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Abstract

This academic article explores the potential and applications of the Google Earth Engine (GEE) platform for
large-scale geospatial data analysis. It analyzes the challenges posed by the rapid increase of Big Geospatial Data,
which has made traditional desktop-based processing methods insufficient. The GEE platform, a Cloud Computing
system developed by Google, solves this problem with three core features: a massive and readily available geospatial
data catalog, parallel processing that significantly reduces the time for analyzing large datasets, and a code-based
environment that provides flexibility and reproducibility.

A review of relevant literature and research highlights GEE's pivotal role in driving research and development
across various fields, including land cover change monitoring, water resource management, precision agriculture,
disaster management, and climate change studies. Although GEE is a powerful tool, it does have limitations to consider,
such as the requirement for coding skills, reliance on a stable internet connection, and constraints on the spatial
resolution of certain data types. In conclusion, GEE has the potential to become a key tool for advancing innovation
in geoinformatics, and this article provides recommendations for future developments to enhance its efficiency and

reduce barriers to use for a wider range of researchers and users.

Keywords: Google Earth Engine, Geospatial data, Big geospatial data, Cloud computing, Geoinformatics

Introduction

Tulaniiaqii fayaiBsiudt (Geospatiol Doto) Tnaneifiunishulinyafifidsnniign Tnagnsausasann
s TRTannvane g aneneanafien nwdiseinainiremBALdy (Unmanned Aerial Vehide: UAVs) diasa
sngunsalszyfidauulan uadeyaanngunssinsmadasing o Usniamesdiayamaniifaduedssiniouas
soifisannanefiu foyadeluiinuining (Big Geospatial Data) (Loukii et ol., 2022) GeralfiAnaautianig
atinInFaEnITlATEALIURANT davendarensiuag uunssRausesdyana asaintiadidndaudid
maUszsaanauazLAdafuiaya vinlinisiinasiioyaauneummatie dilnaiuazndnensduaunnn
(Shangguan et al., 2017)

fadnfnanspanfiamesuunAuan n1sszitanadoyaidsiuiianningdeliainn savinHasned
UszAvsnm naUsziaananwdisaafieniifianenatemalud vionsiinasidoyaaynaunaiidaans
audunge deslinamaisdurionaedad daintinasdnaulandanisindduduluatiedduas i
Uszansnm Aeawmail walulafnisuszioanauuungsius (Coud Computing) 1138 N3 TALENSNEHENNTNY
walulad asaumariudumesiin ﬁa\fﬁLﬁﬁmﬁuwmmﬁqﬁm?ummﬁﬁﬂ@ymﬁ (Das et dl., 2019) Tag Cloud

s o o e

Computing azpURNdINIsUszsanauazn1sTaiuiayad Wildndnin vinligHemaunsnyszaanaioyaomin

ey lFagnesaniBauaznandu (Shimard et al., 2022)



Y

1158193BINTNBNTAMUNINIANTIHTINUA (JSID) DA 7 atudl 2 wauniad — Fmnan 2569 | 3

A finganang Google Earth Engine (GEE) TRdanisainuluguunanneiupaadiiannuuusnlagianny
Amsunsisziiioya Beiuiiamnaing) (Gorelick et al., 2017) GEE Bliflwecaandiuas (Software) usiifinszuy
a = o/ 4 1% @ o g A 1A ' = 1 '
fAmsUsrianaiinsnas Selszneufssuanmienieya@einiivunainfigawimilaesdan W nmdngan
AqLfies Landsat, Sentinel W&z MODIS) 398 89AE 895 8 d 1915 UN19U SN aHARLLII1Y (Parallel Processing) 71911 W9
AIHTORATIA BRI AN Duustaz A D Res (1dfiundl (Sangeetham & Reddy, 2024) Foeinouantin
WiaNH GEE Segneliinddn Wntnenmand wasinimmnanansndinfeuasdszananalioya@oiud et Givaed
wneu TnguyannaAdeiifendy GEE AlHSUNTNeINI T TILars THUaEaNAILA T W.A.2558-2565 (Pham-Duc
et al, 2023) uaPN M Figure 1

unANHRTngUszseAnanifiednsaauardinanzinisuUszgnd Funanweada Google Earth Engine Trenu
Anszioyadeiniiagnaiivszuy Tnaezuamslidindednaninees GEE tunsufiilamiidudentlanilaqiin

=8 o o/ 1 p A dl v 1 1 a dl g b %
sanfleanadauedangrsnistiauiivannans g o W nsfiamuniswasuuasdeuanden n1sinens
waingin uaENISANTSARIIR wananil tmAnuseArsziteruimmneuaziasndniidnfny sandennsd v

e lsintuanaeuasnisFunannasni alule: eI s nddauaznianemmn isanenfifisndessa U
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Figure 1 Published articles and accumulated articles from 2015-2022

Literature Review and Relevant Research

Geoinformatics

QRENTEUWA e Aamsiiysonniamaluladsnsanmadntugienans esiwsm dafiu nsed uaz

4 & A . = °o_ v ] < o 1% o -4
uanINalDyaBI WA (Geospatial Data) vEBMTNdayaULlanuisrmineswnUssitanaditgsruAanames

WalFans0uin U unnsreursuasdnaula [Fatneilse/yanin (Cambell & Shin, 2011) TaenfiunnsHanHa W28
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waliladnan 3 u A ssunassumenReans (Geographic Information System: GIS) N95u3anszezlng (Remote
Sensing: RS) WazsvLLAmMWasnwaLilan (Global Navigation Satelite System: GNSS)

1. SLUUFTRUNANRFERAS (Geographic Information System: GIS) A 5rUUABNAIADIFINTUIIVIIN
Faufu 4anns Amsk uazuananadioyaBeiull esioyaBeruiddmundasRdadumimenfimans Tns
donlesiudioyanoidnuog wisdoyausseny vinliaunsavinanadnlanuduiusrasioya Aunsziualin
nailAenuas uassinanlaFosnsfiszAvanim Uia et o, 2017)

2. n1a5uennazazing (Remote Sensing: RS) Aa maluladfilinisliandliayaidsaduingnia
Usngnisalsing o Taeuseeinansdndanenianimlaenss Tnaeidanauusmdnmidudanissowsaiuin
faynansrezing W awdneaafiasmdanindnevnsennas eriarArasiuazinaansdnladeduing
anmuandion vdeniswaesuulasiAetvuslan (Waghmare, 2017)

3. szuuiymaswiksunlan (Global Positioning Systern: GPS) A sxuLsimnedasmafiesiinnfedoyay o
naaienetision 24 alasssonlan Weszydumbimmenimansiuinginiulan §lasnsoszyRin
axfgn uazaavagaras (Hnaon 24 42lue Tuynaniwannia wenand SasuisnAsanAaEe fanng uas
g e THTunN TG Vil Aamsmaindewiivesing waslitansdoyadeioumdau ¢ Tuifaqiiuszoy
GPS gﬂL%ﬂﬂdﬁﬁtﬂﬂﬁxqﬂﬁmuuﬁuiﬂﬂ (Global Navigation Satellite System: GNSS) (Grewal, 2011)

Google Earth Engine

Google Earth Engine (GEE) i Cloud Computing Platform 7 (#5unsssnuuusnineaniziteudilaymaaisdin
yemeanadamaasinnsiioyanfasaunenning Tassedneiugmmas GEE Samnalamsuuazusnsinggn
ABnatazananauunAvAnad19dngs Taedeiduedesdonsmasilidiniunnmesienuituazdulan
(Planetary-scale Geospatial Analysis) (Gorelick et al, 2017) Figure 2 LAANFANTIALNTTHIDIUNAANDSH GEE g
UszrnanauagdinsiiioyanisgRrmansuasnosmima WefnusnngniseidogUuuuiifsuluiuiionn
Tajann i vy videsilan fsnisdsziaanauuuungsne Sslpenf manmsiilasfinoududeunay

Faalinsnennadurenfawesagamea Fainlulilfesinuuasesnsniaunedvialy (Drisos & Trigka, 2025)

Google Earth Engine

X% % HTML
= JavaScript / Clojure
Imegery Climate CSSs
—. Python
E@E ‘ﬁ %ﬂ E:« 1 Google Maps API
Climate S8 Topography. = Visualization / Export
S
Data catalogue 9
© o
) Request
S Result
2 esu
s
a

&
Processing platform & \)

User Interface
(Code Editor / App)

Figure 2 Google Earth Engine Architecture
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msfvinli GEE iuasasilansanassznaudapanianifnan 3 Usznns
1. LLﬂmmﬁﬂﬂ%’ﬂuﬂmmﬂT%ﬂ;j (Massive Data Catalog)
& o . < o v P g Y o a
wanenAsndayares Google Earth Engine (GEE) iupasdayaBeiuiiiilfsun1sssusanuazdnszideu
sthaduszuuienisinasiiuseiulanlesmnie Tnefidneaeddny (Amani et al., 2020) fa
1.1 Anunainnaneeesdaya unannesyn GEE 59U59N I8 a9 INNAEUNaInT AsauAgNivdaya
AN gy WK deyanindigainanaiien Landsat fiawnaalfisanssei 1980 dayasnaafias
Sentinel 84 European Space Agency WAZI1NANILIENEN 111 MODIS N1flAd1naziBgmzaaangs sanileliaya
Usznnau iy fayatuanngauuuRaYia (Digitl Elevation Models) dagasnmainiauazgiannie dayatlszaing
wazdayanisinums SegndnsEenBugiuunndentiem uazamnsaGentEBinglae ifawunszuounsdanis
Foyailasdiuiadin vimamagdradoya (Dataset Categories) nanuas GEE aunsaagU(#tu Table 1
o v o o/ ! ! pry o & P o ! s
1.2 naUsuliinaieegedeiiios foyaluunnadenazlfisunisusulqendeananeninsey

=®f v ' v

mslassasmadien vnlianmsadnfedeyasgaldnaaniaan Geilaauandyagedeivamiifasnisdeya

U

VA o =1

wUAEEDINAFe 1Ww MsRnmnAeRTR vBensUssdnsasnsnianiin
1.3 nadiniivagnegzaon IniTeasnsadindeliayaiansaru GEE Code Editor Tagl¥ns@anléind
[ 1o @ v o ° 4 3 ¥ = = ¢ ! o
Tigennn wazlisndudosnailnandeyasiuansinnaremanluduiivlilueniesnauiones degonls
Uszndanan vinenns uaziuiidaiu madinfeliayasdeazanilifiuiiadadndavinlé GEE uansnwanndsnis
a cv g A & A ! Y o A o ' = a ¢ A v PSPy ' & A
AnaeilieyaBeiniiuuuaain uazgaeliinideamnansinsAnasiuasfinounadns et

2. NMFUSEHIANALUUYKNK (Parallel Processing)

AngUszraanauuLawialadAeyivin i Google Earth Engine (GEE) FNTRIANITUAZAATILIEDY A
Beiznaivey Fegiidsz@nsnmmiland A madszananauuunaisftinesfiamasdouyana Taenannis
AensulsemnisUszananafidudenuasinamueanfindondes udnihliusznanansaniulmanamio
Uszaaana namfe winflunananedu GEE aztimisulszananaientumsUssinanatieyanmdiaadfiesiondy
FepnalFnamuunaneduseduaid GEE azxutnndnzawinivaienaiasaniindanan q udanszansluds

a A 4 = T oy A o ° v o oA ' = & 2 v g
AENRIREIHLLAS DI AT TiaYa89 Google WBYINNNTATUIMNA BN DUARZIARBILTLHIANALRITRY NAANS
d\Ey o o & o g D] 4[ Taz "Eu "E ' QA A A
lfargnarusanndusnswfuiunadndgaving lag [Eambinubasslinivaaduni

AENTANTUzIRaNauLLTW LR AR ATy et 19 EEmS LI AR A e iuszulan Taanng
fiudiayapunaaa (Tme-series Data) Aislamabiaysnn o wu MewssinmawasuuasiniivnEialandewmas
T 40 B vBansAmmAndsgomgRRalananiayasneiu intigamsei bifesimnafisaiudediindmigs
Us2Haanarn9gn3auasrnain3asannfiameidauia uazssanlamniznisaduunsasuaznisiinndeyals
BEfiNd W 9ATEY89 L et dl. (2020) fienduunannedn GEE Tunnsdanaiiuiilunasiflesuauguusiiued

WULBHNTHIIRIFTEEE19971IN 30 T annn ndnga1aifies Landsat unn9aENLUUTIansnIAUlareE g

v
o

A o A ! o A dy s dl o/ a dl /' ra 4?’ ! o’/
Tnaflifvsnatunsimmnflesednedsdu nefl nsUsudqawsniisziuginiauasunmiilanin Bifin uUessin
\HesannduuuazaueIniun1ssusangaiag aa nSuRAndL sanfe arnfemineinslunisAiuenia

UszanBnm s iugedmsumsUazinanan e 1mansn
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3. siuf @ lFauazanuadenn1s@euarauUst (Code Editor and Scripting Environment)

Google Earth Engine (GEE) [#5un1snanuuunnfiadindinsizdannnsndinfonazilszaoanadayaid

Hdi atadamdurinunis@enliainas FauansnsenlUsunssyssanddimssuumsaumean R mansuuURaANd

WiunnsTF e udaus ez auiug T§uuunsaflin (Grophical User Interface: GUI) AasantifiinanudnAnylu

NSV NIRBENES Aa

Table 1 Google Earth Engine Dataset Categories

Categories Description Example Datasets Primary Use Cases

Atmospheric Data related to the ERAB-Land, GOES-16 Weather analysis, climate
atmosphere, such as air change research, atmospheric
temperature, humidity, and correction of satellite imagery.
precipitation.

Climate Long-term climate data, WorldClim, TerraClimate Long-term climate change
models, and historical records. studies, ecological impact

research.

Elevation & Data on the earth's surface SRTM (Shuttle Radar Hydrological analysis, route

Topography elevation and physical features,  Topography Mission) planning, studying water flow.
including slope and aspect.

Human Data related to human GHS-SMOD (Global Human  Urban planning, food security

Dimensions activities, such as population, Settlement Layer) assessment, social and
agriculture, and urban environmental research.
settlements.

Imagery High-resolution satellite Landsat, Sentinel, MODIS Mapping, land cover change
imagery from various sources. monitoring, general remote

sensing analysis.

Land Cover Classified data on land use and ~ ESA WorldCover, Global Land use change tracking,
land cover types, such as Forest Watch deforestation assessment, land
forests, agricultural areas, and use planning.
water bodies.

Weather Short-term weather data and NOAA Climate Prediction Tracking rapid weather events,

forecasts, such as real-time

rainfall and temperature.

Center

disaster management like

floods.




