuseunad 30-40%

a

di ° N Y o Y] ! v I ¢
UDINTILHIYINLATDIVIADN (ﬂau'la, NYUND) 33%'}7@1%37“351&1 VR Wulianuny I@EJLQW’]%SLuamUMSm

' '
= 1 A ra

niinsindeulmas dwalidasdrdianainisiinaawieted 60-90 wifisenss szuumuluasuaion

Y

a =« o

(VR) Tudaqdudeasll anuniae 15-20 dad3undl davilviineinis duauuasidonisnseda v
UjtRnsduiiFeddnrusnig

2) msdunwaldednuuulilumenis

nnsduntwalidednuuulaiiunianis (informal In-depth Interview) funguilidoyandn
(Key Informants) $1u2u 10 au Fadudiifiauivieuszaunsalifeadesiunmsiininduvesnasinun
¢ WnSunmsun agiintdndu endhegnsldsei

lvideya 1: dndunmsun (Ussaunsal 15 V)

muspatdustaaioudunseoniifunn dmiumsiindenaniunisaianiduaiu Undudn
nMsazdonnisasengnidu vielrdsssudtadenarioinede suvildonnnluaniunisalads widdl
yogunsniamsszanuiuiuaiiousannsadassaniunisaimnidludunldldsiaae 9o
arwiiule Tsusndulugg Ieezuiueunsy”

flvidaya 2: agiindndu (Ussaumsal 20 U)

"Enenmyeanaluladanuiuaiaaiiou sunfavnannuzasu lildudiFewnidusgaiien
witsnannsaldfulunis Annnshafidudou wu msdumy nMsvszaueusuniisniaiiuiu i
winseiimstuluanmenmmanheiundndausdessndnnisiin suteussudanauasnineins ¢
UMANAITI9) AU

3) mseziiien (Content Analysis)

nansidendoyanazuvassnedsislunazssemategedaaudn waluladanuduaie
wilau (Virtual Reality: VR) ddnsaingalunisenszaunisininiunmisun lagiamzlunguindu
\waneUines Areundyiutesitavesnisilngse neludiusuussana arudes arudlunisin way

ANunSeuvadAIeslunsounaInTin MsHNLULALANNeAuATeIduasmIeLAsesTIaan1stu (Full
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Flight Simulator) wifagliimadwslndifestuaniunsalats udnduiidedindfnySesdunu Aldane
Frunsdade sUinsn thisdnu naenautedidaduaniuiivaryaannstauassunin lumansstudi
nsindsmeluladanumiuaiaadeuldYunisiigadudaiianunsnandedifamandldod e
UseAndam ldiandunsiindudestu msiinaniunisalaniduiienndenissiaedludingss wu nns
Tadosvasniossud msasaenluaniwerinmeaaiiie wisnsaunannisland lnsszuvanansaaing
anmndeuaiioniefiiauanaiatanin des uazmsldnou SeelifniansSeuduuvasiier
(Experiential Learning) 19fin31n1st3eusiuumngug
nmsduawalinunmsunuagasiinindudiau 10 v tgafunuannsiumalulad
mnudusiaatiou (vR) inldlunsiindindu wuindlideyadiulngiyuuesiiiuinuazueaiuismn
Hululsgalunisussgndléimaluladiitesiannnsinlsissavs nmuindaty
wwrlduuazanudululdlunsuszandldmaluladanudussaaiiou
Alideyadiulugviuin wmaluladauduaiuatoulifnenmadunsdiundqeaiunisin
tndulutlagiu lnslangludruvesnisadsaaunisaldiassfinanvansuasiaiiouass dsazaaeli
tnduannseilndurinuediddnldvosnddulnglififos fnsusulsvana e wieanwermewmiieu
nsiina3e Megratdu nsinduileduimnnisalanduseg mstuluaniweimaiiiariie niensiln
nstafidudou Fududsilianmsalindldvesdnlumsiinaaauuase
tnTunaneviulinnuiuinyegunsalaufsveanuluasaaliow ausatvandunulusses
g1ldognmena esnlusndudeddidomdaeniasu lddesilsivorsnsldouvonaiosdy
waranaudesfienainduainnsiineds uenanidmesiuvaluladarudurinatoursdasdia

UsgangnnlumsiseuivesintuulninAuesiumalulad vildinmsininaulasasidnislaaney

Q

faruanusiierfunuaAauinnssunisiindeyngunsalaudsezaruduaiaatiou
fidoyalilidoaueuuriinaulafsfutfnnsiyrgunsalaudsvsanudussuaiiou
srilélunisiintndu el
1) nstawund emnsflnlinssmuguszasd aasitunisadne anunsaisiassiinseunay s
A3AUszdTu Msinnegnsis uazantunisalanilduiivainvans welsiinduldiSeusuazin

UtRessluanmwIndeniiniuaule

a

2) ANNANATIVOITTUU MTliANdIAAU NTMINTIaNaT wag NSNBUAUNDINUINEY YaITEUUYn
gunsalaudsvzanudussuatiow eliinduldsuuszaunmsalnlndidesiunisduasanniign

FiINIIEeITEUUMUANKArgUNIalineg aeluvesinuliaiiouass
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3) Mmsysannstumsinuuuiy limsuesingagunsalmudsvzanudusiuaiioudud Wiozan
wufinisfinassiavan uieasiduns wiudstunaziu Taeldyngunsalaudsuzamiuaie
afleulunsyilugiu nvinusiamens vidonumuundeu douftarlugnisiinniauueds

4) szuuURnmuIazUsEliune Mmsilszuuiianunsn Anmumnuiantiuasyssidiunanisiln vesindy
Isegsazidon tielinsiinanusalimuusimazyfusununstinldegramngan

5) maanegseiies mstinng Ifeuasiamn ssuuyngunsalandsvzananduaiaaieusdas
soiles ilelitaenndestumsdsuulaeamaliladuaznisiisveanasinunlusuian