Y

1158193INTNBNTAMUINIANTIHTINUA (JSID) DA 7 atudl 2 wauniad — Fmnan 2569 | 7

3.1 NavszHtanaT B avsuuazy3uusie T faudfaléin (Code Editor) 289 GEE azyinemmuiuandiaes
Gt tiinAduaansoattuanisuusidumanmannsiFadwazden Tresnsdunidoyaamnuasaien
watng) axnsadenamnilsiiuntsUssiaarnannnateuUD wazasaduaeis (agorthm) nnsAlAs1Lsii
Fudeuliisatvdass memsnsadeuldnintinmarmsiasnsadiunaenlinuanadoimniseseidy
wsiazUszmFegneBansniin

3.2 N9ig [Fuaznnsvinasanii Taaaunsanisieuaadus (Scripting) S9NaiaNt19aUszHaaew

¥ing[# (Reproducible) agivusingn Sndqeaanansaudsiiuldnpdendunstinsed inudauls feesgaalviou

arnsninlUlsznanaiioyas e tiudunadng vaesneiusutinuisyaluiuiaulfeseazaon uaneind

GEE £199895UNT19V 913 AT LMLNaRNa S HReniu vinlHfsadaausanmuLas iy [ lEar1a9soniulFasd 198
UFE/NTNN

o [ o & v Y a % dl o @

3.3 ﬂﬂmwmmﬁumﬁ@mmmmdmmmsf‘mm ﬂ%?.lﬂ"ﬁl,‘llT—_l‘lﬂ:ﬂ@Wﬂﬂﬂﬁﬁﬂﬂdﬂ’ﬁﬂ‘jzu’mwﬂﬂﬂﬁN‘Llu

41 [ 1o ) v o/ & v 1 a o 'y

WwiEBLHYTe (Server) 284 Google I laeima TmﬂfumLﬂummmqﬂmmmmmmmmjﬂmwmﬂmqmﬂmqmumﬂfq

BAFBDIABHRNADSVBIAMLEN Lﬁuﬂfl‘iﬂﬂﬂﬂ‘ixﬁquﬂ‘%/Wﬂ”lﬂ‘ié/ﬂLﬁ‘l_l%mj@Tﬁﬂﬂ"‘ldﬂﬁﬁﬂq@ LL@ZﬁWTﬁﬂW‘iVTNW‘L&ﬁU%@N‘JN

seaulandulllEfoawraasnaniowasia il

Relevant Research

Google Earth Engine (GEE) iiusdasilodndnyfivasbiiraduasnsniinmsitangnsolsing 4 tuszdulan
Thegneflusz@vBnm arnaaansniumsyszianadayasnnannarsnn ey GEE gnihulilunisinuuas
Ansuszifndadnyseiilanvanesinn Tnsienzetnsdsunnsamunian Asuassn g feinie smiddsiies
Honsen et dl. (2013) il#n wdaaina1aifies Londsat N1 650,000 AW HIUazaAaHALY GEE iABFEILHT
pmazBEngeRiuanentan s asesinBinlandaustt af. 2000-2012 Faeliinddumunsatszfunanszn
rpenainanetuaz UL sanne [Fasnausugn 7ol smAduees Meng et dl. (2022) fiRsanIUAELIRg
angRannimrasunassannlandsldsadeidundaydudagnainainnisasangaessnsiiunds GEE a3ns
prsdinlangsdasuifetuw HinneawasuuaaesssiudanduieidydmsunissBalounsmaimen
atediaiiu uazneAiiunatiasiudamiiislonsanumanienusanesssiudeiRming

GEE afumumdndn unisussifudeRiifuaznsnussufioaaiunissignidudefadeftfinig
s9sHRataiviaavEa i $1Adenes Ghouri et dl. (2024) ¥ GEE iipiszananadieys doya SAR 910 Sentinel-1

g

LA ATNITOES WA UV Fasguinen Tagainngnlssfluauidennefiifneninvian wEanyisaasny

(2 '
=

ADUEN30INYIINTENAe T 18 RaMNAN 2565 T4 28 RINNAN 2565 KANITANEAINUINIBUARYIaNT AT
Tnessnofie 759,642 18NANS UAZSIMINLTLANNTT HSUNANTeNUTAL5E M Ms1WIN 663,797 AL WBNANT
IUAT8299 Ebadati et dl. (2024) f9aN1TRamkarUsERuHangzuann i TuUszmewanian il w.e. 2566
FeaBrapnRernapgnsnnaeRewInden Tnsmnnzednedeienesns BagnasinguazsanEaufie i unnsussmm

AR ENEUATAHNEN NN I sHteY FosniadsvinanauuuRaasiues GEE anndieyanin Sentinel-2
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TufiunnsnneusuuaznnsanIs3nens GEE Tﬁ%ﬂﬂﬂ‘iﬂﬁ:ﬂqﬂ&ﬁ%ﬁﬂ maRnsnsnsEARualan uay
MaTAMaNENEINTI ﬂﬂ‘iﬁ’lLLNuﬁﬁldﬂﬂﬂ@qﬂﬁu (Land Cover Map) AiflAnmaziBengs 17 Ta9n1a Dynamic World
T3 GEE Janriuiinyaannmaifies Sentinel-2 uazmARAN13ELSIB9AN (Deep Leaming) ilad unnlsziannsth
ArulFatrsusug vinliasnsafnaunisasnsdiroaflonaz s @unanssnuiiniasn (Brown et d.,2022) uag
Earth Engine Data Catalog las9n19 The European Space Agency (ESA) WorldCover F N Google Earth Engine API
Fosneninoew faedayauazyunindnaseees GEE TunmafamuniaiAsulasnnsEaantuszaulan Earth
Engine Data Catalog, 2021) WBNaNi GEE 9798 T aRAm NI WHW WA RIAY 1B NeasTURATEaTUN
ielsnfunnaAsuulasesEinein fedmamdidyetisiianianusunialivinginalunianenangas
wasvaeETIAEades (Ghorbanpour et dl., 2022)

gaving unaaviad GEE fafluvumdndniiunstssfiniiivanisinumsuasaanasunageenng ids
amn9a T GEE TunnsdnunnuszinnanauaslasfinfinfimnzUgnTussiug fnavdessiusuna Taelidoya
ayNNNATRBASLILTIaDY MsLlszinmntanananfisna Fafulstleminddsstannsaoumleunedin
BWNIUAZANITANISRUYIM (Handoko et dl., 2024) wanandl GEE safhueasiietuniarinanudnlaanmundasty
Was TnsinwzagnsBanisfnaunisasnedageadas wazmsfnelangnisolinzaudenluilos (Urban Heat
islond) Baifinimyaiugmdmsinasenuuuilesiiunaimnnesnedsdn Tngsamuda e Tinaeidiumamasy
nadsdatnsliaansaiinmsiuasinnnudnlalansess hmannnansff Fadnsfussavdamuazsanidands

as ol

e (Gadekor et dl., 2023) Pham-Duc et ol. (2023) aquanen193deiits GEE Tudasdaust T w.m.2558-2565 uamslss

Figure 3

Decision Sciences: l%g,/othcr Fields: 6%

Biochemistry, Genetics &

Molecular Biology: 2% ~———— ‘
Energy: Wo —
Physics & Astronomy: 3% //
7/
Computer Science: 5% /

Engineering: 6%/ |

Social Sciences: 8%./

Agricultural & Biological/
Sciences: 12% 7

Figure 3 Google Earth Engine Research Fields
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Application of Google Earth Engine in Research and Development
v . a Y & A Il @ 4'
naUszanel¥ Google Earth Engine (GEE) TunnsAasnzidioyaideiiniiouatng Tnsmwnzludsadui GEE
TAdnsmanlannisideuaznisimmun wataanen [Hud n1sneas n139an19mineInssssusi n1sAnen
nsiaguulasaningAenie uaznisdaniaieRt® Faduswiiuandfifindednanmaasunannesnly
madszaanadoyaluszsiulaniivss@vanmifegauiade Figure 4 uansguuuunsUssand i GEE Tuommdusing o
1. MAUAEULURIBIRIUNAgNAN (Lond Cover Change) 11 9113981984 Honsen et dl. (2013) Ua Liu et dl.

'
Tﬁlda o P

(2020) iusinatindilnmnaaentstd GEE Tunsfamuniswasunisstififuuarmssenasaeaiies Wuieaiy
Chen et dl. (2023) ‘ﬁ@lﬂ@ﬂ&lﬂ’?‘jmﬁlﬂuLLﬂ@ﬂﬂﬂd‘JZUUﬁL’JﬂTﬂﬁIuﬁﬁﬂ‘lsﬂm;l:Lﬂ’]‘?.CT"V’J"Zi’m Usemieian Faensyinunmiins
n3vaEFaIBIanINULIRR e Anen InelEAnnazBaBeiug 30 was ananafien Landsat uazUsHLAw
ANTNLIREENNNTIAAVENGIUsT] WAL 2528 B9 WA 2563 nansAneLdn nsiaachiinTnsusiazsyay
Ao mRILIndesysRneAveuan BHifiudanmuandesmeinine usinnzlasmslaeia Ui Hinanas
HANNSANELAASENINTNIIRE BT FANEnT Au Fen nsuflAendasiunisaene siaeelasuaznsimm
w%wmﬂﬁmﬁvimﬁmﬁfuwgLﬂmmzm'imw@?wﬁiyﬁi@m'ﬁmqLquﬂﬁﬁT%ﬁﬁmm:m‘;mﬁmﬁﬁ'qmeﬁfﬂu

2. MN3TANTINSWENNT1N (Water Resource Management) dnunnsdaniansnennsindunszuaunisuoy
NATINLAZEANENNNS TABIReTBeUNIS2 WA NSRRMT N13NT2ane LavnNTAnTsnswennTin e ssdadn
ﬁﬂ‘%mmmz@mmwﬁLﬁmwmi@mwﬁmm'ﬁﬂm341,}199;1Lmzﬁxuuﬁmﬁﬁmmﬂmw AaLg U UN159mAnTS
AoIAENEN o 1B ion Feude uaznsthatien Wmsnevdn Tiud nisussgaassiunsmaiiinsasneia
ARNENHN9A STHATEYE9 Hosan et dl. (2024) uansBidiudantauszendld GEE Tunisiszinomnminuaz Bano,
yinhunziaay Mead mumfiwmlﬁ'@ugn@% Sqmnnan Uszmeansgawinn husaziewiiusrezinan 3 Aausit]
WAL, 2564 9 WA 2566 NANIEANENIINNISAAATN Uazidn uazdanstigmdnnanauasaomnmvEnengii
wan B AN NBE1 9NN GEE THAMTINIULHRNNTTANISNENEINTIA LarassasuiafuaAuiaig

Fn1sdanTaEnenngHndiena i el lueunae

Applications related to
Land Cover and
Human Dimensions

i

Crop mapping
L(
&

Water \ X 2 Geospatial
1 4 analysis
Natural Resources and Specialized and Technical

e

Nuclear non-

Figure 4 Google Earth Engine Application
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3. MINEATUNUEIUAZANEAINI9BWNS (Precision Agriculture & Food Security) isnnarinnumausiuga
dantnaufigmmanusiuamnsaimadaensianananfians Usulqalssananimniaimineins wazifis
iwdesnmuazardanguniehwinddgunmemnsiaamalulad fnaunaniv W ndieanaifies stoussy
Fumdsunlan wasifyaissing TinsAmadanisiniimsgniussiuanden doebiasnsadnaasi o uas
sngiunaFiatnngegn danalifunnmanananaiarananasUdaRILaien Sainefigaudiazinsiguni
29T lanT AnHe ANANY FOTLAT ARV FaBtTeIHATE9S Handoko et dl. (2024) AmMUNARNESH

nafnmnRENTInNian GEE andeya Sentinel-2 uuuanads ielinsasauanmityluaslululsln Ussmedgls

) o

nadws FetayadeAniuatilaneiuarguamasieiifddmsunaomiunmanun s

4. n199AN19A8NIR (Disaster Management) 9143481289 Ravanashree et al. (2025) LA LA
ANNUszAvBnINYEd GEE Tunnavinusuiisinvianfison Sauazusugnviustaaanunisel foedunenisuasyatioya
sdinfinannviany i WARANNSUSTHIRHANTI SANBATIHNNGELUSHBIARDY UL SRS ULUTTRBNENN AN
saunufiayanndigananaiiey %gu‘ﬁmd@qu\i uazdoyanegnilesdne annduteummmaiiaiazananion

Temaasdoya augUiudnenmiunisinuamiuilygnssfviuaznsimssideyamnning a1mnsn

k1)

v '
o A s O o

#NILAUNAYNTNITTANITANNITEIIINUIYIINLATNNTRIBNAENS axuarn 155U et udeRTRYIYasialan

Trenan1fAdeingn Widuiarnuddninissanisusrussmndef® nainusuiiiwianfifaudfeyed 198

' v v

'
a a o/

sgan1ainasitintannadssuaznnssianaEnd il oiinmgnieoii L‘iumm’ﬁyuﬂﬂﬂmqme‘gmmmﬂ?ﬁ
Sulpsnanmsiasnassniwgfenne

5. nsAnEINsAsuLAYIn A RBINA (Climate Chonge Studies) Henmfiaangaia ww i uas
sivian fsfinanall aiAeuulasaningfennirsziulantuaniidenns Motiee et ol. (2024) 710 GEE fampngnds
ﬂiymmimﬁlﬂuuﬂmgmmﬁGi@m‘ammmmﬁmumﬁq‘sﬁyﬂﬁwuqLﬂunﬂﬁ:LWﬂﬁwém 9 ndeya MODIS
LupaTiEs Terra ddtl Wa. 2543-2565 uazdiayagomgRindfinRalananetl (ERAS) AAnszianmgRannieia
Tan (Global Climate Reanalysis) wans T FudndeUsunofinzanedazaouitensfitugas 20 Dfnuun uetdunsliis
naanases AsafiszInagalnsian: hansggen daflusuanassiessiuinnshasnngine uasdia

1 dl ! . v 1 ! 1 gl v 12' 1 g’ = -4
ﬂﬁziflﬂ@l’ﬂmﬂ\‘i@]ﬂﬁx‘iLL’]WN@N@EJ’N?%LL?\? (i Lm@ﬂu’??‘u%ﬂﬂﬂu m‘ﬂm%muum LATITULRNA WNaAWD5N GEE

Yo A Y =R

gaetiinddudinfelioyadioumdsuaramnsaiinssideyaszivlan afinmnuazyinaandnlanansenuoes

naAsassnmgRignnialfisgnsaungs

Challenges and Limitations
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unannasy GEE Hdadnfiananfinasaflslnaanizilinguneiulusunsslssgndasaumagimans

q
| 1

wwusads fAe Aanusdntunis@euldnmnds (Coding Skills) Tunnsaean GEE AildRdaulszanuewiugly

o a

UULNSIAN (GUI) AATHIIFan19ARnAASLTWunan uadasmninuniayineumiu Code Editor fidinsafeiney

'
°© o w

A5 3euldnAfasiaan1en JavaScript %38 Python d1m5U L%ﬂﬂef%%mjmmzﬁ@ﬁ%’uﬂﬁﬂizmaNﬂ Taganauin
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atinalsfinn GEE Alenanatsznaumslfemuaziatslindsiidondnoanysel uasdlHnuaianen
Bes [Afaanues santienasir Al uaz Large Language Model (LLM) sy GEE Fernaaihwindefinadangneda
Tuilaqii WossnansnsadasanguassaddninandsunanessgalElnenss Ussnisusnamnsndasan
@qﬂm'ﬁﬂﬁmmﬁ@ﬁﬂﬁmﬁﬁ@ (Coding Barrier) #ain15T LLM 1% ChatGPT %38 Google Gemini fsnsavinmsindiiin
dgaalun1si@eulfin (Code Assistort) UszniasioninisdszuoanaliayaiBedean (Complex Data Processing):
nasznanatiayansgRansaueiiduden n msswinlasnvatneigsnaadies (mage Classiication) %o
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Abstract

This research aimed to design, develop, and evaluate an internal audit report status tracking system, with
a case study at the University of Phayao. The study employed a research and development approach based on the
System Development Life Cycle (SDLC) and was developed as a web application. The target group for this study
consisted of 12 individuals selected through purposive sampling: 6 system users, 3 information system experts, and
3 internal audit experts. The research instruments included three types of questionnaires: a satisfaction evaluation
form, a system efficiency evaluation form, and an innovation quality evaluation form, all of which underwent Content
Validity assessment by experts. Data were analyzed using descriptive statistics, including percentage, mean (x ),
and standard deviation (S.D.). The results showed that user satisfaction with the system was at the highest level
(x = 4.64, S.D. = 0.62). The overall system efficiency was also at the highest level (x = 4.95, S.D. = 0.08).
Furthermore, the innovation's quality met the evaluation criteria of experts, with an Index of ltem-Objective
Congruence (I0C) of 0.92. In conclusion, the developed system can effectively enhance the internal audit tracking

process at the University of Phayao and is considered a high-quality, practical innovation.
Keywords: Tracking system, System development cycle, Internal audit, Internal auditor, University of Phayao
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Conceptual Framework

| Input I | Process I | Output |

1. Concept of Information

SDLC Process 1. Application : Audit Report

System Development Life

Cycle (SDLC) 2. A prototype system that

. 2. System Design
2. Concept of Strategic E> E> enhances the efficiency of
3. System Development

Plan Control and Evaluation internal audit tracking.

Status Tracking System
1. System Analysis

o 4. System Evaluation
3. Concepts and Principles 3. Evaluation results of the

of Performance Control and . -
system's efficiency and user

Monitoring satisfaction.
4. Guidelines for future system

development and extension.

Figure 1 Conceptual framework for the research
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Methodology
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ARRWINTD 250 - 349 mnneAINn TLAULNNANN
ANRASYINGTL 150 - 249 WHNEANIA RN
ANRAIWINGU  1.00 - 149 MmIEAINTN ﬁzﬁuﬁﬂﬂﬁqﬁ

msﬂ‘s::La?lu@mmwu'ﬁ'mﬂ‘ssmm%é’ﬂ INaNIANTNUSERNE AN BAARDS
(Index of Item — Objective Congruence: I0C) Prangmook (2018)
WunsuUsziuanngi@asrnydinensasasunia e fifdszauntsallusiumisnnndt 5 1

U9 3 A IASLULABLDINILN ARSI AT UM G5

NIz THensinmin +1
gnlsiuila THAsimsin 0
ANz THAsimsin -1

LTINS INATYRURANRNIE ANALRANEaAAREY (10C)

'
£ ° a

#aANNNTIRAY I0C Asus 0.50-1.00 MHIYANNGY  HANIN IMHIZAN i

#pAnndifidn 10C find 0.50 veANgn FeaUsuuge SetHGITH

Results

MIRAUITLUURAATHENTUZSENUNANITATIaaaUNTa Tl nstlfnen snidnendenzien Hguuuy

WIINNTNAHNLENFWIS (Software Development Life Cycle : SDLC) Tunnawsmmnszuy definszuannissasie (U
1. HANTISABARULSEULRARITNANINESIE9TRNANTSAsIaRaUnTe Ty (IningUsrasAden 1)

1.1 miﬁmmLL@&U%’UU@%:UWWTWJ

{aselifniiunisauduneunisideidedansnzd TaeEuduanmsfineuazsousanioya

6
ffsndosminszunemauinedunseungy Seszneusis

1.1.1 nMsfaaszidiayaanszuLaGa

fAsuTRinnn T s ilasfiATIsinarLaunainenn SupauniaUfifem uwunesy sudey
uaztlszniasing o Alieg tusruisuiiaqiiu ieviaansdinladslassadnsuasindndmesssuuifnatnadngs

uaAlHAs Figure 2
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Send work

via Facebook Complete

- Submit a report
S x audit report
Submit/Edit Report Messenger Approve/Edit Report

~ N, to the President
884Gl S BB —
— mE
(@.) (@ (@} Head of Internal President
AL

Internal quditor

Figure 2 Traditional submission process

1.1.2 A15ATILAUATIBNRUUSZULU TN

nisINsITLATE LA tiayaIInnazLIunI T ANLEY §ATeTiintayamaTan T
dufiugmlunisiirasiuazeanuuuazuusin Traliauddyiuniaiinnudnlaienazuaunis
vinmluusiazdounnsiden Tnedadunaunisugifiens wwunasy sufey wazUszniafiAniosd

19711979 uaASIARS Figure 3

President

- View report

- Follow up on work progress

Internal auditor Head of Internal Audit Unit

&

- Workflow documentation

Internal Audit Report

Status Tracking System Approve/Edit Audit Report

- Follow up on work progress

- Submit/Edit Report

- Follow up on work progress - View report

- Workflow documentation
- Submit/Edit Report

- Follow up on work progress

L))

Internal Audit Team Leader

Figure 3 Overview of the new system workflow

1.2 UHIAANTLUIHNTTAAMINNTTRINN
A58 [Feanuuun WA B LI AAN T LINNITRAATNN TN TIHIBNTEULRARINAD WS

1ENIUNANTTATITRE LN I (Tracking Processes) IEENGES Figure 4
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CONCEPT OF INTERNAL AUDIT REPORT STATUS
TRACKING SYSTEM OF THE UNIVERSITY OF
PHAYAO'S INTERNAL AUDIT UNIT

START
2302-2023 23-02-2023 10-03-2023 13-03-2023 20-04-2023 09-06-2023 REVISION 1
09:30 10:00 16:00 09:00 14:55 10:10 09-06-2023
10:10
o\ 2 DAY 24 DAY . 37 DAY . 1DAY‘
Opening Meeting Conducting the Faculty of Science Audit the Report  Supervisor Reviews  Auditor Receives
for the Faculty of Faculty of Science  Audit Completed Findings and 1o the Supervisor for Audit Report Faculty of Science
Science Audit Audit Preparing the Review of the (Approve/Retumn for  Audit Report for
Internal Audit Summary of Findings Revision) Revisions
Report for the and the Faculty of i 1 DAY
Faculty of Science  Science Audit Report
09-06-2023
11:59

Complete Audit Report

END JOB

Figure 4 Example of the submission tracking process

1.3 A19aanuuy Flow Diagram
AT Fiaue AR MH THN9YI19TH2 899 UL LAYEBNIULILNKANNATZLINNNTYI N4 (Flow Diagram)

U
PBITLUURARTHANIUTTIEITHNANITATITBUNNY W LABUAAN AN FHAUS AL TUABUNITVNIUD B
uARzEIN Laas AR Figure 5

Flow Diagram

User

Internal Audit

‘Supevsor Intemal
Aut Executive
sAanvafimiy Calencar
|

i H i ™

wARIMIBY

Calendar

Calendar

" T
s Action Plan

Dashbcara

[Fimeline msdsauf

Py,
LanmrivAuY

(Timeling msdissm

Dashboars

Ao Noti

uasors

yes
wiakamsiSouds
o

—fmimomst |—{ |

Timelne nramm

[ 8 Nati

Wrwhenanay

Mot
Butumsdor

N /K Ves
: i =

Update Timeline

Figure 5 Work Flow process Diagram
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1.4 AM9DBAUUULUNKUATNUZUN (Context Diagram)
A1INNNSANEINISNINIUIBITTUURARINANINEIETHNAN1IATa e Une Tuuaziinya
ﬁj‘f%mu AA9a Finn1seenuuuwarAngIsissuufA9Y WNWAINLUZUY (Context Diagram) Houans
A3 ARNARNIWE I szuURU e ngusing o [Hun sinesaeseuniey, sanifiuesaeasy
ne, vantimdaemsaaseuniet, uazfuimns
wrnwuaaa s ssy dnuazdpandeyasznineuusarnguiuszun Teefigguaszuy

(Admin) imfinfidanisuazguassuLeEaineaaniawmasuan@innes uanslins Figure 6

Context Diagram Level 0

Internal auditor » Head of Internal Audit Unit

- Work Calendar -~ Work Calendar

- Submission Timeline ~ Submission Timeline

- Work Process Information ~ Work Process Information
- Submission Status Information - Request for Delays

- Report Review Status - Submission Status
Information ~ Report Review Status

- Report Information - Work Process

- Dashboard - Report Review Timeline

- Report Information

- Dashboard

\\
- Workflow information ( 0 | - Operational calendar information

~ Submission status information

- Report audit status information
lg—

Internal Audit Report

-~ Request for postponement information

Status Tracking System

- Workflow information - Add, delete, and edit data
/ Search for dat
-~ Submission status information N 5 - Search for data
A
- Request for postponement information - Work Calendar

~ Submission Timeline

- Work Calendar -~ Submission Status Report
- Submission Timeline - Report Approval/Return/Edit Information
- Work Process Information - Various Report Information

J Administrator
~ Submission Status Information

- Report Review Status - View the operational calendar
Information | = View Inspection data
1 - Report Information - View the submission timeline

Head of Internal Audit L= Dashboard - View report data

Team - View inspection statistics
: Executive

>
-~ Work Calendar

~ Submission Timeline

- Work Process Information

-~ Request for Postponement Information
~ Submission Status

- Report Review Status

— Work Process

- Report Review Timeline Information

- Report information

Figure 6 Context Diagram Level O
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uHunNnNs maresdiagasyAufl 1 (Data Flow Diagram: Level 1) @msiinasaaasuniabuiiesand
iiwnensinavesdiaga (Data Flow) uaznszuaunsUsysnana (Process) MAndunialuszun Tnsumunm
WAAIATNANR NIz IumAS A (Source), unasdmifiu (Data Store) uazUaaniszasdiaya Fwinlfifia

prndnladalasesdnesnsdnnistieyanasaianszuaunisUfifeunsasssunialu uansliss Figure 7

Data 01

Operational colendar infarmation

Data Flow Diagram : Internal auditor Data 02

Submission Timeline Information

Data 03

Data 08 Workflow information

1. Opening meeting for the oudt

< Data 07 2. Begin the oudit

Data 06 3. Comglete the oudt

4. Prepare o summory of findings (cudt féing)
Data 05

le Data 04 6. Prepare the oudt report

" 5. Close the audit
Internal auditor

Data 03 7. Suberit the oudit repon to the supervisor Review
f——

Data 02

8. The oudit report has been reviewed and completed

Data 01 Data 04

Request for postponement of work submission Infomnation

Data 05

// ‘ “\ Submission Status Information
\ - Recelve docurnents for editing
Data 03 1
- Submit @ report to your supenvisor for review

Data 04
Data 05 Internal Audit Report Status

- Receve the completed reviewed repart

Data 06

Tracking System

Report Review Status Information

- Supervisor receivediwalted for review
\ / - Retumed for correction

. B g - Repor passed review

Data 07

Report Information
- Audit Opening Meeting Report

Data 03 J Data 03 | | - A Closing Meeting Report
-

>
Head of Internal Audit Unit | Data 04 Data 04 | Executive
le |

- Audit Results Report ofter Completion of

Review

Data 05 Data 05 - Complete Audit Results Report
w >

- Monthly internal Audit Summary Report

Data 08

Dashboard

- Manthly progress of work (%)

- Number of units oudited completed on schedule
- Number of days spent on oudits

- Summory of units requesting postpanement of
submissicn

- Summary of complete audit results report

Figure 7 Data Flow Diagram in Internal Auditor System (Data Flow Diagram Level 1)
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HAd87in1399 LU IHEBY AT ULRAAAINANINEINENTUNAN1IATI9EBUANa T Fae Entity

Relationship Diagram (ER-Diagram) ST OULARUHUATNAIHANYE29d83a ER-Diagram A3 Figure 8

ER Diagram for Internal Audit Tracking System

Audit_Plans

+ plan_id (PK)

Departments

+ department_id (PK)
- department_name

- year
- plan_name
- status

is audited in contains

A
Audit_Plan_Details
+ plan_detail_id (PK)

# plan_id (FK)

# department_id (FK)
- topic

lgenerates

P T Lo

Audit_Reports

+ user_id (PK)
- username

- password_hash

+ report_id (PK)
# plan_detail id (FK)

# created_by (FK)

Audit_Workflows

+ workflow_id (PK)

- workflow_name

- email - report_code ~
- first_name - report_title sequence
- last_name - status
T —
performed by has history has Is astepin
Audit_Report_Histories
+ history_id (PK) Attachments
A - A # report_id (FK) + attachment_id (PK)
has assigned to # workflow_id (FK) # report_id (FK)
N # user_id (FK) - file_name
- changed_at - file_path

- comments

+ role_id (PK)
- role_name

Permissions

+ permission_id (PK)
- permission_name

Figure 8 Entity Relationship Diagram (ER-Diagram) Internal Audit Report Status Tracking System
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1.5 NMTBBNRULLASEILNZNE (Server specs)

nspanuuulasead1a@iniond (Server Architecture) THNMITNAHITZULAARINAN U IILITHNG
mamsraseunsty §iduliesnwulassaiagsnesifesnsiunisineseesszuy Taeldlusunes Visual
Studio Code (VS Code) Tun1si@auszuufiagniun TypeScript uazl#lusunss phpMyAdmin Tun1saauas
gdioya MysaL Trewdsnnsyinesesnidu 2 daumdndoil

1) Database server @Lin : CPU Intel(R) Xeon(R) Silver 4114 CPU @ 2.20GHz RAM 8 GB HDD 106 GB

2) Web server @idn: CPU Intel(R) Xeon(R) Silver 4114 CPU @ 2.20GHz RAM 8 GB HDD 106 GB

Tasesdeilgnaenuuunnifeusasnanuaiadisdumesifin uazfinsdinuanisenisdisns

foya (backup) iiudlszamnifleniaaulsensiteesdioys

2. HAMSRAMISEUL RN ARz TERRanTssaRaunell (s iRgUsraedied 2)

2.1 NMspanuUURIRAnfal [Hu (UX/U))

sruulasuniseenuuulaediudanfindeglien (Ux/u) Alfndnsuazfiuszaniaan
\amauaussandiasnisesfiinman Thud fudnsuazyrainstumesiunsaasaunialy Tnous
inannisvineasnidu 5 dan [Hud wiesfquaszuy dmiunssruazdaniasdoya, ninaamminds
m3nagaune iy dnsunisiufindeyauardminsnesuativanysel, nineeinasisasunisly d1m5y
matiufindeyanianseaaey, winasamtimicansssauniely dnsunisiamunaiafinatiuazias
ADIMTINLNTN UASMTINGBHLENNT AIMSUNNRARINIIENIHNANTIATIEBLLATANaANTTIIW AT IN

uaAS LAY (Figure 9 and 10)
STULBOMUEANUSIHVIUHAMS

O asj>oasumutu ~
3Ww4 2
{(Audit Tracking System)
Dashboar
SHaru Aushasinu upnumsdnduviu

mMsya1L3oudVV U

msavou
HLilaTlsuasudaTwld

uuuwosuooulau

SEESLAVUNISOSIDIDUKUDILV W

Figure 9 Login screen Figure 10 System operation menu screen
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2.2 ASVINRBILBUNRLATH
mavinueesuetninduuiseanidn 2 49 Usznaudiay d9uuanisdanis (Back-End) uay
AMuaRIHA (Front-End) fineazidendail
2.2.1 #94U3N159AN15 (Back End)
winasyasianiimiianseeseunie iy Fesadsuffiunisanfineunsosaeudszdnd uay
Fan1afanasunianaaeaautuyguFiuntadsuinem Tnadimued weu 9 aesfiu, Favesinaseasy,
miresunaas Taafmuniaunguianasy, Suilunnsrsereurssusasmitesungaa, diuasiederanti

fiumsnaaey Wnesreaauniae il uaTin AU uAlY SAAMFUNNTATIaREL UAAYFFY Figure 11

Ufiun1saiiuenu (Action Plan)

M Auxet Up Section 3 vitumed R ™

pEETSL e e e 3 2T =

e  WuWIAY 1 a573 UfHun1sANTELIIU (Action Plan)
e VLAY 2 Auniufiiunmsaiiveu (Action Plan)
nuay 3 antlnan Ujiunisaniiuaiu (Action Plan)
e wu1HaY 5 au Yfiiun1saiiuaiu (Action Plan)
e WuIwIAY 6 unly Uffiunmsaiuiu (Action Plan)
Fsvdgriunisetiiusu (Action Plan)

1. naduasinaunnu

Figure 11 Create an Action Plan

wanimiaanseasaune a3 ANMNS8NMIRNHLAZeRIANTANINeNTNASIe IBY
el uazianihiinmsaaseunietulfindrfiuszansnn Tnaffedtuniseyifuazdoruud lariwszuuls
yiuf Bannsassnnusiazaisazinisuuindionanstusuiy Word Ssantimsaensaaaaunialuaianen
arsflnaniiouflauardenduldiFuRnseulilnanss sneaziBeaniainsasiedduiduanlHa

Figure 12
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msdoviu

Home - msdvou

Y

S:UUANMIUANIUSIBVIUNANISASI0doUME U (Audit Tracking System)

nonssu

0S20CNULHU

AS2DMUUAHU

msdadodadwuaznisusk 1SWaq
0S2MULAHU

msdaiuswld Mstiusnuiiu uanisthdvidu
misdafiadndwuansuskiswaa
MSLIUSAENTU
msﬁnﬁoﬁn.’n\)na:msuEmSWaQ
MSUSKISYONISIASVAISUKEVHUMIBUDN
MSUSKISTONSTASVANSUKAYUMEUDN

n1s$0§a$o$1vua:n15u§n1sﬁaq

amu:

Figure 12 Submission screen for internal auditors and internal audit team leaders
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wanand Fanseanuuuntines (UX/UI1) dmsusiantinnidasnsiasaunis saainisadanuay
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4 UWA e 8w b (i TSUWENUNAUKIINENAEW: LEN
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6 uWaAY, ww ey anUuuionssuuasaenaainatulad
7 UWAITH W 1 e amuuudonssuuazaiwnoanalulad
8 UnNA L B amuuudonssuuazaenaainaiutad
9 UThe = iy wn NOVUSKISVIUIDY
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Figure 13 Performance status of the head of the internal audit unit

| Lwmmmhnusuianais/saasialanadis

doauuily

SILNUHIUNITASIAFILUAD



34 I The Journal of Spatial Innovation Development (JSID) Vol. 7 No.2 May - August 2026

2.2.2 HIUUNAINA (Front End)
Tudauuanana (Front End) fAdeldesnuuuWiniiusnessszuuuanmiealugluuulfan
A WenaneanurnisnsaeaeulugUuuuLUfivsedew (Monthly Calendar View) Seuansdioya
ddgyfinmualagantimisansaaseunialu THud §5uRameu miaesunsas fiansss waznsaulaan
mMaviemiiuAnAeanszULRinasea AN UST Al SWAR (Color-Coding) BuiliugaisuBeuinnsss
~A o = A o @ = & A o o = PN
2BNTTULTIRBINEN WauansrauzaNimieeswuuuEea i Traflagnserauiuiinnsufifiem
Tuusiaziunen saurunsUfivezdsndlnednlui® e fuamsnefensfiafiagssninedifinnis uazavn
=2 a A & ¢ v o ! ! ¥ o o ' ¥ A ° o
vnafenisfiafiadaanysoludn nalnssnanasanaliiandmisensaaseunisuuazdudmsansnsariiu
= 4 & v ' 4 < =
AamnANTieeseHlunIWaan (Overall Progress) TRagneaanda iugusasy uazanpauasImARDY

Tuﬂ’]ﬁﬁl’ﬂﬂ”li (ﬁ\iLLNﬂ\?T‘H Figure 14)

stuuGamuanIUEswVLLaNISas2oaouMmutu (Audit Tracking System)

2567 -

= fonssuABesvu/dvsiwviutivesou 6 WGou/linousu/asooaouiay
® = Fawdiuasooasy
@ = fonssumsasaodioas
® = Sudubunis /o853 9nIsNsI9E0U

© = asooasulatodu

weulnu U0SRO Wuao wnoanodaunm $whéh UeEIS0 M UWE0sRAN atull: UVERASE VT
RREEUNU wARasserond 1RSUSs R NFESUNU WARgSS I
2 an 2566 - 6 an 2566 =5 3u} {2an.2566- 6 an 2566 =5 5ul 2an 2566 -6 an. 2566=5 34 {2 0~ 2566 - 6 an 2566 =5 5ul {2an.2566-60a 25

an. 2568 :

NDVWHRIOW DOV NOUASY NINLLTU

8 an 2566 - 31 an. 2586 = 17 3ul B A 2566 - 31 ana 2668 = 77 5u) B an 2566 - 31 aa 2666 = 17 &) {8 an 2568 - 31 an. 2566 = 17 Sul {90 2566-31an 25
w.o. 2566 AOEWSVIRALA:TOUDCAU AEWETRIA SIS0 ARELNENAA0S ANRNSRNSNE ALUANSUAEN
(1w 2366 - 30 w.e. 2366 = 22 5u) (1 wes 2586 - 30 wee 2608 = 22 5u) {1w.21 2566 - 30 w.o. 2568 =22 5ul (1 wes. 2566 - 30 ves. 2568 = 22 3u) 01 v 2566 - D we. 25

TEURELNEU RN LT RO UOUWNEFNENE FoafUANEMans nIoAdy
2566 {1 an 2566 - 8 s 2668 =86 5u) (1 an 2686 - B an 2566 =6 Ju) 1 A 2666 - 8 a.n 2666 = 6 3 (15.n 2666 - 8 5.A 2566 =6 3u}
sA.

TsvwernauneniEve e TsvnerunALDnenimeLEn TsowenausnIne o TEsowenunaundneniewnen
(12 an 2666 - 23 un 2567 =30 2 12 an 2586 - 23 ua 2567 = 30 34 (12 s 26565 - 23 un 2667 =30 2 (2 aa 2668 - 23 un 2667 =30 24

MOVURRAW mouaww EsvSsumnSmuendnendowisn

24 un 2567 - BV un 2967 =524 (24 un. 2667 - 30 un. 2667 =6 2 24 un 2567 - 30 ua 2667 = 6 3
ua 2567
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wananHszuuliRnisiduntsfinninaaiugnisufiiuiugduuuidunisnisines
(Timeline) MluananaNTwuwW Setaaliiamiimmienstesaunieluuaziudnsasnsofinauaannfinamin
rasnsufiRemliesnafinassuuasiniem Tnsanunsadndeieya Fan myuUfiunisdiimm amien
= . . o ? o ¥ A T [ \ty o = g
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FRUBYANITUFAINA ULAASIHAS Figure 15
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MWSOUMSATUVIL TSYWE ALK IBNENAUW:LEY

Timeline : Rakthviu

® - swnuanisasacaovadusEal
Ly e——

@ - Linsomuusar

]

50 - 3w 2567 1719w

LonsSUY © StatusdddBeBI0-1117-4fdi-s5

80z - SWOWHILANSOSI080UAD

Timeline UVsAN Wuav

Ll
5l - 3 we. 2567 1022 .
AONETSILY
wau 1 Su
iDamsasaeasulivambow
asumu
Fwou15u

Suil: 3 we. 26671022

10ASISILY | stalusddoBoBio-

aous - Zuseuibumisaey

numofu

0 Rodowdow dvsipounisussgs
amsasseasuliari

Ge-Bdbct

Timeline LUASO MUUE

<

Timeline UWaRUuNM $WAY

Su - 21 w2567 16119 w

WU 29 Su

Swou 21 5u

1HNESIUL

Folisedon 1SUGUMS0sID

5UA - 2w 2667 1629w

Snou 130

Swou1Su

LOASISULL -

Q Rabodon UsguDan 80830

3 2 ww 2567 24 u
1BNESILL

Figure 15 Timeline display screen
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Figure 16 Internal Audit Supervisor's request for postponement of work submission screen
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2.3 NMSUAPSHATILITHUATNGR
srUURFSUnIenenuULIR BT f A AN URATELLAZAARNAINAY 289 UATIT AL
metulfndnefiuszansnan Tﬂﬁﬁmiﬁ’uﬁﬂﬁﬂgmﬂwmﬂuﬂqu(’fuv;m?umuﬂmﬂi:mumi (i AUTENG
LazAngaRs gy sanimdngiufisnusanszndninisnsaasey Suelinszuaunisnsnaaeineiy
LaEEINITaAAAIN AN AN TU TR IR uLUEsa N (Timeline) wananil szuudefunaunda
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Figure 17 The screen shows the percentage of work progress
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2159815738115 N NITANEIRIBNTTHBINWA (JSID) TH 7 a1l

v

N ;0
Jusuduntslunisasoodou

Uvuus:uien

e _

0 20 40

2.4. nM1NAaNaUsTUY

o WEHNIAN — RINIAN 2569 | 37

Figure 19 Statistics screen for the number of days used in inspecting each agency for fiscal year 2024
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vinanulfistnelussAninnuazgnéiesnindngusrasfoasnisimundie 1) Unit Testing ifuntanasey

NUIULDLVDITLUY 12U ﬂﬁﬁﬁuﬁﬂ%ﬂﬂm@ﬂ’]‘jﬁl‘m@ﬂﬂuLL@Zﬂ’]‘JﬁWTﬂﬂﬂTWﬁ 2) Integration Testing tun9naaey

ANFYINIMUIINIUTENINTEULEDY 19U N1TRTITFBLANNGNABIYTRYAT1E9MUNALN Dashboards LHBLTeL

fUTTELIAINITATIIFBUIEI UAT 3) System Testing LHIUNITNAFBUNITNNINIBITEULIINNA e iwladn

WAUNRLATUEIN15OYI19U (H D198 U2 RNBATNBAL D AARDIAUINGL UL TINRNITNARDUUSLANTA 1D

szuuviamnnagU 3t Table 2

3. HANTUSHL AN ULRARNAAIHESIBITUNANISAFITNDUNE M (AnTngUsadief 3)

nan1sUssisuisennidiu 3 f THun Fupannfonaleveedtiem, fmlszannmessszuy uaz

ANUAUNINYBIUIRNTTN ASH

1) wanisuszifinaaianateasftion

Table 1 shows the results of the satisfaction assessment of the internal audit report status tracking system.

Satisfaction assessment issues x S.D  Satisfaction level
1 System Performance 4.50 0.72 Most
2 System Usability 4.43 0.86 Most
3 System Management and Performance 4.71 0.54 Most
4 System Security 4.83 0.61 Most
5  System Usage and Utilization 471 0.58 Most
Total 4.64 0.62 Most
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91nn19UsndneefFusiuan 6 an wudn aarnienalalagsanegussiu snndfiga Toad
AadY 4.64 wazdaubesuunnsge 0.62 Fudilfsuanufanalaninfignioninnlasadioyessyuy
fliAnde 4.83 uarAndauunnigiu 0.61 axvienliifiuinssuuiiamnsansuansssioauianisfimnis

Snearwlasnaisvesioys FatnediBos

2) NAN1ISUSLLANUSSANENTNBISSUL

Table 2 shows the results of the evaluation of the efficiency of the internal audit report status tracking system.

System performance evaluation issues X S.D Efficiency level
1 Information system efficiency and utilization 4.86 0.25 Most
2 Information system components 5.00 0.00 Most
3 Data security 5.00 0.00 Most
Total 4.95 0.08 Most

arnnsUszifiveesiideamadmaruumaaumadan 3 au wudd sruufidaangaanuaziy
wnfiga Tagfdindy 4.95 wardoudesuusinggiu 0.08 d9ulanauIBITUULAEN1T5NHIAY
Unaastasieyalisuntalasiiniussiugegn Saunds 5.00 uazudmeasnistislumianszuufiisy
masniiuluszdugaduii Sdunie 4.86 G9lMfudnszuusunsonouauesioaadasnisnsg i
wazuanaliifiuntneg sanndostuunIAnYes Delone’ and McLean (2003) Tianauuudiaasamudse
PDITLUUNITEUINA (Information System Success Model) %dizu‘fiﬁ ADNINYDITLUD (System Quality) wag
AasnInYasdiaya (Information Quality) (iniladeddniidinasenansionalasnsilfuaznisiezou
Uszlamd

MHAELAA 7151971 1-2 AnnAnIsuaAINHMHNEYRsT A IUAINs AU N RaneTe uaTaLAY

pHARinEBsgUssinUszAnanmensszuy TaeTHinouiseil Srsa-ard (2017)

ANRAIWINTL 450 - 500  ANAEAIINGN w"]’umﬂﬁqm
ANRRLWINAD 350 - 449 ARNEAIHAN FLEUNIN
ARRIWINTD 250 - 3.49  mmAeAINn FrAUUINNAN
ANRASYINGTL 150 - 249 WaNEANIA Nt
Auadewindy 100 - 149 MHIBAIINAY sviutipsfign

3) NANITUSELANAMATNIDINIANTTH

fmﬂm'ﬁﬂﬁxLﬁwﬂmEJ_:L%'mmigﬁmmﬁmq@ﬂﬂumﬂ?uﬁ?ﬁmu 3 Au WuI1 ArRatiAcHaanAaas (10C)
fAdviniu 0.92 FauanstiFudnssuuiaonmuazmnzan Tunnaludmnianaaaaaunisl dullans
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Table 3 shows the results of the analysis of experts' opinions on the innovation quality assessment

questionnaire

o o

ATUA 2 WaEAIAN - RN 2569 |

Estimate expert opinions

List of comments Person 1 Person 2 Person 3 10C value meaning

1. Appropriateness of the work process improvement concept +1 +1 +1 1.0 Usable

2. Appropriateness of the audit and monitoring methods +1 +1 +1 1.0 Usable

3. Appropriateness of the infographic presentation of the work +1 +1 +1 1.0 Usable

tracking path

4. The system is suitable for planning work and monitoring the 0 +1 +1 0.67 Usable

work status of internal auditors and the head of the internal

audit unit

5. The system is suitable for management to control and +1 +1 +1 1.0 Usable

monitor the work status of internal auditors and the head of

the internal audit unit

6. The system's language and font size are appropriate +1 +1 +1 1.0 Usable

7. The system is consistent and suitable for using the results +1 +1 +1 1.0 Usable

of the analysis of results/actions

8. The system is suitable for displaying data, images, and +1 +1 +1 1.0 Usable

content

9. The system is suitable for designing data +1 +1 +1 1.0 Usable

visualizations/statistics of work data at various stages

10. The system is suitable for the work development process +1 +1 +1 1.0 Usable

11. The system is suitable for the current situation and the +1 +1 0 0.67 Usable

problems of submitting audit reports and monitoring progress

12. Appropriateness for improving/developing a new system +1 +1 +1 1.0 Usable
+1 +1 0 0.67 Usable

13. Appropriateness for using knowledge and creativity

(Knowledge and Creativity Idea)

10C value = 1.0+1.0+1.0+0.67+1.0+1.0+1.0+1.0+1.0+1.0+0.67+1.0+0.67

13
= 12.01 = 0.92 (Usable)

13

'mqﬂ

a rd a = v A = a Py .
Nﬂﬂ’?‘i'ﬁm‘ﬁflﬁﬂﬁquﬂﬂWiu‘?.l’ﬂ\'iaL%EI’J‘D"I“EQ ABD ICUUNAHATN IHIZAN LLZ\]ZT%'T@ (The system is of

high quality, appropriate and usable.)
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Conclusion and Discussion
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A URNTTHYBITTUUATHUNWAILEUY (Context Diagram) wazununInnnsazesiiays (Data Flow Diagram
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1) Unit Testing, 2) Integration Testing Ua% 3) System Testing INBAUNIFARANAIALAZTAUNNIBIZDITEUL
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fAnninmuazasmsnzan waelilFase arnnanisUstifuitey usziusnnfigaluynastiduedosfigasid
srunfiimsnnainanieuliognedusrandnmuazeaussestednguarasdiae (3 #ea usddadada

AAYUBITTULTIEINTW AD 331ARNETHNTINNTAATZALAZLsTRWANNIERBIgN (Proactive Risk



Y

115819AINTNDNTAMUNINIANTIHEINUA (JSID) DA 7 atudl 2 wauniad — Fmnan 2569 | 41

! v o A & ' o 1% o/ PPN

Assessment) B9WATHNITIULHRLAZARIABNUIzIANNNIAT9aeuTuusazsa U aviasanfunaeRieves

@ o
UARINILLURAN

NKHANTATERazNTUsTfiniedin ansnefvane [fdinadniaresssuufnauaa e
Agnseaeunteiuil fifadedifyuiannnisiimsisinazesnuuuiidinlatlymiedeuiaduazdnnany
faeni19veefFeudugudnans (User-Centered Design) vinTHszuuannnsaufilatigmiuazandasdnelu
NITUAUNMIIIRLULEN Fadrensegn nisiaueisyanatnfinaninlugiuuy Dashboard waz Timeline
gaenfinaanuluselatunisufifiom dof fe vnliiantimiagnsisasunialuanisafinainuazuinng

[

@ a ¥ oA a P o v A ¥ = A v &
dannsemresiinfodefluss@ninamn sfieaiu fuinismansndntivieys Beaqufigndiesuazsania
= v o o/ Y4 1 % ' A o [ % i o @) = =] o ¥
WeldaduanunisdnaulaBenagns (Fed19inuvoed fin winnssnilFaiuadacdianisrineudan
namalulad Gefiedunisituwadn Audit 4.0 #U5uT#penadugUssss mnfl Dai and Vasarhelyi (2016)
Taviawald TnetiunisTimalulagfiaialunissulgnszuaunisnsaeaeu iy ssansainanntv uay
dinnalndrdnylunisenssdiudse@ndnan (Efficiency), UsANBWa (Effectiveness) WaZMAN§3541AUNA (Good
Governance) 2wiHinsI9sauNell Berpandoeiuainsg sl drdnnisnseaeunistaina
wazfidnenmiunnsilUdszgndlisuesdnsduifuduntndiAesiusialy
asUsTenALY
PN = = o & °
FTULAARHADINZINEITUNAN13AT9EBUNE N NIEANEINANeNden e lannsasin U
Uszgnd Elumdazamnsnsasunielueasasdnsdu o lagwnizuaniunisfinuniiddnuaenisnniinems
ARNEARITUNNANENAENLYN BnaAARBITULHIARYEY Ardog (2024) 7ilfasuna(3dnaanilnanssnesring

(Enterprise Architecture) iuiaBasilodfayitas iasdnsdintalaseaduaznszuannisvineul@msednulung