MnmsinTiidatemanenasuarniiderimuaiinannandiedu aunsodaamesiuunie
welulad wazdsuifiuddgifendestumsindniunmsundemealuladanuduasadeuldagg
Farau lugatagtuiimaluladidsundasesnasingy msilnindumnsundaldisinuueiniaey
W3mdoindsfindusassnuuifiuguiuy (Full Flight Simulator - FFS) tiu duwdgydudosiiadiu
qulszanas anudasnds eudangu wazdernuadmunsneinsaney viliisaudidudauem
wasiineusunuulniansnsoneulangisluguuszansnmuazanuduat Tnsiawizogadsly
ey tuiinanngunsaiyngunsalandsvearndusiuaiiouiauegeinnszlan fndnsasiaunings
nusEnmaluladsielng 1w Apple Vision Pro, Meta Quest, HTC Vive wag Google ARCore § 4
AL saluMTUsTIIANAN MLUUANER adeanmuwandeuaiiouaieianads uazseasunsiamn
wounaiaduilnlawiznng Ineianig Apple Vision Pro fiflssuudszinanasedugs asuaniuanudn
995U TIANOULUY real-time anunsainUszgndldsanduneundinduilnJuiiwaulaevtigau
nsus etensud gy Weaswuusiasusdnelinesniseinife uangeIneinunliogie
wangan LazSaainsadonlesiuszuugudoyauazssuuduiinnanisin iileliauisalieneiiuay
Uszillunatindulaegadiusydnsam

yntuum luUszgndldlunisduvesnawinunlne Tasanzgusdaounosuiatndy
AIARSEIIUNNEINA SzanTaansTausuUsanaldegaditedfey wu aldaelunisinde Ful
Flight Simulator nilsymonafisamatsdesduum wazdadedldaldsresetlunmsguaszvuduy
F1uauann vaugfimsamuluyagunsaiaudsvzarmdusiaaiounsouvondufivnzan onald
sutszananiios 1-5% vosenlddredanan uilinadwslunmsindlndides nstanelunisfing
anumsnides vieflnanzyaea fadunmshyegunsnimufsuzauiuaiaaiiouslfiiuedosto

HAntasy wSaunuNu1IdIUee Simulator LuULAY Fudulumanasnndsstunuiluulan dauduly
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o

16 wazwminzauiuusunvesUssmalng Midaisenseaudnaninvesindunmsunlunisuifinisia

o w

Tugaiiniansy Anausive wavaumdoufodsdidnygegn

4) nsuLEaNaNTISANEN

wwInnsuszenaldinalulad VR luvsunvesdseindalve Tngiameglumhedniunmsun as
Fua1nnsdadamietauinendnduil ndunuudiaeslusuuuy VR Inssaudforuniaenvunie
wivendefidanudemgiumeluladiaiowsss Wessnuuuszuuiinduaiioundefianmnsaldlasu
guUnsal VR fifleglumatn antduiinisdnd egunsal VR wu Apple Vision Pro w3e Meta Quest fi
annsoldauldiussvuiisau Tasuaudualussezen iWemingunsaimandannsaldauld
ogsiailes Tvurannmdre lifedldormsinauinlng uaziarhsesnwsundefisudy Ful
Flight Simulator uazndaaniufasswaunduLuu VR Flight Simulator wuUfugULUY Llelasuai

Usraumsaluazinuelvauysaldau

U2y Full Flight Simulator (FFS) VR Simulator

3R 50-500 @MU 0.5-5 f1UUM

A3 49 (MeeduinInaniawas/ i (SUmmsemdslaine)
gonALI5JulsEa)

AUEAEY doddfiuflamzuazyaains  Anldnnd wilusodlnund
LA

Anun13alin $raodlfauaie ualidedrdn  awnsaa¥reaniunsaii
UNEIUNNT0] vannvateuardunselalagll

Y
n1suTuUsesEuY Aotauadlun1sduingm NGEIIEL TR VA

MITNUFANTIYAUTI U UTENIN FFS Uuay VR Simulator
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wuanansuszendldlunaswinunlne

(1)

(2)

(3)

nsidentdaunsalkavyaniuag

Apple Vision Pro + Flight Simulator Software (4% 14 X-Plane, Microsoft Flight Simulator)
wingdwsunstinfiug i esnnil anueziBengauarssuy Tracking Aiksiue

Varjo XR-4 (ﬁw%“umi?]ﬂ%uqa)iﬁmw ANUNAsLden 4K fam1 Larsessu Mixed Reality vl
AUNTAHAUNA I INQLEBUAUAN N INABNAT

FYUUAIUAILATH LYY HOTAS (Hands-On Throttle-and-Stick) #3® Motion Platform RTRIRTEY
AUANDT

WUININT U

ﬂﬂﬁugm (Basic Flight Training) - 14 VR Simulator lun1silnsfnwenstud sy wu nns
AIUANAIINEGY N1589980

Hnaniunisaianiau (Emergency Procedures) - 918044910 N304 L% U Engine Failure,
Instrument Failure

fAngws3s (Tactical Training) - dounsTuluansgiiaiion manauidssnislaud

Anduiin (Multiplayer VR Training) - dndunansauanunsailnsiuiuluaninwindeuailou
e

NSYIUINTAUTTUULAY

Tfuiunianuduasaadouniugiu Full Flight Simulator tnelduiunianuduaiaaiiou
dmsuilinnusiidewhdvesq wasld FFS dmsumsiiniideddduss G viean muindouausss
WU Uy

W Wsknsushassanen fiaenndesfuoiniAeuesnesinuniye Wy wineumesuuy

UH-60 Black Hawk 138 Bell 212

n1sdwmalulad VR Immersive fifloglunaindagduiunnduesesdofnindunmisundaduen

wazUaanne lnswnizdnsunaainunlneNfeanisiiudnenmnnelaaulssunuanie widdeaninn1u

wialakazusuning wiausaudlolanien1sweuszese1y NMITRYIYAIINT warAIINs T oAy

AALENYL/aa1TunsAne nthunldedranuizaumalulaganuiduaswaiiou (VR) azliiiusan

AU WadenseRuaunSausurasindunmsuningliviaiieuiuinsgiuang

olutifonsnaUSeudiou 51A1 1oh wavtaldy vesgunsal VR Immersive vanfiaxlutagiu U

s e U 2025) weldlun1siatsanunsiganuilnousuniansfinwinige
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#vin/qu silagussann (um) | dah Foide
- luigadldnauiimes - AN ALY
- Tgaudne wanagaan PC VR

Meta Quest 3 20,000 - 25,000 3 ; } §
- 59950 Mixed Reality (MR)- 8 - 91gMsldnuLUnnes
ABUUANAINYATE 3119

- ANUALLBYAZY 5K o ew o
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Smart Aviation Warehouse & Enterprise Integration

Sumichaya Suwannasri'*, Lalida Khoonthong? Ekkapong Tawara®

KLM Royal Dutch Airlines?, Thai Airways International®?