]
a vadd

UFU159N19119U28989ANT UAaTNITaNenanunILURA (Best Practice) 3n91989ANT N198BAKLLSTUL
Tnalimalulagiiaeandssiuninnssniuuduniiaqiiu uasnismilstionanndissniseeed Eemuiuddngri
Wsruuilaandanguuazanunsadsudnduusunissasdnsiiuansneduld wanendl nasudengs

{Meuiin 4 ngu Tud sinessassuneTunazianiniinnsaesaunielu, Wandimisanseaasunialy,

U

¥ A

A wazfguaszuy axvienliiiutonssenuuufidndiiclnssadrsaeAnauararsusunatedudym S
) (% @ ] ' 1o U1 1 o [ @ o o 4
dindneasyllaamiiigaiussnisuazesdnsauin e viniinedenisilUusuliimunsanduesdng

ABIALLEN

Suggestion
1. m‘aﬁwmizuu‘fugﬂLL'uuLmﬂwﬁm%’uuu@ﬂﬂiiﬁmﬁ@uﬁ (Mobile Application) tABLANAITHAREIAY

¥ =K
Gfuﬂq‘iL?I"lﬂ\'i

!
v o =

2. ArsansnnBenlssundinfussUaNsauMADY o 299NMANENSY W STUULEMNSAHIRDY
Wetaeunsdnanlaunisdeniadefiddnyunisnssessunis uluusasmiaean
3. AastiinileidunisAiasnzidayai3edn (Data Andlytics) tileA1AnTTalAaHIAe I3 B UM T

m\‘iﬂfymeumﬁmq@ﬂ@umﬂTuﬁm@Lﬁmfﬁugfuﬂmm



42 | The Journal of Spatial Innovation Development (JSID) Vol. 7 No.2 May - August 2026

Acknowledgements

k4
a oA & ' [ o

mAdeildngaqansFfasflaa Fsuymaiuayun1sidoanumianendenzien wazfadesnnsiu

q q
! ! = e <

10UNTTAETFE Ay NYiNuNT o 1T eeveunszAoiiiuatnegels fdiamansened AT NN
T99urg 9191987U3n B9 AlAngontiAIUE N unziuiene uazpsaeseuuflaiounnsasang
sATErlngnaen ¥9n3UrEINTEA F9AERT1973E A3 A5 Buaqaean seveinisuAdieulune
LAzUHY aAnendanzien Angontieiaueuusuazunanienisdniwmddeiiiulss Tomiagne
finsflaanounns Aoufrs weding dumsieindginnglaniaudnua defnaaniundnnasunisden
WANENAENEEN AnsuusiuAaduunARnsRnmaNanTUG TR Arananiiayaaaaum ATt

szl isianisiae

References

Ardog. (2024, March 27). What is enterprise architecture (EA)? A top guide to definition, process, and best practices.
From https://www.ardog.com/knowledge-hub/what-is-enterprise—architecture.

Chalermmeeprasert, C. (2003). Concepts in controlling and evaluating strategic plans. Chulalongkorn University Press.
(in Thai)

Chanpen, S., & Intharasit, T. (2023). The application of blockchain technology with IoT in the internal audit process
tracking system of educational institutions. Journal of Management Sciences, Nakhon Pathom Rajabhat
University, 10(2), 433-447. (in Thai)

Committee of Sponsoring Organizations of the Treadway Commission. (2013). Internal control—Integrated framework.
COSO. From https://www.coso.org/quidance—on-ic.

Dai, J., & Vasarhelyi, M. A. (2016). Imagineering Audit 4.0. Journal of Emerging Technologies in Accounting, 13(1),
1-15. From https://doi.org/10.2308/jeta-10494.

Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user acceptance of information technology.
MIS Quarterly, 13(3), 319-340. From https://doi.org/10.2307/249008.

DeLone, W. H., & McLean, E. R. (2003). The DelLone and McLean model of information systems success: A ten-year
update. Journal of Management Information Systems, 19(4), 9-30. From
https://doi.org/10.1080/07421222.2003.1104574807421222.2003.11045748.

Endaya, K. A., & Hanefah, M. M. (2016). Internal auditor characteristics, internal audit effectiveness, and moderating
effect of senior management. Journal of Economic and Administrative Sciences, 32(2), 160-176. From
https://doi.org/10.1108/JEAS-07-2015-0023.

Lenz, R., & Hahn, U. (2015). A synthesis of empirical internal audit effectiveness literature pointing to new research
opportunities. Managerial Auditing Journal, 30(1), 5-33. From https://doi.org/10.1108/MAJ-08-2014-1072.

Lumdee, N. (2018). Development of a research progress tracking system: Faculty of Science and Public Health,
Rajapruk University. Thonburi University Academic Journal (Science and Technology), 1), 71-80.

(in Thai)


https://www.ardoq.com/knowledge-hub/what-is-enterprise-architecture
https://www.coso.org/guidance-on-ic
https://doi.org/10.2308/jeta-10494
https://doi.org/10.2307/249008
https://doi.org/10.1080/07421222.2003.11045748
https://doi.org/10.1080/07421222.2003.11045748
https://doi.org/10.1108/JEAS-07-2015-0023
https://doi.org/10.1108/MAJ-08-2014-1072

o ot

1158193BINTNDNTAMUINIANTIHEINUA (JSID) DA 7 aUudl 2 waunAn — Fmnan 2569 | 43

McCumber, J. (2005). Assessing and managing security risk in IT systems: A structured methodology. Auerbach
Publications. From https://doi.org/10.1201/9780203490426.

Ministry of Finance. (2018). Internal audit standards and code of ethics for internal audiit of government agencies, B.E.
2561. Retrieved July 31, 2025, From https://Gudit.up.oc.th/Nﬂmﬁmm’ﬁmw@@umﬁ/. (in Thai)

Nilpeng, N., Worawong, W., Sirirojporn, K., Sinthubua, S., & Tuichan, U. (2020). The use of knowledge management
processes in education quality assurance operations. Journal of Social Science and Buddhist Anthropology,
5(10), 1-16. From https://so04.tci-thaijo.org/index.php/JSBA/article
Niew/243927. (in Thai)

Noidonprai, P. (2015). Creating an innovation quality assessment form to determine the I0C value. Suratthani Rajabhat
University. From https://freebsd.sru.ac.th/course/4012605-MULTIMEDIA-TECHNOLOGY/CAI/

I0C.doc. (in Thai)

Phetchsuwan, V., & Wongsingthong, S. (2021). Development of a tracking system for the internal audit process of local
government organizations using cloud computing technology with automatic notification techniques. In
Proceedings of the 13" National Conference on Information Technology (NCIT2021) (pp. 247-254). Faculty of
Information Technology, King Mongkut's Institute of Technology Ladkrabang. (in Thai)

Prangmook, T. (2018). Quality inspection of learning innovations. From https://adorablenan.wordpress.com/2018/
01/06/8-n"anT9aNaU-UsziiuAN/. (in Thai)

Rabueram, C., & Nanthawong, K. (2017). Weekly work tracking system for employees of Numplus Co., Ltd.
[Cooperative education report]. Department of Computer Science, Faculty of Science, Siam University. (in Thai)

Rattanathirakul, A., Chanpen, S., & Intharasit, T. (2022). Applied research on the development of a tracking and
evaluation system for internal audits for public higher education institutions by integrating the agile
methodology concept in system development. Journal of Modern Learning Development, 76), 231-246. From
https://s001.tci-thaijo.org/index.php/JMLD/article/view/261053. (in Thai)

Rogers, E. M. (2003). Diffusion of innovations (5™ ed.). Free Press.

Ruangsiriwattanakul, C., & Phongphanich, N. (2024). The development of an automated internal audit reporting
system using Al and machine learning technologies for large educational institutions. Journal of Innovation and
Management Science, 5(2), 88-102. (in Thai)

Srisa-ard, B. (2017). Kanwichai buangton (10" ed.). Suwiriyasan. (in Thai)

Taron, S. (2011). Project work tracking system: A case study of the data preparation group, Information and
Communication Technology Center, National Statistical Office [Independent study]. Dhurakij Pundit University.
(in Thai)

Thammawatcharakorn, N. (2019). Development of an information system for tracking external research funds of
Rajamangala University of Technology Thanyaburi [Research journal]. Rajamangala University of Technology
Thanyaburi. (in Thai)

Tiyaw, S. (2000). Concepts and principles in performance control and monitoring (4 steps). Thammasat University
Press. (in Thai)

Udomthanatheera, K. (2019). System Development Life Cycle (SDLC). Logistics. (in Thai)


https://doi.org/10.1201/9780203490426
https://audit.up.ac.th/มาตรฐานการตรวจสอบภายใ/
https://so04.tci-thaijo.org/index.php/JSBA/article/view/243927
https://so04.tci-thaijo.org/index.php/JSBA/article/view/243927
https://freebsd.sru.ac.th/course/4012605-MULTIMEDIA-TECHNOLOGY/CAI/IOC.doc
https://freebsd.sru.ac.th/course/4012605-MULTIMEDIA-TECHNOLOGY/CAI/IOC.doc
https://adorablenan.wordpress.com/2018/01/06/8-การตรวจสอบ-ประเม
https://adorablenan.wordpress.com/2018/01/06/8-การตรวจสอบ-ประเม
https://adorablenan.wordpress.com/2018/01
https://so01.tci-thaijo.org/index.php/JMLD/article/view/261053

44 | The Journal of Spatial Innovation Development (JSID) Vol. 7 No.2 May - August 2026

Worabut, P., Khonsungnoen, S., & Suradee, T. (2020). Development of a digital performance tracking and evaluation
system for Nakhon Ratchasima Rajabhat University. Research and Development Institute, Nakhon Ratchasima

Rajabhat University. (in Thai)



Y

1158193BINTNDNTAMUINIANTIHBINUA (JSID) DA 7 vl 2 waunan — Fmnan 2569 | 45

ATSWRHISZUL mswé’umséz’mmé’g&maﬁw ABNNILABSIN AL

#iAn 1395, nssdady A" uay Laties Humn"”

Development of Fall Detection System for Elderly with Computer Vision

Chanita Chuiit", Korndanai Wutti' and Sathien Hunta™

' School of Information and Communication Technology, University of Phayao, Phayao, 56000
" Corresponding author: sathien.hu@up.ac.th

Received: 21 July 2025; Revised: 25 September 2025; Accepted: 21 October 2025

(. >4 []

UviAacaea

Heeang A desgerian15iing TfmngaInn19dn 9uddeaduilddngusraediveWmunssuy
A9999UN15aN2B9E g Ate AsNRme s mlNaw19eds warguaninlaeniurasgeanyiiandu ot
~ o o/ v % a 3 = v dl o/ 3 1 = ' S%
Weeaia Tnetndasdnsenie Tuudnadinuiedunin vinnasaumsunwuuuBeandsiag OpenCV uay
UFzHIANANINANY Media Pipe ‘%Lmﬁ:ﬁmmwm‘mmﬂmﬂqumaéN U 33 90 INBATIIRDUANE LY

4 o 4 da o P v vy o , da 4 o

A9 RAeNMITTIURTI9dUNT AR TR ANY s R sanT19d N (E Taanisduan e fifin s Aeudaas
A ' &
ginue19390157

nansnaseudidelAsnasssamnisainisdnludisniesing 4 THun &umnedng &umnepan &uedn
PHT LAZANATIENA LLNmTﬁLﬁudfl‘izuumm‘mm‘m@é’uviqmqm‘sﬁ;ﬁﬁﬂmmmqumﬁmﬁ 5aua2 90
%@ﬂxﬁ@uﬁqﬂﬁxﬁw%ﬂﬁwwm‘jzuuﬁmm‘mﬁﬂﬁﬂﬁzgﬂ@ﬁ%lﬂﬂ"ﬁqaLb’hﬁ:é’qmfmﬂﬂﬂmﬁmmﬁq\mmﬁmﬁﬂ

oA ° o { @ dl a d?' [ dl My o I = Il o ] a

BELNYIAINY WAZAAAITHIALNTINNITUIAEUTILAATHAIN N8N T (N FSUATNEI8 A B eN99TWYIaeT

v
Y o a o L=

Y A a = o @ VoA & ¢ o o
T@@mwﬂﬁ:ﬁwﬁmw HNAEFINILTHBY19899197397 EIQUU‘N‘VZLTJNU‘JZT?J%HW@W‘I?‘W%Iu"l‘izu‘i_lLtiﬁ‘s‘x’NLL’N$

U

3 Y o

Uastiugifimadmsuggenny wazdnunanenuifauladnuuazdeasamaluladdiunisguagann
sl

AMRTATY:  HR987Y, N1IATI9TUNITAN, BUWBSITinYeIRTINGY , ABNRImDIAYIA

" anszna lad e A ALazn19ReaT NNTIVEIARNELEN 4INAANTIE 56000



46 | The Journal of Spatial Innovation Development (JSID) Vol. 7 No.2 May - August 2026

Abstract

Elderly individuals are particularly susceptible to fall-related accidents, especially those living alone.
This study proposes the development of a computer vision-based fall detection system designed to enhance
personal safety through real-time monitoring. The system integrates indoor video surveillance using OpenCV and
processes the captured frames via Media Pipe to extract and analyze human postures based on 33 skeletal
landmark points. Fall detection is achieved by identifying abrupt downward movements toward the ground,
measured in terms of both direction and duration.

Experimental simulations covering various fall scenarios—namely forward, backward, leftward, and
rightward—demonstrated that the system achieved an average detection accuracy of 90%. These findings
underscore the system’s potential to reduce the risk of injury among elderly individuals by enabling timely
intervention in the event of a fall. It is anticipated that the outcomes of this research will contribute to
the advancement of intelligent fall detection technologies and provide a foundation for future developments

in elderly care and health monitoring systems.

Keywords: Elderly person, Fall detection, Internet of things, Computer vision
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Figure 1 Image showing body landmarks and connections using Media Pipe
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Figure 4 Example of 33 body landmarks detected in both standing and sitting postures
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Table 1 Testing of an Elderly Fall Detection System Using a Simulation Model from Standing to Falling Posture

Initial Fall Number  Detection Missed Accuracy  Mean fall
posture direction of trials count detection count (%) duration (s)
Standing Left-side falll 100 97 3 Q7% 1.48
Standing  Right-side fall 100 94 6 94% 1.51
Standing Forward fall 100 87 13 90% 1.60
Standing Backward fall 100 92 8 92% 1.75

Table 2 Testing of an Elderly Fall Detection System Using a Simulation Model from Sitting to Falling Posture

Initial Fall Number of  Detection Missed Accuracy  Mean fall
posture direction trials count detection count (%) duration (s)
Sitting Left-side fall 100 90 10 90% 1.70
Sitting Right-side fal 100 91 9 91% 1.64
Sitting Forward fall 100 85 15 85% 1.91
Sitting Backward fall 100 88 12 88% 1.86
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Comparison of Average Fall Duration by Direction (Standing and Sitting)
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Discussion and Conclusion
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Abstract

This study aims to examine the situation and context of stateless persons and cross-border migrants in the
Thai-Lao border area, Tha Li District, Loei Province, who face significant limitations in accessing rights and healthcare
services. The research employed participatory surveys to collect data on living conditions and challenges of the target
population, combined with geospatial data collection of residential locations using the Global Navigation Satellite System
(GNSS). A spatial information system was developed through Geographic Information System (GIS) technology to
analyze population numbers, spatial distribution, and to build a geospatial database supporting decision-making in
border health management.

The study found that Tha Li District, Loei Province, is a border town adjacent to Kaen Thao district, in Xayaburi
Province, Lao PDR, with communities settled along the Hueang River, a small border river that can be easily crossed.
The survey identified 991 stateless persons. The developed spatial information system was able to visualize household
locations and distribution, along with in-depth analyses highlighting key issues: 70.74% of the population are female,
66.30% have never returned to their country of origin, and 34.71% lack identity documents—factors that restrict access
to rights and healthcare services. Moreover, linking positional data with satellite imagery provided concrete insights
that support precise decision-making in defining target areas, monitoring, and managing border health. This includes
population classification by residence, gender, age, document type, health conditions, and trust networks.

An urgent concern is the lack of knowledge and understanding among this group regarding the processes of
legal status development and their entitled benefits, particularly the right to healthcare in public service units. Given
that most of the population are women and elderly persons-groups at higher risk of health problems and chronic
diseases—clear and systematic measures are needed from relevant agencies, especially public health service

providers, to ensure continuous and sustainable solutions.

Keywords: Geographic information systems, Stateless persons and migrant working group, Border health system
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Figure 1 The study area is Tha Li District, Loei Province
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Problems of unclear data regarding quantity, location, and living conditions, as well as the

impacts of having uncertain legal status and being part of the migrant population

v

Development of tools and training curricula, as well as surveying and data collection

‘ Surveying and data collection ‘ ‘ GNSS positioning device ‘

‘ Curriculum and training for data collection and gathering ‘

v

Survey and data collection operations

Design of a data input and storage system

Designing and inputting data using an Designing and inputting data into a

online system (Google Form) Geographic Information System (GIS)

v

Data processing, visualization, verification, and feedback

v

Analysis and design of participatory problem-solving alternatives

v

Recommendations for alternative solutions to address the impacts of being in a situation of

uncertain legal status and belonging to the migrant population

Figure 2 Research Process
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Table 1 Number of villages and Thai population in the study area

Subdistrict Number of villages Male Female Total
Nam Thun 5 960 864 1,824
A-hi 6 2,202 2,279 4,481
Nong Phue 10 3,376 3,508 6,884

Total 21 6,538 6,651 13,189
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Table 2 Number of persons with uncertain legal status and migrant population in Tha Li District, Loei Province

(persons)
Nam Thun Subdistrict Nong Phue Subdistrict A hi Subdistrict
Age range (yrs) Total
Male Female Total Male Female Total Male Female Total
Newborn-9 yrs. - 1 1 1 - 1 3 1 4 6
10-19 8 - 8 9 5 14 6 2 8 30
20-29 7 6 13 " 41 52 7 19 26 91
30-39 5 17 22 17 90 107 8 35 43 172
40-49 9 21 30 26 94 120 7 35 42 192
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Nam Thun Subdistrict Nong Phue Subdistrict A hi Subdistrict
Age range (yrs) Total
Male Female Total Male Female Total Male Female Total

50-59 14 17 31 34 56 90 23 40 63 184
60-69 10 15 25 19 73 92 24 47 71 188
70-79 4 1 15 10 26 36 15 32 47 98
80-89 3 2 5 7 " 18 1 2 3 26
90 yrs. and above 1 2 3 1 - 1 - - - 4

Total 61 92 153 135 396 531 94 213 307 991
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Figure 3 Spatial information of persons with uncertain legal status using QGIS
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Table 3 Types of personal status documents

Type of ID card Nam Thun Nong Phue A hi Total
Work permit card 1 34 4 39
O ID card 57 197 64 315
6 ID card 63 85 127 275
7 1D card - 1 - 1
8 ID card - 14 - 14
No ID card 34 187 123 344
Total 155 518 318 991
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Table 4 Trusted person for consultation

Iltem(s) Nam Thun Nong Phue A hi Total
Friend of a stateless person 7 7 10 88
Family / Relatives 15 384 268 767
Thai people in the community 2 15 2 19
Community leaders / Officials 27 58 28 113
Did not consult anyone 2 2 - 4

Total 153 530 308 991
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Figure 7 Trust in individuals and agencies in relation to the development of persons with uncertain legal status
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Abstract

This research presents a comparative study on the learning achievement and satisfaction between using
the Cisco Packet Tracer simulation program and practicing with real equipment. The research was conducted with
a sample group of 60 students from the Faculty of Information and Communication Technology, University of
Phayao, academic year 2022. They were divided into two groups of 30 students each to learn through
the simulation program and practice with real equipment. The results of the study found that the group learning
through the simulation program showed a significantly higher level of learning satisfaction than the group practicing
with real equipment at the 0.05 level. The simulation group had a mean satisfaction score of 3.82 and a standard
deviation of 0.74, while the group practicing with real equipment had a mean satisfaction score of 3.64 and
a standard deviation of 0.65. The results of this study reflect that the use of simulation programs in teaching
can effectively create satisfaction and enhance the learning experience of students in the field of information

technology.

Keywords: Comparison study, Simulation, Real practice, Laboratory, CISCO

Introduction

maimalulagnissnans (Smulation) uaskesUfiRnasiafian (Vitud Laboratory) nnt tunnssew
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Thomay et al., 2023) uazdIERNNAFNEMENIINITEEALIEA LNt EManANE (Trejunita et o, 2021; Lin &
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WAFNENS (Santyadiputra et al., 2024) uazN1TEBNULLTHBIUFTANST AT lHe1n9 A7l (Baun et dl., 2025)
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Figure 2 Students practicing with real tools and equipment in the laboratory.
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Table 1 Demographic information of the respondents

Item Category Frequency (N) (Percentage (%)
Gender Male 40 66.67
Female 20 33.33
Total 2 100.00
Age (Years) 19 Years 16 3.33
20 Years 38 26.67
21 Years 4 63.33
22 Year and above 60 6.67
Total 24 100.00
Learning Device Personal Notebook Computer 34 40.00
Laboratory Computer 56.67
Others 2 3.33
Total 60 100.00
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Table 2 Comparison of learning satisfaction between the two models

Assessment Item Learning Model Mean Standard Deviation
Learner Aspect Simulation Program  3.86 0.80
Real Equipment 3.7 0.67
Interaction and Content Aspect Simulation Program  3.81 0.84
Real Equipment 3.69 0.82
Time and Place Aspect Simulation Program ~ 3.79 0.52
Real Equipment 3.65 0.58
Technology and Equipment Aspect Simulation Program ~ 3.81 0.77
Real Equipment 3.49 0.52
Overall Mean Simulation Program  3.82 0.74
Real Equipment 3.64 0.65
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Comparison of Satisfaction in Each Aspect

B Satisfaction with Simulation Program
W Satisfaction with Real Laboratory and Equipment

Mean Satisfaction Score

Learner Interaction and Content Time and Place Technology and Equipment

Figure 3 Comparing satisfaction in each aspect

Figure 3 wannan1suW3auisudAmisasfonelaluusasfusuuamgAuvis wisRsaounungs
Tsunsnanapsannigol widunsuwunguies fifinisuazginsnisss ngulusunsusnansaniunisold

4‘ =< ! 1 v a va ¢ _a 4 v v A U
pzunRdEAHRane lagendnngudiecUfifinisuazgunaniaselundm TnadugBenensngulusunas
drapsanunIseiinzuNgegail 3.86 AnAtad Uil uaniienil 3.81 uazdimunaluladuavgunel
71 3.81 soagiidmmnaiuazaauiifiazunn 3.79 dounguesUjifinnsuargunaoiasefliazunngegalugin

]
v A a

HBeuil 3.71 anwdaaduufaniusuazilentfl 3.69 Fuaauazanuwiii 3.65 uazagaiudaumalulad

uazgUngaif 3.49 nsuBaufisunuindsisanfonalesansesngalusunsssassaniunisaivinfiy

3.82 gendnAnfgrasngugUnsolasedelifnminny 3.64

Discussion

nanATme iiiwinanmuandannia@ansiafiawa’s (Vitud Leaning Envionments) §aanandy
atialinaantadadainiaine Tasansumeniiddindadtietedeuasginsaifidsamgouadudon
aMnnnsAnE wodnszduasfswelarecdEend [l Tsunsudaesanminigal wu Cisco Packet Tracer sitgy
ndrnnadaudeagunaniadatfidediAyneadn deannauandsilaauiigaludauessnalulad
uazguUnaod TneTusunasdnansaniuniaoilidea i Eeuilanaddegunsolirdetnsfinanuansliotng
sz Tnalidinssalufinnanudenoniasiiliidny naneinildsdaaduniadons i3e3n (Active Learning)
Havmavaaesuaznau lailoyinanes Sufiugnfalsravdamnadasdadiansaniunisollugineiiiu
iwaasdasiuayuniadnentuansmaluladiioderesfanes adnslafnn dauddllaunaudnans
anunsaiazuaasiispuaEalagson nan193def W FannananuddgyeeinisBenifaegunseiase
asfamafarmanfindoniaimuinusBeUReR (Honds-on Skills) i liaunsanaunily nnslFdniauazutila
iy iiAntndugUnsaless wu niadensiasns LAN nisdanmaiuiigmimemeninaasgungol vidansudly
ﬂmﬁﬂﬁfﬂﬂﬂﬁﬁﬂ%ﬂﬁﬂfﬂLﬁﬁ%u?uiﬂﬂm‘mﬁ’mﬂﬂﬁ?u Lﬂuﬂﬁmummiﬁﬁmm@?ﬁﬁiyﬂﬁwéwiﬂmim%ﬁu

AENEDNYEY Bauneudngaataei fais nesysanmsyaudaewisredinmsdindaeinulugUuuunisSens



1156153 EINTINB N IRAUNINIANTINIBINUA (JSID) TN 7 ufl 2 nauaAx - AN 2569 | 85

WUUNENHAT (Blended Learning Approach) Aailluusameiisirlguss@vEnmnisBeniiigegn Tunnsdanis@an
maapuAsERdusiaelisundrasssaunsalie g Bowsssanndinla lidnnsBmguiuas Anaa iy

mssarntuEmnundeNTiansansuan (i deufiazsiesanfaanisdiiagUnaniade

Suggestions
nan13398 A I utaumameumsUssgndtisenuuunisGeaumsasutuaeimmalulagindedie
ponAoees sautane Rt aniiinludiunsufin Inefaneaensfne uuunanKa (Blended Learning)
FaBusnsianstEliUsunsnsnassanmnisalesdneansdintalundnnis Bmguiuazassauduaa iy
naseAuEnTIIndeNfirUAN T nenfiazAfinnnslUugnisinufiadeagunsaisssiufiasfifinng e
WnninezBafuan ianansonaumli aoidlaadu daimauns dmsunisisalusande Aaszene
1o 1 o A a £ v & o a v Oy o aa a 45 v
ngnspdRAnEnaInrateIngdn nienisimunszuaumsaseiAdnssuniiduseansam el

ansarauAndaLlsunsndenlfiodeiussAnsnin wu nadananniiugueesdiBen wenannil §9aas

U a9 U

'
=

Anwfgaiunadninien1sBeninifiow ¢ wuw invelunisufdym Welklfdedunuiidanuaseungs

Lmzﬁﬂfﬂr@jm‘sﬂ’ MUINTEEUNTLTEANTHAIGA

Acknowledgements
1auAmFesUfiRnssruUsanseruazyiueud AnzmaluladasaumeAwaznisdesns ananenas

weien AANsEiUmmaTeLazuWIRn N9 AT ASIH

References

Ahmed, T., Bumbacher, E., Blikstein, P., & Riedel-Kruse, Ingmar H. (2024). Large-scale and versatile
deployment of biology cloud labs in schools through teacher driven curricula design. Atlanta, GA, USA:
Association for Computing Machinery, 524-529. Form https://doi.org/10.1145/3657604.3664713.

Alsaleh, S., Tepljakov, A., Kose, A., Belikov, J., & Petlenkov, E. (2022). Relmagine Lab: Bridging the Gap
Between Hands-On, Virtual and Remote Control Engineering Laboratories Using Digital Twins and
Extended Redlity. /EEE Access, 10, 89924-89943. Form https://doi.org/10.1109/access.2022.3199371.

Azhari, A. D., Sulaiman, N. A., & Kassim, M. (2021, November 1). Secured Internet Office Network with the
Internet of Things Using Packet Tracer Analysis. Form https://doi.org/10.1109/ICSET53708.2021.9612554.

Baun, C., Kappes, M., Cocos, H.-N., Koch, M., & Petrozziello, M. (2025). The Virtual Computer Networks Lab:
On the Design and Implementation of a Location Independent Networks Laboratory in Higher Education.
Proceedings of the 17th International Conference on Computer Supported Education, 199-207. Form
https://doi.org/10.5220/0013199400003932.

Bharat Ratnala, T. Anuradha, Vidya Maddali, & Harsha Vardhan Chintalapudi. (2023). Designing Smart Room
Using Cisco Packet Tracer Simulator. 2023 5th International Conference on Smart Systems and Inventive

Technology (ICSSIT). Form https://doi.org/10.1109/icssit55814.2023.10061048.



86 | The Journal of Spatial Innovation Development (JSID) Vol. 7 No.2 May - August 2026

Darejeh, A., Huynh, L., Ji, X., Marcus, N., & Polly, P. (2024). Assessing the Efficacy of Virtual Reality-Based
Laboratories Versus Real-Life Settings for PCR Procedures, within Medical Science Laboratories. 2022
IEEE International Symposium on Mixed and Augmented Reality Adjunct (ISMAR-Adjunct), 489-492.
Form https://doi.org/10.1109/ismar-adjunct64951.2024.00142.

Dunn, S., Winsche, Burkhard C, Allison, J. R., Samuel, & Lange-Nawka, D. (2023). Hands-on DNA: Exploring
the impact of virtual reality on teaching DNA structure and function. Christchurch, New Zealand:
Association for Computing Machinery. Form https://doi.org/10.1145/3611659.3615684.

Ersoy Cangir, O., Yildinm, M., & Bostan, N. (2023). Faculty network system implementation using cisco packet
tracer. Journal of Computer & Electrical and Electronics Engineering Sciences, 1(1), 20-24. Form
https://doi.org/10.51271/jceees-0005.

Gede Saindra Santyadiputra, None Purnomo, Waras Kamdi, Syaad Patmanthara, & Didik Nurhadi. (2024).
Vilanets: An advanced virtual learning environments to improve higher education students’ learning
achievement in computer network course. Cogent Education, 11(1). Form
https://doi.org/10.1080/2331186x.2024.2393530.

Holly, M., Brettschuh, S., Tiwari, A. S., Bhagat, K. K., & Pirker, J. (2024). Game-based motivation: Enhancing
learning with achievements in a customizable virtual reality environment. Trier, Germany: Association for
Computing Machinery. Form https://doi.org/10.1145/3641825.3687741.

Jiang, G., Xia, X., Li, Y., Liang, H.-N., & Hui, P. (2024). ChemistryVVR: Enhancing educational experiences
through virtual chemistry lab simulations. Association for Computing Machinery. Form
https://doi.org/10.1145/3680533.3697068.

Lin, X., & Chen, Z. (2023). Knowledge Transfer Happen in Virtual Simulation Experiment Teaching: A Factor
Study Based on Educational Experiment. Proceedings of the 2023 6th International Conference on
Educational Technology Management, 137-147. Form https://doi.org/10.1145/3637907.3637966.

Muhammad Fadly Atjo, Djami Olii, Hiskia Manggopa, & Tino, P. (2023). Effect of Packet Tracer Simulator Media
on Motivation and Learning Outcomes of Basic Network TKJ Students of Cokroaminoto Vocational School,
Kotamobagu. Deleted Journal, 2(2), 26-44. Form https://doi.org/10.62711/ijite.v2i2.103.

None Thobiyah T, Franciscus, A., None Fakrurrozi, llyas Wichaksono, Baqi, A., Ridwan Daeli, & Riko Tarigan.
(2024). Design and Simulation of a LAN Network for Optimizing IT Infrastructure at SMKS XYZ Depok
Using Cisco Packet Tracer. International Journal Software Engineering and Computer Science (IJSECS),
4(2), 731-744. Form https://doi.org/10.35870/ijsecs.v4i2.2673.

Oikonomou, N. V., & Oikonomou, D. V. (2024). Educational Applications and Comparative Analysis of Network
Simulators: Protocols, Types, and Performance Evaluation. Journal of Engineering Research and Sciences,
3(6), 18-32. Form https://doi.org/10.55708/js0306003.

Runtuwene, S. J., Abdulgani, A. N., Pakan, O. M. L., Pinontoan, F. C. G., Mangaronda, D. I., & Kambey, T. N.
(2024). Network Simulation Using Cisco Packet Tracer in Computer Network Learning in Higher Education.

Jurnal Syntax Admiration, 5(11), 5099-5106. Form https://doi.org/10.46799/jsa.v5i11.1774.



1156153ENTINB N IRAUNINIANTINBINUA (JSID) TN 7 ufl 2 wauaax - Fmnan 2569 | 87

Schaumont, P. (2021). Socially-distant hands—on labs for a real-time digital signal processing course. 425-430.
Virtual Event, USA: Association for Computing Machinery. Form
https://doi.org/10.1145/3453688.3461490.

Shen, Y., & Pan, Z. (2022). Evaluating the Impact of Immersive Virtual Reality Learning Environments with a
Cognitive Load on Students in Various Interaction Modes. 2022 8" International Conference on Virtual
Reality (ICVR), 210-215. Form https://doi.org/10.1109/icvr55215.2022.9848091.