Abstract

In the digital economy, where speed, accuracy, and adaptability are crucial for
competitiveness, warehouse management has become a strategic component directly impacting
supply chain efficiency and customer satisfaction. However, the siloed operation of Automated
Storage and Retrieval Systems (AS/RS), the physical mechanism, and Enterprise Resource Planning
(ERP) systems, the organizational brain, often creates an information gap that leads to inventory
discrepancies, inaccurate forecasting, and diminished organizational responsiveness.

This article aims to present a detailed architecture and approach for integrating these two systems,
focusing on the analysis of a multi-layered architecture and the data connectivity structure of the
Warehouse Management System (WMS) as a key intermediary. Through qualitative research with
12 key informants, it was found that organizations can achieve an average labor cost reduction of
30% and increase inventory accuracy to over 95%. We explore the bidirectional data flow, from
an order originating in the ERP being passed through the WMS for optimal task conversion, to the
operational command of AS/RS equipment by the WCS, and the feedback of execution status for
immediate inventory updates across all systems. This complete integration transforms traditional
warehouses into "Smart Warehouses" that not only automate operations, reduce errors, and
optimize space but also create a single, accurate source of truth. The outcome not only enhances
warehouse productivity but also empowers the organization to make sharp, data-driven decisions
across all sectors—from precise procurement and reality-aligned production planning to customer
service that can confidently make delivery promises, which is a fundamental basis for sustainable

competitive advantage.
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\dousosruudesmaniididieiu welhiAnnsvhausuiuedsfings (Syneray) LATUTTA

Wwnelagsiuvetesinsiaedailusz@nsnngsan (Rouse, 2014)
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e Industry 4.0 wag32UU Cyber-Physical (Industry 4.0 and Cyber-Physical Systems - CPS):
pdvALASaRsszAon AT auRiTAlanmENnIT Industry 4.0 MIysanmstaiadeiiendy
"58UU Cyber-Physical" Fadunsuaunaiuszninslannionin (Physical) 9130393 ASRS
wazlanlsiues (Cyber) Aowamiuas ERP, WMS, wag WCS fifinnsuaniasudeyauazaiunuds
Auwaziusuusealngd iissuvauisansiaeuaniusvesnues, Andulawuunseaneeud
(Decentralized Decisions), wagvinsusiuiulaeg1sigyaain (Lee, Bagheri, & Kao, 2015)

. nsdanslegunuiiduinaeudiedeya (Data-Driven Supply Chain Management): n5ys
uIN13sTUUYlnianisnalsuvesdeyaUSuiuumiea (Big Data) 31nynianssulundsdue
Foyawariideogninutiiesegiaraianuannsolunisueaiu (Visibility) aasavidlsguniu
Gdasflﬁaﬁﬂimmmmﬁsm'mmms@fmﬁuiﬂmai%’é’mmapmmLﬂumsﬁmﬁu%uuﬁugmﬁum

Yo3a (Data-Driven Decision Making) Fstilugnisneinsaifiusiugndu, msdanisadeniifdy,
uazNIIRDUALDIEMNFDINI IR IgNENTiTInEaBelu (Waller & Fawcett, 2013)

. UgnussivguaznisiGoudveaaies (Al and Machine Learning): nalulad Al/ML ansnsn
vhuszgndlifudeyaildarnnisysannsiteiiuanumngaainliiumsduiunu wu ns
14 Machine Learning tlediasnzsiguuvudsisuagyiugaudesnislusuian (Demand
Forecasting), nMsuUsulasusumiadaLivausi (Dynamic Slotting) Whnunzaufuaudlunig
\Ondouvusaludid, viensineanududulunisiisednuiiai eadns AS/RS (Predictive

Maintenance) NaunazLinAINULAANE

A1911N15398 (Research Questions)
MniagUsrasddnaiu unaruilimeusiniunisievdndte Ui
1. aniinenssunuunatedu (Multi-layered Architecture) Afluszans amdmsunisysanis
59U ASRS Uag ERP msilanuuzagnalsuagssuu WMS Ay WCS Sunuivuwasaiudunusiu
pglslumadonseseninessuunuILarsEUUU RN
2. M3dINIUYRITBL AL UUADITIANI4 (Bidirectional Data Flow) Iuamﬁmaﬂimﬁyiwmmé’a
Pwantesinaweadoya (information Gap) wazairsunasteyaiiundades (Single Source of

Truth) WiaLAMULNUEURIAUAAIRdIRUULSBalllaaenals
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v a v [

3. UBNLRINNSIRLUSEANS AWl UARIAUAILAD NTYIUINT ASRS uag ERP ANANTENULINNG

{ N v v

gngronINatnITalunsindulanduindsuniedeoya (Data-Driven Decision Making) U<
aaAnslunmsIuegnsls

4. Anuvmed ddgy i ganiesdumaia, n1913u, Lazn1suInsnsWa sunvaslunisi
amilpenssunisysannstiultifessls warduuamdlatheiinsielviesdnaenuzgUasse

wiaile

52 UBUI5338

wmmiﬂumﬁﬁ“m%mmmw (Qualitative Research) TugUuwuuvainisnuniuwissaunssuagrauiy
5¥UU (Systematic Literature Review) Lagn153tAT1¥MLTIMUIAR (Conceptual Analysis) \iea¥anseu
winAnuazandnenIsudnIUNTYIUINITIEUU ASRS uay ERP Tnefidunoumssuiumssai:

1. nssusmdeya: Aiflunisdudulazsiusiudeyaniegi (Secondary Data) 9nuviasdoyadi
UndefienanratsUssan Tiun Msansdunisuiunnd, 18U TUTTYIIVING, LONATNIS
walla (White Papers) mﬂ;ﬁﬁmmizw%uﬂm LaznsaiAny (Case Studies) vesesAnsiUszay
Aanudnialunisirszuulule Tnsldmaunivan (Keywords) 1ty "ASRS ERP integration”,
"smart warehouse architecture”, "WCS functionality”, "data-driven logistics", "warehouse
automation" ey "supply chain visibility"

s '3

2. asAndenuazdaasizideya: deyafinrusnliazgnihuussiiuuazdnidennuinasining
Rendostuimteite mnduinhmduasghidonifiossyesdusenoundnuesaniinenssy,
sUuuumslnavestoys, Useloviiddry, uazauvimefinutes

3. nsadansaunuafn: thieyafidianeildnaadunsevunandsasadnenssuuuunans
u (Multi-layered Architectural Framework) ﬁa%mSJmmﬁ’mﬁuﬁuaxﬂﬁﬁﬂﬁuéiwiN ERP,

WMS, WCS uazaunsal AS/RS iiieliiliun nsinveanisysannsidnuuasiiluujunlaass

n1533eLBansaifine (Case Study Research) vasanen1sdufiinsaamsernssuunddudisaaieosan
14 n1939e139nmn1w (Qualitative Research) iflevheuidla wgsa” iemdsdym, guassn uas
YaguuwisanudnSalumsihsyuululd

1. @nwviAuafnazauienelaveantdnay

2. AATeidgmiatusesninensiuasuriu (Transition)
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3. AunwuIUURNANER (Best Practices)

NAUAI9E19 (Sample Group): ¢1435 N1sLAaNNGUA2E19IWUULANLAS (Purposive Sampling)
$1uu 12 viw esndesnstoyanngfidauiuassraunisallasnsdludosiug Ussneude:
1. fulmsszduge Weasuanuiiefuidediay, uloune, wasnaneuunuainmsamy
(RON
2. fFan15adedudn (Warehouse Manager): Ll paauanuLi dfunszuIun1svinay,
Haymiiny, wagnsUSeudisulszaninm
3. wilnawufuanasluads (Warehouse Operators): fliuszuulagnss 1wy wiinamwd
AIUAY ASRS, niinaudndnedusmegunsainnmn
4. 3Aansgeuti1e (Maintenance Engineers): lugnug 'gnén” weandadudn tileaeuaiy
fapunasuazanugndedunisldsuesiva

5. Wwnthide IT/wmalulad: §3195sUuLasauansiouasening WMS, ASRS uag ERP

\r3asiiaNlglun13sausiudaya (Data Collection Tools)
A4 A A
\ATD9BLTIAMUNIN:

o wwamnudmsuNIsFuAIBallBEn (In-depth Interview): lddunwalnguuins

[

wagdnnns Weliladeyaidadnlusunagvsuazguassa

ee

B
U
o UsZuNTISAEUNUINGY (Focus Group Discussion): 4Ang1aunuIszn3 19NNy
U URnsuazimng ileseauaneuasmdeaiusiuiuieivlssaunisalldau
o ¢ . Yo Y ¢ ° a
o wuudunanisal (Observation Form): lddmsudunnnisainssuiunisvianuaisly
ASEUAT WegUiduiusseninsauiumalulag
%’uwaumnﬁumusw%’ayja (Data Collection Procedure)

a a

1. duil 1: AnwdoyanAsndl (Secondary Data): Tusamdayaanienans, aflensldnussuy,
FIYNURNANTANHUURN VR8N TUUY

2. duit 2: iivdayaBeamnn: sdunisdunualiasdaaunnnguiungusegneiidents

3. dufl 3: asradeuarugniesvasdaya (Data Triangulation): Yndoyafiléainvansq uas

(9w Teyaainsruy, Msdunwal, NMsdung) dndSeuisududuiuieninuuiiene
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n53ATIzvidaya (Data Analysis)
nsAATIzidayaldennnIn:
19 n1s3Aas1zitilann (Content Analysis) #30 N153LATIZIUAUESZ (Thematic Analysis)
Ingideyasinnisaeamudunivaluarduiinansy udanay, Anay, wazasuidulssiaudidy
=~ 4 = [y 1 ] aa 1
(Themes) Nazvioutadaduuwianiudnia, guassn, waznansenulufsniiag
nsldsedevisideanvasliagyibinwideinnuindeliogs awisaneulandlavsluiifives
e eSS IR " 4 " - v Ay
UseAnSamNdn" uag "nszurumsiaguudasly” vaanisusmmineinsaienistulaedis

ASUNIUY

Integration Architecture

nadeusiesening ASRS wae ERP lildnisifeuselnense undetenduszuugeniuisfinaiadiov
wihiivszanueusazudamds amnenssulaeialulsvneude 3 sudundn dail

1 F2UUNITIUNUNTNYINTNI9§INAVR989ANS (ERP Layer) Lflu&z?qumﬁuaﬂ ERP Aoszuufiudms
Jn1ansrUIuNITIeEIAA N LWy nsfumdadeningnd (Sales Order) Mspantudsdetagfu
(Purchase Order) M313u waznsinyd luusunvesadedud ERP asdud3iSunszuiunts wu iled]
Fdaifartian ERP avdsdiayanudfesnisdudiiulussszuuinnisadsaudn

2 52UUIANISAASAUAT (Warehouse Management System: WMS Layer) WMS aﬁﬁ]Lﬁquaawﬁﬂu
ERP w3 eidumeniusuondiomn i usmsdanisassnsuasionssuianunnisluadsdudn wu
N15AUANaYNSNISIALAY (Put-away Strategy) N353 19uMUEUN1SA15ITnT18EUAT (Picking Path
Optimization) Wa¥N1F9ANITRITINY WMS 223UA&997n ERP LLazLL‘UmL{‘Juﬂmﬁﬁﬁ"qﬁamﬁwsﬁmﬁada
moludassuuaIuay

3 53UUAUANAGIAUAT (Warehouse Control System: WCS Layer) WCS Ag#i3lavean1sysanns
vty "dn” vide s’ WWensening WMS wazgunsal ASRS lnenss WCS azfuidsain WIS
(wiu ndudn A $1u2u 10 Fu s X) wezulaaduddmanadafigunsal ASRS | (au "ddli
wsundeufilugsiita X, v, Z wasfsandudesnin’) nieuvisdsdoyaaniuzmsvhaunduluss wms

wuuLsealng
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WAL 1: M1TYIANNT ERP, WMS, WCS Wag ASRS
[ ERP ] <-——-> [ WMS ] <—--> [ WCS ] <> [ ASRS Hardware ] (3An15§313) (3AN15055n2) (AIUAY

gunsal) (U URN15339)