Singhal, 1., Guru Ratan Satsangee, Bhardwaj, L., Sharma, G. S., Anand Swarup Chandrakar, Gupta, H., ... Rahul
Swarup Sharma. (2024). 3D-PRINTING VIRTUAL SIMULATION LAB. /EEE Transactions on Learning
Technologies, 17, 1530-1543. Form https://doi.org/10.1109/t1t.2024.3384556.

Thomay, C., Fermitsch, A., Fessler, J., Garatva, P., Gollan, B., Lietz, A. K., ... Wagner, M. (2023). Towards
Cognitive Load-Based Decision Making in VR Training. 2023 IEEE 2nd International Conference on
Cognitive Aspects of Virtual Reality (CVR), 000023-000028. Form
https://doi.org/10.1109/cvr58941.2023.10395602.

Trijunita, C. N., Putri, A., & Rosmansyah, Y. (2021, November 1). A Systematic Literature Review on Virtual
Laboratory for Learning. Form https://doi.org/10.1109/ICoDSE53690.2021.9648451.

uhl, J. C., Gutierrez, R., Regal, G., Schrom-Feiertag, H., Schuster, B., & Tscheligi, M. (2024). Choosing the right
reality: A comparative analysis of tangibility in immersive trauma simulations. Honolulu, HI, USA:

Association for Computing Machinery. Form https://doi.org/10.1145/3613904.3641912.



88 | The Journal of Spatial Innovation Development (JSID) Vol. 7 No.2 May - August 2026

mﬁv‘i’muﬁszuuu%’amqé’ﬂﬁﬁ’ﬂmumtmmsuum/m'r:m ASRANYT TR BIN KRR

usimqmﬁﬁimﬁ'ﬂmﬁmsu‘%midquéhumwifegﬂ FINIANLLEI

nOANT snzia’, Usennsol nasd’ uay anadns aymey”

Development of a Fire Incident Reporting System via Telegram Chatbot: A Case Study
of the Disaster Prevention and Mitigation Division, Mae Suk Subdistrict Administrative

Organization, Phayao Province

Krittaphon Phattakua', Preeyaporn Konglee' and Thidapath Anucharn™

' Department of Information Technology, School of Information and Communication Technology, University of Phayao, Phayao, 56000

" Corresponding author: thidapath.an@up.ac.th

Received: 25 June 2025; Revised: 20 August 2025; Accepted: 9 September 2025

L 1
UNAALD
ANTRAHNTEULLIMNA B AANENTUVIARNTNUINUEN NTEANET 9 NTBITULATUIIMNAN BTN BBIANS
wEmssausnuauign dmianzien fTnguarasdnanasstaznis i 1) iessnuuuuasimussuuudafion
SnfduimuaUnAnfumaunTiuEUe uaz 2) WelsufiuanuiovelenecEvia uazdguassuudediafdu
mavineseesszuy Tnesjatiuliussmmannsoudannsafsefedwavainuazsanise anfaaiudniig
ansnsudieys famwaamniaol uazdnniamaniselfedreduss@vnm ssuuiWamduilsesiunissuliaya
gl enfiru Fe-wmana waslnsiwd sumidfismeamanisol wiasnmanenseisle fayamani
argnavlUfanguidmsiniimfsadessnums Telegram lnaszuufiupeunduie i mdiiannsalsuaae
° A 1% 1 % a 9 . ) s & o © v o v
masnfinnsliegneaznan Funeiia ssuul Google Apps Script Wudsnnasnandmiusudannuann Telegram
KA Webhook uazLlszraaraiipyaiauananinfinasi Google Sheets dayafidmiiuansnaniiilusmsmalgiuuy
= 3 1 . dl -4 v dl Y a a a s aarty 1 A
FIENTIEBUATLBSANTH Looker Studio e lRd M TuazfLmsansafinauaAnasiioy st Gatned
UszavBnmm dmsunisuszifiuaauienelazecd o wudn §HEfanafonelaseszunluszdunnnign Taed
! = Vv ! P A @) v ! v & v
AR 4.61 uardnudeauuninsgin 0.52 Wefensniusediu nud Asuflant Auniseeniuuuay
naagUuuunsTEa Telegram uasdinalszlominaznsinll¥ Adnfuwindy 4.68, 459, uar 456 Auansiv

anudaslunnnsgIuedfl 050, 053, uaz 054 Arna1dy sxuuilgae T i mantsaud agrauuns f

v
Y A A o o

DEIFTAIN NIDHUAASANAGATAING URTIIUHHAUNNE MU WET BnASaaInTauamsafifnisudamne

o A $ @

B4 SmANNTolluusa Iy swmdsilifiame vaeUssmusanndadsy dafiulszlemidenisiagsed@niam

o

o/ a o/ dy Aﬂl v 1 = a
Tuﬂf]‘ﬁ"?(ﬂﬂﬂ‘ﬁlflﬂWﬂﬂﬂﬂﬂsfuwuﬂfﬂ@ﬂqﬁﬂﬂizﬁi/lﬁw@

q

ATRNALY: TTULLIINASARNE, WIAUNTNUUDY, B9ANITLUENITRIUAUAUNEN, Google Apps Script

" g1 Al ad a1 e AssA Wl AT a1 EUYIALAZNITADANT HATANNRENTLEN FIRIANTLEN 56000


mailto:thidapath.an@up.ac.th

Y

1158193BINTNDNTAAMUNINIANTIHBINUA (JSID) 7 7 aUudl 2 wauaan — Fmnan 2569 | 89

Abstract

The development of a fire incident reporting system via Telegram chatbot, with a case study of the Disaster
Prevention and Mitigation Division, Mae Suk Subdistrict Administrative Organization, Phayao Province, was undertaken
with two main objectives: (1) to design and develop a fire alert notification system through the Telegram chatbot
application, and (2) to evaluate the satisfaction of both general users and system administrators regarding the system’s
functionalities. The system is designed to enable the public to report fire incidents conveniently and rapidly, while
allowing officials to receive information, monitor situations, and manage incidents efficiently. The developed system
supports the collection of information from general users, including name, surname, phone number, incident location,
and multimedia files such as photos or videos. This information is transmitted to relevant officials via Telegram, with
interactive response buttons provided for officials to update the status of each incident. Technically, the system utilizes
Google Apps Script as the main server to receive messages from Telegram via Webhook, process the data, and store
all information in Google Sheets. The stored data can then be visualized in the form of reports or dashboards through
Looker Studio, enabling officials and administrators to monitor and analyze statistical data effectively. Regarding user
satisfaction, the evaluation revealed that users were highly satisfied with the system, with an overall mean score of
4.61 and a standard deviation of 0.52. When considering specific aspects, the mean scores for content quality,
interface design and layout for Telegram usage, and practical application were 4.68, 4.59, and 4.56, respectively,
with standard deviations of 0.50, 0.53, and 0.54. This system allows users to conveniently report incidents via chat,
display the coordinates of the incident location, and assist officials in route planning. Additionally, it provides statistics
on incident reports, such as the number of incidents per day, incident locations, or types of fire incidents, which are

beneficial for enhancing the efficiency of fire incident management in the area.

Keywords: Fire incident reporting system, Telegram chatbot, Mae suk subdistrict administrative organization,

Google Apps Script
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7 Brainstorming

Collect baseline fire incident data
¢ Primary data: field data collection
* Secondary data: official reports and academic literature

‘2/' Requirements Analysis & Plan

General Users Firefighters
e Fire Incident Reporting System Fire Incident Information System

* Evacuation Route Mapping System « Emergency Notification System
¢ Incident Status Tracking System * Fire Incident Database
.

Incident Reporting and Summary System

/ﬁ Development

»

Telegram Bot Development
* Google Apps Script
* Telegram BotFather
* Integrate with Google Sheets and Google Drive
* Integrate with Google Maps to display
coordinates and directions

Web Form and Dashboard Development
* Google form
* Looker Studio

1 I Evaluation
Sample Size: 45 participants

* Firefighters: 5
* General users: 40

Figure 1 The conceptual framework

User Phayao Fire Report Bot Firefighters
! User Registration L :
Ll '
P Registration Confirmed D H
Start: Submit Fire Incident Information N H Request Fire Incident Details & Status B
L »
o Status Update: Approved
<
Progress Status
>
P Incident In Progress » Status Update: In Progress
Request Evacuation Route Lo H
» H
P Provide Evacuation Route D E
< H
P Incident Completed E P Status Update: Completed E
Incident Report Form =
Fire Incident Report Information
! <
E Update Dashboard _
, - pL
: Broadcast Notification : Broadcast Notification :

Figure 2 Sequence Diagram of Phayao Fire Report Bot
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Table 1 Mean scores and standard deviations of satisfaction levels for the fire incident reporting system using

Telegram Chatbot technology

Evaluation Aspect Mean  Standard Deviation Satisfaction Level
1. Content
1.1 Easy and quick system access 4.78 0.47 Highest
1.2 Convenient and fast performance tracking 4.64 0.48 Highest
1.3 Clear and understandable system guidance 4.67 0.56 Highest
messages
1.4 Use of concise, simple, and sufficient language for 4.64 0.48 Highest

emergency notifications

Overall Content 4.68 0.50 Highest

2. Design and Layout of Telegram Usage

2.1 Simple and user-friendly menus and buttons 4.60 0.57 Highest
2.2 Appropriately sequenced operation steps 4.47 0.50 Highest
2.3 Symbols facilitate better understanding 4.64 0.52 Highest
2.4 Well-organized and user-friendly screen layout 4.58 0.49 Highest
2.5 Convenient usage on smartphones 4.64 0.56 Highest

Overall Design and Layout 4.59 0.53 Highest
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3. Practical Application

3.1 Accurate and reliable evacuation route display 4.53 0.54 Highest
3.2 Convenient and fast communication between users 4.58 0.54 Highest
and officers

3.3 High potential for real-world application in 4.56 0.54 Highest

emergencies or field operations

Overall Practical Application 4.56 0.54 Highest

Overall Evaluation 4.61 0.52 Highest

Discussion and Conclusion
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Abstract

This study aimed to analyze the spatial distribution of undergraduate admissions to the School of Information
and Communication Technology, University of Phayao, and to develop an effective educational guidance route plan
in Northeastern Thailand. The research applied Geographic Information System (GIS) technology and Network Analysis.
The dataset comprised admission records from academic years 2011 to 2024, totaling 14 years. Spatial frequency analysis
was conducted, and target schools were identified using the Simple Additive Weighting (SAW) method, based on
two main factors: the number of admitted students from each school and the time period of their admissions.
The results revealed 10 schools suitable for educational guidance activities. Additionally, three scenario-based route models
were developed: (1) the shortest distance route covering 487 kilometers in 365 minutes, (2) the return—-oriented
route covering 589.08 kilometers in 442 minutes, and (3) the multimodal continuous route covering 477.8 kilometers in
358 minutes. The findings support strategic planning for targeted, efficient educational guidance under limited
resources, and promote equitable access to higher education. This approach aligns with the goals of sustainable

development and lifelong learning enhancement.

Keywords: Network analysis, Educational guidance, Multi-attribute decision making, Geographic information system,

School of Information and Communication Technology, University of Phayao
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[ Objective 1: Analysis and compilation of spatial data on the number of students. ]

[ Student Admissions Data Collection and Preparation ]

v

Filtering student data by student frequency and ]

number of students by province J

v

[ Import spatial data of Thailand provinces ]

v

[ Spatial Distribution Map of Student Frequency ]

[ Objective 2: Analyze the best connection route for the school. ]
[ Student Admissions Data Collection and Preparation ]
School selection using a simple weighting method
4 )\

Import Data on the Northeastern Road Network

and School Location Data

v

[ Network Analysis ]

v

[ Simulate a map of the connection routes between schools in the Northeastern region. ]

v

[ Shortest Route ] [ Return-Oriented Route ] [ Multimodal Transportation Route ]

Figure 1 Research Procedures
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LLNGINNSI899%190 (Table 1)

Table 1 Admission Data of Students by Region

Academic Year
Region Total
2554 2555 2556 2557 2558 2559 2560 2561 2562 2563 2564 2565 2566 2567

Central 18 20 21 23 23 34 15 14 23 21 31 57 72 65 437
Eastern 0 1 1 5 1 1 3 1 4 9 10 12 21 9 78
Northeastern 10 15 13 8 9 13 13 10 1 14 15 35 35 34 235
Southern 1 3 3 3 4 4 2 2 2 2 6 10 9 22 73
Northern 351 394 380 336 347 326 232 256 281 258 334 443 490 467 4,895
Total 380 433 418 375 384 378 265 283 321 304 396 557 627 597 5,718

Note: Regional division according to the Tourism Authority of Thailand (TAT)
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Student Enrollment Map, 2011 - 2014 Student Enrollment Map, 2015 - 2019

School of Information and Communicatien Technolegy, University of Phayao Scheol of Infermation and Communication Technology, University of Phayac

Academic Years 2011 — 2014 Academic Years 2015 - 2019

None.

| 1-20 students

Nane

1- 20 students

21 - 47 studerts

| 21 - 20 studenis

41 - 60 siudants

&1 - 80 studants
I o1 - 100 siudents
0 50 100 200 00

B 5 - 100 stucents
’ I iore than 100 students L : I o< thar 190 students
T N loneters BT W Klomete s

iderts

61- 80 studants

Source: Division of Educational Services, University of Phoyao Saurce: Divisian of Educational Services, University of Phayao

Figure 2 Student Enrollment Map, 2011 - 2014 Figure 3 Student Enrollment Map, 2015 - 2019

Student Enrollment Map, 2020 - 2024 Student Enrollment Map, 2011 - 2024

School of Information and Communication Technology, University of Phayao School of Information and Communication Technology, University of Phayao

Academic Years 2020 - 2024

Academic Year 2011 — 2024
| Mane

[ hNone
[ 1- 20 students
T | 21- 40 stugents
| 41 - 60 students
] 61 - 80 students [ e -
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o owa w0 s

I 51 - 100 sidenss
- I Hiore than 100 studems o w0 mo o - I o= thon 100 students
- — e - — e s
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Saurce: Division of Educational Services, University of Phoyao Souree: Division of Educational Services, University of Phayao

Figure 4 Student Enrollment Map, 2020 - 2024

Figure 5 Student Enrollment Map, 2011 - 2024
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Table 2 Appropriate Schools for Educational Guidance

Factor of Student Graduation Rate Factor of Academic Year Frequency Range
School (80%) (20%) Totd
Score
Students Level Score Range Level Score
Ban Dung Wittaya 9 High 5 2020-2024 High 5 5
Si Songkhram Wittaya 7 High 5 2020-2024 High 5 5
Loei Pittayakom 6 Moderate 3 2020-2024 High 5 3.4
Sriboonruang Wittayakam 6 Moderate 3 2020-2024 High 5 3.4
Khamsaen Wittayasan 5 Moderate 3 2020-2024 High 5 3.4
Chum Phae Suksa 4 Moderate 3 2020-2024 High 5 3.4
Nawang Suksawit 4 Moderate 3 2020-2024 High 5 3.4
Satri Chaiyaphum 4 Moderate 3 2020-2024 High 5 3.4
Kaset Sombun Wittayakom 4 Moderate 3 2015-2019 Moderate 3 3
SatriRachinuthit 4 Moderate 3 2015-2019 Moderate 3 3

22 Wan13AAINEALATIENE (Network Andlysis) LAZNITEIINUNKAISIABILEHNIINITUNE LI

o/ = = v v a o/ o 1 = ! v ldld dl
Tunmamzusanideanie Tnatédeyaaunuaritamumdlseden wodr dunneiifaonumnzandige
AmSuNMsuHzIg 5 W (uay 2 TseBem) amnsnsnassdimnenisiuneesndiu 3 e nieamade

P a & a ° & N C o A & o =
Tamnaszazaalunsdwnadund TneAnnoeinanudai 80 Alamassiedali wedunsasrmaden

Tunnssranlalinugugfiom TnaGusuanlseGeniiag inafigaannumnanandensien ol

1) Wil 1 EnIenSUREIWILULSEEENaTigR (Shortest Route) TaaimnnqmiFadiv
a1nlsaBaufiagrneannuniingndenzienuinfige (Origin) s TseBautiugednen TsvBauanisndyiie
TsaBouiuadnensssd lsesBowndafinenids lsaGeursamssingt Tsadouasiinenan T5sBuuefyEe
Anenans TseBonguundnen TsaBeunuasanysolinenan uarlsaBeuasddanf auai wudn sanszeznng