Data Flow
ASEUAUNSSURUAT (Inbound)
1. ERP assluudenisudndndudn (Advance Shipping Notice) wagdstayaluga WMS

v Y o [ [ & A cAd vy
WMS iusua;gaLLazmwummmeﬁmmwmmzammmaqwﬁmﬂa

WCS wiasiduazamunuliasuniogunsal ASRS Widumludaiudasiumiaiu

1w IS

2
3. WMS dednds "dauiu’ luga wes
q
5. \dledafulasaiu WCS gaadyaaududunduluds WMS way WMS 2zdUinndoyadurinings

Tuszuu ERP T dullagiu
AszuaUMsUNaeauan (Outbound):

1. ERP Suddstonngnéiuazds "enadndudn’ (Picking List) TUgs WMs

2. WMS daainuanudfguazasnnisnansidnaisdudn udadsluds wes

3. WCS dsnnslfgunsal AS/RS Asdudniifesniseomnaindunussddedludsaniitnge
(Picking Station)

4. owinnududunaidndufudy WS azudanduluss WMs iiedaafien waz WMS azduian

Toyalu ERP LialsunszuIunsindwioly
Uszlevvasn1sysannig (Benefits of Integration)

1. anuutudrvasdayauuuiealni (Real-time Data Accuracy) N1siausalagnsavil
¥ a 2/ 1% [ I3 % 1 a ¥ <@ & a <
Toyadurnnadly ERP gndesuazilulagiuiane YrvandymFumanafionviseiiuaien
wagyiliheveuaznsaanausalviveyaignassunandla WegnAnsududldiinaiy
a1 Wlesanavinane Storage charge vasadsduA A dus1e U

2. UszAnSamuasndnningegn (Maximum Efficiency and Productivity) anszesiianty

NIEUIUNITTULAEIAUA AR 1idudAeY SruudnluiRanunsavinaulanasn 24 galuslag
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lsiwilesdn vilsisesfutiinasddeldinntu Woaudidunnnisduridrannsanseany
audnldognaiured Seeriinadeodiordudaluniodudaiead Transit, transfer shipment

3. andeRiana1nanuywd (Reduction of Human Errors) n1stinaieuazdaLiufinunuse
szuvRRNiumestisanmuAananlunsBuaufAnunseRindwauld Lilesandimsiaun
58UV Barcode vilAnALLiugas

0. msléiufiogneduAn (Optimized Space Utilization) ASRS gnesnuuuaniiionisdnufiuly
wurgeuardiaTumuiuiugs vilanunsaldusslominniufindsdudldaean daanmsliiui

Tukunsrukagiiuyseans nwluwuIng

HaN15398
MSYFUINITIFUU ASRS Waw ERP K1usfanaisoens WMS annsoiudsundadudnuusaiuls
nane1du Adedudngaases (Smart Warehouse) leidsa dethluguadnsiidudslovisonsdnsly
VGRERE
namAdeiidAyausaagUlsiduden il
o anuwivdrvesdeyanuuisealng (Real-time Data Accuracy): msiifeusiaszuuvinlideya
aurnerdsly ERP gndnuazilulagiuane Yiglimndeinuuudoyagaieniu

a a a

o UszAnSanuaskannmgeda (Maximum Efficiency and Productivity): nssuiun1sivuag
ﬁiwﬁuﬁwﬁasﬁuaﬂwﬁﬁ&ﬁﬁm \fesnnszuudnluifanunsavhauldseiearansyesiase
ADY

o  miaataRanaInaINuYEE (Reduction of Human Errors): n15AuANN1sidndeuagdnnu
AIBABNIINDTTIBANTAAINRANAINTUNTTUBUAUARAUTLLOITORATIUIY

o n1sldiuiionadudn (Optimized Space Utilization): ialulad ASRS daeliannsndniiu
Audnlunnguasuuiy vlflddsslesdniufiedduinlfaean

. miﬁﬂaﬂﬁ]ﬁ%’um?{auﬁ’m%’aga (Data-Driven Decision Making): Gﬁagaﬁwuﬂmmaﬁumﬁﬁ
INNTYIUINST FEgUIMTausadiasgriuualiy s uagdndulanigsialaegndl

Uszansnn

msﬂ'szqnﬁi%’t%enaqwﬁ‘tﬁaﬂiﬂwﬁgaqm (Strategic Applications for Maximum Benefit)
NISYTUINITIENING ASRS Uag ERP ziinuselevdasgadogninluussendldlugnavnssuisesns

ANLLST AL LaznsINTAUAAIRRINTUToULTURNLAY Saoenaaiu:
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L]
N

sNadmauLlisyuazAudyaflaiuus (E-commerce and Fulfillment Centers): TugsAafides

ANTSANE 9T 8 T1UIUNMIAIARAaENAaINTAIE (High Volume, High Mix) n15Y5041n13978an

Do

v A ¥

JEYLIANAWANTTUAIE 1T 0IUAINTTINES (Order-to-Ship Cycle Time) ldag1aun Wegnén

Fewodurnruiuled Jeuaszandsan ERP TUS1 WMS/WCS yiuiltitadali AS/RS tOnaedusn

U Y

Falusld vinlvanunsadndsduantanieluiumeinselunaluidqlue dadudslaseunianis
uITUNEALY

9AEIMNIINNITNAARUUTUIAIMEA (Justin-Time Manufacturing): lulsesaunds ERP 9z
AIAN1IAITNNITNEALAZTIENTINGAU (Bill of Materials) N15Y5UINTIEY8l1isEUU AS/RS

v
[ a a 1

ANUNT0ANAYITRDAULALTUAIUIINATIUITIA18NISHNAN bR LALD A LUIRAAIUIAIA A BINITNA

9

1 a @ v a . . [y} %]
PuanUITuiuafent@un1nan (Line-side Stock) uavdesiun1sngaveinvesnssuiuns

HANIINNTVINLAILIRGAY

a

o guamnIsueazladafnduuunIUANgUMN (Pharmaceuticals and Cold Chain): @nannssu

Y

waldean13n1snsivdeudounadu (Traceability) Lazn15AIUANTIINIA S5UU ERP a1y

v o

ToyadNIZY0I8INTUNIIHER (Batch/Lot) Msysannisveyiiidulalain AS/RS dnivuay

aa

WnIngermundnnsiiineu-nunegnew (First-Expired-First-Out: FEFO) Tuleug auma fi
gneied FadnduegndmenssnwamunimveandnsiusivasnsujiRnung ssileu

L4 a

o AudnIzMeFuAdmMTUTIAIATUEN (Retail Distribution Centers): dwisugsnaAUanvunlvgy

Y

Aflanviauszie ERP azdanisafionveannaiv n1sysanistaeligudnsganedudinans
a11150n8 AU FLALAUAIvRIavT lAE 19T Iwaz iU 1a AS/RS @1unsanEuLaY

AR NAUAFINSULAAZ AN LA ELRNIZAIUUN AN TS D NTULAAIMUA a9t o L ae 9nTusTR

anUs18NaN1538

[
Y

NAN15ITTLAUNAUBNITYTAUINITITNINTZUU ASRS ez ERP lnall WMS iJusnansdidaiiu

%4

LvigaumdunistudubsUselonhdal juRndudedls wu anuudugvesdeya nsandeRanain way

' [
o fac® = 1

nsiiiulszavsnn undiazviouivleddgludenagvsndndandntu aunseeiusigludseiunie 1o

[

N

=De

[ v

1. mawsuriuann "gudnansiuy’ d "nsedleaianulaiSeudanagns’ nans3deadai
N13ysaNIssEuUliensEAUUNUIMTeIRd @ uA Mniuignuesinduiiies "augnatsiunu’ (Cost

Center) iiun1sdmnuaumlifivszdnsam lugmsdu "JadeideiBenagns’ (Strategic Enabler) 981
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04Ans N5 doyadudnsndslundsufiinns (Operations) anunsaasveulugeszuu ERP lduuy
Sealnyd neanuidieuinig deve wadiennain mmaaéfmﬁukﬂmeaguuﬁugwumaammL‘fJu
93¢ 2 vauzuldviud AsilaenndastuuuAn sednsiiduindoudaetoya (Data-Driven Organization)
981971934 Fe1IheURURNMTUaEHIENIUHUNAYNS

2. Ao tinenssuuuud Uty (Tiered Architecture) uazunuMYas WMS UnAa
dugfsanPnonssy 3 sefU (ERP > WMS > ASRS) dananisidetlsifuinnuduiaveanmsysn
nsluilfeginisidonsie ERP 14hAU ASRS Tnenss uiegitunumuewenduasiainats Tasiawis WMS 7
st e vde avwuiden” nseAuTelussfuiie antmenssudnuasiaing anubangy
(Flexibility) Tiuasdnsluszezen iszesinsaunsaUsuldeuansaus ASRS meduinsaesduves
ERP lalnelainsznunseiiteusiodnilmilsegnaguuss msulail WMS sanansavimiifiudamdassning
Tulgf dAevihladdyihlinsasyuiianudu

3. TeiFeUfUR: nsasuiidesuadlinsuisas winan1sideasdinifiusyloviinnme uf
avvoulifiudsnuimeiiosdnsfesinnsanegiesounsy msefvselulssiuiiie fuimsfees

a v v

nsysannsEiiy lasein1sufsussha (Business Transformation Project) lalldudlassnisdndedndns
duladt (T Procurement Project) audnsalildduay fumaluladiiadaaviiiu wituegsu ns
U33n5LUA BuLUAY (Change Management) n1silnausunnany wazn1susunszuIunsvineuli
aonfuiuszuulmide sunuiigdutiausnisiesgnussiduiisuiunaneuwmuanmsamu lussey

817 NIl ULIYRINTARAUNULAZNN TS lENEN19gsAa LY

d5un1seiusie

uamiTedldlinmiidnaudn mysanns ASRS wag ERP iusnnninisifeudenianada
widumsaiszuvinadeyaiilisesde dudunnguddyuesnsain "adsduddaaios’ uasnansu
Tosdnsingnisidu "esdnsiduindouseteya Idogrsanysal wadnsldlifieausdsuigmas

o

'
Y

Intunddudl undsandendnaninliesdnsanuisoudsduldogredsduluinsugianiiaiiingg

Wasuwlaseg19379152

JYDLEUBLUZAINGIUATY

1. daiausuuzieUfjia (dwiussAnsuasguivnig)
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dmsvasdnsiiaulathantinenssunmsysanmsiluldou msinnsandidunsmudeiauedeelud
iierfislenamnudsuazanaindes
. msﬂszLﬁuﬂfnuw%faml,az'mLLNunaqwﬁ‘ (Strategic Assessment and Planning):
1. psfnsmsudumensUssdunssuiumsinutastu Wessylymaovan
LLaz?@ﬂizﬁm%mwﬁugmaﬂwﬁmLﬁ]u
2. fesmvuadmang e samuliaennaediunagnsnIegIng W Aeansan
szgzandnds, andunuusanulussesen

[ -

4 o (3 & o/
o MsliaudRnUYaNALITAINGNS ¢

]

LY

1. Wilavesnruduangiszuu WMS fufussdnsnisdnidonsonduasiidaam
gavgu awnsauTuudslildriunssnemsviinueessdunls wazsesiuns
\Fouserugunsailivainvane

2. nsidendSumunuiera1esEu (System Integrator) fifiuszaumsallumsys
QN1SIEUUTENEI (ERP, WMS, ASRS) tluliadeitdayesnads

. msu?msmswﬁ"ﬂuwmLLazmiﬁ’ﬁumqﬂmﬂs (Change Management and Human
Resource Development):

1. asfinisd eanshindnaunnsedudrlad angranazaududulunis
WasuuUas ileanussiny

2. fesdarhununmsiineusy (Training) Wiewmunvinuelvalliiuninauy Tawnse
auswiunalulag SaludilaegresiusednSam (Wu nsaruALaLasEUY,
nsuilatlymidesdiu)

2. dareuauuzdmiun1sidelusuan
desisenasdmminnauideil dnideluewenmsinuilulsadusielui
o nsUszanalddsyeurUszhivg (A waz Machine Learning:
Anwrgunuumsth Al sndaedadulaly WMs Tiiarumigaainiu Wy nsviuneaudonisdudi
(Demand Forecasting) 4t a3 na1duN1sTALAY, 15U ULUA sudunansidndnedudiuuulauin
(Dynamic Picking Path), n3an1sungesnwifianensal (Predictive Maintenance) dwiugunsal ASRS

! L ad
o MsYsINTTIAUmALUlABaY 9
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Fvanrinonssufidudoutu Tnoysannis dusudiadeudisnlusi® (AMR/AGY) ua¢ Internet of
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Abstract

This study investigates the application of the AIRQUAL model in assessing and enhancing
airport service quality during technology network disruptions that often lead to flight delays and
cancellations. By integrating AIRQUAL dimensions (Airline/Airport Service Quality Model) with
operational resilience strategies, the research aims to identify key factors influencing passenger
satisfaction, operational continuity, and airport collaborative decision-making (A-CDM). Findings
are expected to provide recommendations for airport authorities, airlines, and stakeholders in
developing proactive mitigation frameworks to minimize operational disruptions caused by

technology network failures.
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Introduction

In recent years, airport operations have become increasingly dependent on complex
technology networks that integrate flight information systems, air traffic management, passenger
processing platforms, baggage handling systems, and security operations. While these digital
infrastructures are designed to enhance operational efficiency, their growing complexity also
creates vulnerabilities. Technology network disruptions, including system outages, cyberattacks,
and failures in software or hardware components, have emerged as critical factors contributing to
widespread flight delays and cancellations across global airports.

System outages often occur due to technical malfunctions, power failures, or software
errors within critical airport systems. For instance, disruptions in airline reservation platforms,
check-in systems, or flight information displays can create cascading effects, delaying boarding
processes and ground operations. Similarly, failures in baggage handling or aircraft dispatch
systems may extend turnaround times, leading to further schedule disruptions.

Cybersecurity threats represent an even greater challenge, as airports have become high-
value targets for cyberattacks. Cyber incidents such as ransomware attacks or distributed denial-
of-service (DDoS) attacks can paralyze essential airport functions, jeopardize both operational
continuity and passenger data security. Recent global events highlight that even a short-lived
cyber incident can ground hundreds of flights, creating massive financial losses for airlines and
inconvenience for thousands of passengers.

Hardware and software failures also remain a persistent cause of disruptions. Legacy
systems, outdated servers, or insufficient redundancy mechanisms increase the risk of
breakdowns. In cases where backup systems are inadequate, even minor failures can escalate
into major operational crises. The interconnected nature of airport technology networks further
amplifies these risks, as a disruption in one subsystem often spreads across multiple functions,
magnifying its impact.

The consequences of such disruptions are significant. Flight delays and cancellations not
only undermine passenger satisfaction but also impose substantial costs on airlines, airports, and
associated stakeholders. According to aviation industry reports, unplanned IT disruptions can cost

millions of dollars in operational losses and compensation claims. Moreover, recurrent disruptions
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erode passenger trust in both airlines and airport management, potentially affecting long-term
competitiveness.

Given the increasing reliance on digital systems in the aviation sector, airport technology
network disruptions pose a critical challenge to operational resilience. There is an urgent need
for airports and airlines to strengthen their technological infrastructure, enhance cybersecurity
frameworks, and implement proactive contingency planning. Understanding the link between
technology disruptions and service quality degradation is therefore essential for developing

strategies that minimize delays and cancellations while safeguarding passenger experience.

Objective

1) To evaluate how AIRQUAL dimensions affect passenger perception during airport
technology disruptions.

2) To identify strategies to reduce flight delays and cancellations using AIRQUAL
framework.

3) To propose an integrated service quality and resilience model for airports.

The objectives of this study are threefold:

1) This objective seeks to assess the relationship between service quality dimensions, as
defined by the AIRQUAL framework (tangibles, reliability, responsiveness, assurance, and
empathy), and passenger experiences during technology-related disruptions at airports. By
analyzing how these dimensions influence passenger trust, satisfaction, and tolerance toward
service interruptions, the study aims to uncover the critical factors shaping passenger perception
in disruption scenarios.

2) This objective focuses on developing evidence-based strategies that leverage service
quality dimensions to mitigate the operational and customer service impacts of airport technology
failures. By applying the AIRQUAL model to disruption management, the study will identify
actionable measures that airports and airlines can adopt to minimize delays and cancellations

while maintaining operational efficiency and passenger confidence.
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3) This objective aims to synthesize findings into a comprehensive model that integrates
AIRQUAL dimensions with airport resilience and operational continuity frameworks. The proposed
model will provide practical guidelines for airports to enhance service reliability, strengthen
technological resilience, and improve crisis response mechanisms. Ultimately, the model aspires
to contribute to both academic literature and practical applications in the field of aviation

management and airport collaborative decision making (A-CDM).

How Enhancing Communication, Reliability, and Responsiveness Can Reduce Negative
Impacts of Delays/Cancellations
Flight delays and cancellations caused by airport technology network disruptions often

lead to dissatisfaction, frustration, and loss of trust among passengers. Previous research has
demonstrated that the way airports and airlines manage service quality during such events plays
a crucial role in shaping passenger perceptions and mitigating negative outcomes (Chen & Chang,
2005; Park, Robertson, & Wu, 2006). In this context, three dimensions of the AIRQUAL model—
communication, reliability, and responsiveness—are particularly critical.

1. Communication

Effective and transparent communication significantly reduces passenger anxiety during
operational disruptions. Studies indicate that timely updates, accurate information, and clear
explanations regarding delays or cancellations enhance passenger trust and reduce perceived
uncertainty (SITA, 2019; IATA, 2022). According to Jeeradist, Thawesaengskulthai, and Fujita (2016),
communication is a decisive factor in managing passenger perceptions during irregular operations,
as it provides reassurance and a sense of control even when service interruptions cannot be
avoided.

2. Reliability

Reliability refers to the ability of airport systems and staff to deliver accurate, consistent,
and dependable services. When technology failures occur, reliability is tested through the
effectiveness of contingency measures, backup systems, and operational recovery strategies.
Research by Tsafarakis et al. (2018) highlights that maintaining reliable flight information and

ensuring operational continuity through redundancy mechanisms substantially reduces the



82
’J"Iiﬂ”liﬂ"liﬂwﬂﬂ’]iQﬁﬁ"l‘WﬂiﬁJﬂ’]iﬁu (KBU Journal of Aviation Management: KBUJAM)

Ui 3 atudl 1 (wgennAL-BavnAY 2568) ISSN: 2985-1645 (Online)

spread of network delays. Similarly, ICAO (2020) emphasizes that operational resilience,
supported by reliable IT infrastructure, is key to minimizing cancellations during system
disruptions.

3. Responsiveness

Responsiveness reflects how quickly and effectively airport personnel and airline staff react
to disruptions. Prompt assistance, rebooking support, and alternative travel arrangements are
shown to reduce passenger dissatisfaction during delays (Fodness & Murray, 2007; Bezerra &
Gomes, 2016). Empirical evidence suggests that responsiveness in service recovery—such as
offering compensation, providing amenities, or arranging alternative connections—can mitigate
the negative impacts of cancellations and improve perceptions of fairness (SITA, 2021). This aligns
with findings from Park and Cho (2020), who note that responsiveness in crisis situations

strengthens overall service evaluations and fosters passenger loyalty.

Integrated Perspective

By combining effective communication, reliable operations, and responsive service
delivery, airports and airlines can reduce the adverse impacts of technology network disruptions.
These dimensions not only address the immediate needs of passengers but also contribute to
long-term trust and resilience within the aviation ecosystem. Thus, enhancing communication,
reliability, and responsiveness should be seen as strategic pillars of airport service quality

management in the context of disruption recovery.

Discussion

The findings of this study highlight the significant role of communication, reliability, and
responsiveness in mitigating the negative impacts of flight delays and cancellations caused by
airport technology network disruptions. Consistent with the AIRQUAL framework, these three
service quality dimensions directly influence passengers’ perceptions, satisfaction, and trust in
airport and airline services during irregular operations.

Communication was found to be a critical determinant in reducing passenger anxiety

during disruptions. Transparent and timely updates about flight status, the causes of delays, and
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estimated recovery times reduce uncertainty and help passengers feel more informed and
respected (Fodness & Murray, 2007; SITA, 2019). Prior studies confirm that passengers are more
likely to tolerate delays if they perceive that information is accurate and consistently delivered
(Park & Cho, 2020).

Reliability emerged as another essential dimension. In disruption contexts, passengers
value the dependability of systems and recovery mechanisms. Research indicates that airports
with robust IT infrastructure and redundancy strategies are better able to minimize the spread of
network-related delays (Tsafarakis et al.,, 2018). Similarly, ICAO (2020) emphasizes that building
operational resilience through reliable systems is fundamental to protecting both flight schedules
and passenger confidence during technology failures.

Responsiveness was equally critical in shaping passenger experiences during delays and
cancellations. The ability of airport staff and airlines to quickly rebook flights, offer compensation,
and provide assistance significantly reduces frustration and restores a sense of fairess (Bezerra &
Gomes, 2016). Park and Cho (2020) further argue that responsiveness in crisis situations positively
affects long-term loyalty, as passengers tend to remember how disruptions were handled rather
than the disruption itself.

Taken together, these findings reinforce the notion that effective management of
communication, reliability, and responsiveness is not merely a reactive measure but a strategic
approach to disruption management. Integrating these service quality dimensions into airport
resilience planning can strengthen collaborative decision-making processes, minimize operational
inefficiencies, and enhance passenger trust during inevitable disruptions.

Conclusion

In conclusion, enhancing communication, reliability, and responsiveness offers a practical
pathway for airports and airlines to reduce the adverse impacts of delays and cancellations
resulting from technology network disruptions. While disruptions are often unavoidable due to
the increasing reliance on complex IT systems, their consequences can be substantially mitigated

through effective service quality management.
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Airports and airlines should prioritize:

- Investments in real-time communication systems to ensure passengers receive timely
and accurate updates.

- Strengthening system reliability by implementing redundancy and robust [T
infrastructures.

- Enhancing responsiveness through well-trained staff and proactive service recovery
protocols.

By adopting these strategies, airports can not only reduce operational and financial losses
but also safeguard passenger satisfaction and long-term loyalty. Future research should expand
this framework by exploring cross-cultural passenger expectations and integrating advanced digital
technologies, such as artificial intelligence and predictive analytics, to further enhance resilience

in airport operations.

Theoretical Implications

This study contributes to the academic literature on airport service quality and operational
resilience by extending the application of the AIRQUAL model to contexts of technology-driven
disruptions. While prior studies have primarily focused on service quality under normal operating
conditions (Fodness & Murray, 2007 ; Bezerra & Gomes, 2016), this research emphasizes how
communication, reliability, and responsiveness serve as critical determinants of passenger
perception during irregular operations. Furthermore, by linking AIRQUAL with disruption
management, the study provides a conceptual foundation for integrating service quality
frameworks with resilience theory (ICAO, 2020). This advances scholarly understanding of how
service dimensions interact with technological vulnerabilities to shape passenger satisfaction and

trust.

Practical Implications
From a managerial perspective, the findings underscore the importance of embedding
communication, reliability, and responsiveness into airport and airline crisis management

strategies. First, airport authorities and airlines should invest in robust communication platforms
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that provide real-time, transparent, and consistent updates to passengers, thereby reducing
uncertainty and frustration during disruptions. Second, enhancing system reliability through
redundancy mechanisms and [T resilience strategies is essential to minimize operational
breakdowns and prevent cascading delays (Tsafarakis et al., 2018). Finally, training staff to respond
effectively and empathetically during service interruptions is critical for service recovery and long-
term passenger loyalty (Park & Cho, 2020).

For policymakers and regulatory bodies, the study suggests the necessity of integrating
service quality frameworks into airport collaborative decision-making (A-CDM) initiatives. By
aligning service quality principles with resilience planning, stakeholders can develop more holistic
strategies to safeguard passenger experiences and reduce financial and reputational risks

associated with delays and cancellations.
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