T9AN 487 Alawes waztinanunIsFHuyuHsIIaaaY 365 Wil vida 6 49l 5 Wit (Table 3 and Figure 6)

Table 3 Distance of Educational Guidance Route 1

No. School Distance (kilometers) Duration (minutes)
1 Ban Dung Wittaya 0 0
2 SatriRachinuthit 71 53
3 Khamsaen Wittayasan 72.9 55
4 Nawang Suksawit 16.3 12
5 Si Songkhram Wittaya 34.6 26
6 Loei Pittayakom 24.7 18
7 Sriboonruang Wittayakarn 100.2 75
8 Chum Phae Suksa 57 43
9 Kaset Sombun Wittayakom 41.2 31
10 Satri Chaiyaphum

‘

~N ©
‘()J o
%] N

Total
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Simulated Route Map for Educational Guidance, Route 1

Udon"Thani

. KhonKaen

Point 1 Ban Dung Wittaya Point 6 Loei Pittayakom
Point 2 SatriRachinuthit Point 7 Sriboonruang Wittayakarn
2 4 Total Distance
Point 3 Khamsaen Wittayasan Point 8 Chum Phae Suksa
487 kilometers
Point 4 Nawang Suksawit Point 9 Kaset Sombun Wittayakom

Point 5 Si Songkhram Wittaya Point 10 Satri Chaiyaphum

Figure 6 Simulated Route Map for Educational Guidance, Route 1

1 4

2) Wil 2 diwrnenmauisauuuiisundudingguinans (Retum-Oriented Route) Taarinun

'
a v

qaENfuanlsvEeuTingea I Anendanaenfige (Orgin) Ae TseBeutinugdnen TasBeuasdadyie
Ts9BenByayBesinegas lsaGeguundne TsSauamidund TssBamnensanysoiingnas TsaGausuam
Aenassd lseBemndadnuiy IsaBeurRamsuine uazlssBouasinenan aMNaIRD W 5aNsEENNg

I9AU 589.08 Alaims WaLlHnan N SRWNIUUZINORY 442 Wit vide 7 Fala 22 Wi (Table 4 ond Figure 7)

Table 4 Distance of Educational Guidance Route 2

No. School Distance (kilometers) Duration (minutes)
1 Ban Dung Wittaya 0 0
2 SatriRachinuthit 1 53
3 Sriboonruang Wittayakam 78.9 59
4 Chum Phae Suksa 57 43
5 Satri Chaiyaphum 102.2 77
6 Kaset Sombun Wittayakom 69 52
7 Khamsaen Wittayasan 135.2 101
8 Nawang Suksawit 16.3 12
9 Si Songkhram Wittaya 34.6 26
10 Loei Pittayakom 247 18

Total 589. 442
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Simulated Route Map for Educational Guidance, Route 2

T G Udsi*Thani

Nong Bua Lamphu

. KhonKaen

Point 1 Ban Dung Wittaya Point 6 Kaset Sombun Wittayakom
Point 2 SatriRachinuthit Point 7 Khamsaen Wittayasan
Total Distance
Point 3 Sriboonruang Wittayakarn ~ Point 8 Newang Suksawit
589.08 kilometers
Point 4 Chum Phae Suksa Point 9 Si Songkhram Wittaya

Point 5 Satri Chaiyaphum Point 10 Loei Pittayakom

Figure 7 Simulated Route Map for Educational Guidance, Route 2

3) WWumaft 3 EensuszuUseIfas (Mutimodd Transportation Route) Teiriwsinq aiaihny
snlssBenfiegvinssnsmiivendenzignsnniign (Origin) fe Exann Tsadenstinug e Taadeuassadyfie
TsaBeusuminenassd ssBowndofineds lsaGeuasfingnan TssBourBainssine TssBuuefynEe
Anenans TseBonguundnen TsaBeunuasanysolinenan uarlsaBeuasddanf auai wudn sansvesmng

VAU 477.8 Alamns waz e un SR uNIsIIISAN 358 W7l wide 5 4alae 58 Wit (Table 5 and Figure 8)

Table 5 Distance of Educational Guidance Route 3

No. School Distance (kilometers) Duration (minutes)
1 Ban Dung Wittaya 0 0
2 SatriRachinuthit 71 53
3 Khamsaen Wittayasan 72.9 55
4 Nawang Suksawit 16 12
5 Loei Pittayakom 49.5 37
6 Si Songkhram Wittaya 25 18
7 Sriboonruang Wittayakam 76.1 57
8 Chum Phae Suksa 57 43
9 Kaset Sombun Wittayakom 41.2 31
10 Satri Chaiyaphum 69 52

Total 477.8 358
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Simulated Route Map for Educational Guidance, Route 3

s

y: -l Udon Thani

Nong Bua Lamphu

i . KhonKaen

Chaiyaphum & Hey 1 Label

Point 1 Ban Dung Wittaya Point 6 Si Songkhram Wittaya

Point 2 SatriRachinuthit Point 7 Sriboonruang Wittayakarn
gty Total Dist

Point 3 Khamsaen Wittayasan Point 8 Chum Phae Suksa
477.8 kilometers
Point 4 Nawang Suksawit Point 9 Kaset Sombun Wittayakom

Point 5 Loei Pittayakom Point 10 Satri Chaiyaphum

Figure 8 Simulated Route Map for Educational Guidance, Route 3

Conclusion and Discussion
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Abstract

This study aimed to assess provincial-level greenhouse gas (GHG) emissions in Phayao Province. The
2019 GHG inventory was conducted at two reporting levels: Basic and Basic+. At the Basic level, total emissions
were approximately 667,981 tons of carbon dioxide equivalent (tCO,e) or about 1.41 tCO,e per capita. At the
more comprehensive Basic+ level, which involves more detailed and extensive data collection, total emissions
reached 5,093,153 tCO,e, equivalent to approximately 10.78 tCO,e per capita, calculated based on the registered
population of 472,356 in 2019 (Department of Provincial Administration, 2019). The main source of emissions in
Phayao Province was the Agriculture, Forestry, and Other Land Use (AFOLU) sector, accounting for 86.82% of
total emissions, followed by the waste management, energy, and transportation sectors, while no emissions from
the industrial processes sector were reported in that year.

As most provincial GHG emissions were generated from land use and agricultural activities, Phayao
Province developed a GHG reduction plan comprising 26 measures covering the energy, transportation, agriculture,
and forestry sectors, with a target to reduce emissions by 422,380 tCO,e by 2030. The implementation framework
is divided into three phases: short-term measures focusing on low-cost and immediately actionable actions, such
as replacing public lighting with LED bulbs and promoting energy conservation campaigns; medium-term measures
emphasizing infrastructure investment and development, including solar rooftop installations, improved waste and
wastewater management systems, and expansion of green areas; and long-term measures aiming at structural
transformation, such as the development of clean energy public transportation systems and full-scale renewable
energy utilization. The plan places particular emphasis on the agricultural sector by promoting safe and low-carbon
agriculture under the Bio-Circular-Green (BCG) Economy model through reducing chemical use, strengthening
farmers’ capacity, applying innovation and appropriate technologies, and establishing local cooperation networks,

together with continuous monitoring and evaluation to ensure effective and tangible outcomes.

Keywords: City carbon footprint, Greenhouse gas emissions, Phayao province
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Figure 1 Study area: Phayao Province

Source: U.S. Geological Survey (USGS)
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Activity Groups / Sources

Scope 1

Direct Greenhouse Gas Emissions

*  Stationary Combustion (stationary Energy)

®  Transportation
Scope 2
fffff Solid Waste Management
Indirect Greenhouse Gas Emissions

®  Processes and Product Use (IPPU)

®  Agriculture, Forestry, and Other Land Use

Scope 3

Other indirect Greenhouse Gas Emissions T

Figure 2 Organizational Carbon Assessment Boundaries

Source: Greenhouse Gas Management Organization (Public Organization) (2022)
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mstnasmbiiResguundien SafudayaannisiingamugRnadmianzen
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nageniayaiinieunszanauseideuids GPC THuian1991e9 3 nnsnistaasfinsEdaungzan
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29NN 2 52AU Usenaufiag N19918 4N19UansN 1 iE aUNS2anssiy Basic WarnI199718 UNTsUansfyiE o
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Aanssunebasuniewsgnih U dadeindnnsusnesuenile)
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3.1 srusandpyafianssnmnwiasasefinEeunszan lwaanisnasaseesdmdanzien

neAdeiifiusausandeyafenssumuumataasfinnEannszaniuaanisUnasesasdmdanzien

' =1 =3 =1 o/ v a o o/ o/ I3 o [ =1
FERTWNPBUNNTIANTIFDUTUINAN W.FA. 2562 LL@%“H@}J\J@ﬂ@ﬂ‘i‘i&lﬂ’]‘ﬁ‘iﬂﬂ’ﬁ@ﬂﬂqumﬁﬁqﬂﬂq‘iﬂﬂ"m‘jﬂuﬂ‘iz‘\?ﬂ

eawALNa sz W.A.2562 FyrsaziBanuandli Table 1

Table 1 Inventory of Phayao Provincial greenhouse gas emission in 2019

Scopes Iltems Sources Quantities Units
1 Gasoline Phayao Provincial Statistical Report 2,276,000 L
Diesel Phayao Provincial Statistical Report 48,211,010 L
Gasohol Phayao Provincial Statistical Report 30,713,602 L
LPG vehicle Phayao Provincial Statistical Report 1,676,944 L
Biodiesel and renewable energy Phayao Provincial Statistical Report 498,000 L
LPG Department of Energy Business 10,087.52 kg
Wastewater treatment operation report of Muang Phayao 2,226,040 m?
Municipality Wastewater Treatment
Rice cultivation Phayao District Agricultural Office 684,545 rai
Livestock (beef cattle) Phayao Provincial Livestock Office 40,270 head
Livestock (Buffalo) Phayao Provincial Livestock Office 6,781 head
Livestock (Swine) Phayao Provincial Livestock Office 34,762 head
Livestock (chicken) Phayao Provincial Livestock Office 2,085,854 head
Livestock (Duck) Phayao Provincial Livestock Office 58,770 head
Livestock (Quail) Phayao Provincial Livestock Office 8,951 head
Waste Pollution Control Department (PCD) 114,350 kg
2 Electricity Phayao Provincial Statistical Report 391,905,187 Unit

a a )
4.n15U5e RRUS NI SaRNSEAN

NMFAMUIURIHITDANIAIN AHBN1TdRYInAgEeunszanssdudamdn a1naun1si 1 (Greenhouse

Gas Management Organization (Public Organization). (2022)

Tnef

GHG Emission = AD x EF

GHG Emission
Activity Data (AD)

Emission Factor (EF)

1

Ao Usunun1sUassfngiEeunszan

Ao AnduUszAnEn1sUanUassfingEeunsyan

=) a2 2 o A a dl ! [2% =1
P ﬁ‘iN’]ﬂmW‘in“h'Wﬂﬂﬂ’]u‘iﬂ‘iﬂﬂ@ﬂ‘i‘iﬂ%ﬂ [PYNBLIDUNTEAIN

(Equation
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ANFANUIINITURBEANLIEBUNTLANTINNT HWAIITHURZ N W IR ATRNNNTITNANNIST (1) Tos
afaAndnszAvimsUassfnmEaunszandinnun (3 ugilenisdavintdinesdaunszansyiudles amsy
P U 124 = a ﬂl i % as o/ 1 Ady
n17U5IRuNTURaE AR RN TEANaINTANTINEY 9 ANNFOAINI FRNNATNNT A9 (1
s 1 [ = o 1 [ =1
3.1 A15AANISPYE N1TUAREANNEDUNTYINIINNITIANITILLULNITN 2 UL AB LULLWNSY (open
dump) LL@&LUW@NtihﬂﬂuTmﬂﬁﬂﬁ”WmmﬁmTWﬁﬁ FIULUYINBSIHATAIHIMINTITUaas AN EaunTyan las %

WULSNABINTTEBYRAUTUFUR 1 (first order decay, FOD) Bapuani(fissannisd (2)

GHG,, = [{ZX[MSWX x L x ((1_ e )xe )} - R(t)} x(1-0X )} x 25 (Equation 2)

Tneft GHGHNeE U3nnnun1slaasfinti3aunszanainnnsnidnrezfagiin1amnes (kgCoe) uas

MSW. ssnads Uannasnanasianuanadilas i X6 A Louwssdnaninlunisfinfingd v (§u
X A 0

Aumyiuaez) 20ae?t Rensnefis WBanastnafivmiigninausn s lomdbln tensiom) do 0 Xvianeds

' ' '
a

dnaanapsinaiivuiignuasuginimnszuanniseendindu Tnafl XumdfGEudiunnsiswesuiemnes uay
tunidlifaqii wenaintl narindmesiitUienauenuiivuuszuuftaguilenay (Landfil Gos: LFG) (H3
mafmusBinaimaUsssfngEeunszanmuunmnsfinaustngnranEne wasitEaaNnsAIuI
Brnonstasefinsdewnszansaesamaunaiiemeen melfueunei 3
o AR . o y o 4
3.2 M15AANTHRE AgEeunszanaInnisiEndsuuarns i inaisnsnAwaniasannsi
1 Tnel¥rndndss@nsnisusesfingdeunszanainglenisdavinfo@Eeunszansziudmin
o 1 22 =) o/ ES o % = 1 o/ =4
naAuIsnIsUaseftiaunsranaInnisdaniaule Auasld 2 wuu Ae Yeunadaniin
(facultative pond) ATBUARNNWAUTEHNIU 5 A9 9ALAINAT uarN1TUaaafieviall E9n1sATuInfNTIE e

¥ ° % a =
ﬂ‘iz@ﬂ@qﬂquﬁﬂ ﬂﬂuqm\fﬂ@"lﬂﬂmﬂﬁ‘lﬂ (3) AD

GHG,, = {[((Tow ~S)xEF, )~ R]x10'3} x 25 (Equation 3)

'
a A =1

Taaft fa Usnnfinmdaunszanannszuuindmings (kgCO.e) An Usnnoiansaunadiuninds

1 o

@Alansuiilad) Ao Yannuninazneuldeiignasnesn Alansniled) fa AndnlsravsnisUaesfingiimg

A o o

anansdwnad (AlansuflmwAlansudles) uay fe Usunmfinadvuiignindusn sy lom i q
(Alansufivm)
2 ! (% = v ° a Lﬁl a Lﬂ?’
3.3 nMawazlgnane nsdaesfinsEannazansinnianizlgndin amnsaaAenEyuiiiaiu

NENNNTT (4) An
GHG,. = [EFRC xtx A] x 25 (Equation 4)

Tl Ao Yanaufingiseunszanainn1sugndng (kgco.eq) Aa Adnlsrantnistdssfinriaunszan

Tefuressruunisizlgn (\Alansudm(s) fe szeznainismzlgninneesszuunisazlgn () uas

= L A& A o Pt
A8 NRNULINe92199181 (V[‘ﬁ)
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3.4 UARRIUALNITIANITYAA AT NNTUaRLANHERNTZANTINNTRENART A a9n1a1n 2 A9

= a 1d| a 1 =} ‘dl a o/ o o O v zdl =1}
AB HVUVNAIINNITEBEBIITURCHINUNAIINNITIANTIHRINA] ﬂquﬁm\tﬂ’ﬂﬁﬂﬂ&lﬂ’ﬁ‘ﬂ (5) AB

GHG,: = [N x EF ]>< 25 (Equation 5)

=1 o

<L‘ A A a o = . <[ T Gf P o
Agyl  AB UINIHNNNIEaUNTLaNININNITLaga1R1918N LA (kgCoeq) AB I UIULATHIARLHDY (F7)
uay  ANANUTEAVSNITUaRsR1EEaunNIzanaInNnNITtaaa1n1saesia (Alansnimwen) laadn fen 47

Alansuitmwsiala 1 67 anasfnedeunszaniiineinnisdnnisyalaiuaiuandfeinannisd (e) fe

GHG,,, = [N x ERy ]x 25 (Equation 6)

a A a (% = o/ =l o =1 o/
Tl Aia UsnmufneSannszana1nnisann1syala (kgcoeq) A sruaulaluaniilas (57) uay

ANRNLTrAYENTUaasfnTEannsyan (Alansuimsydn) Taaan fdn 1 Alansuimusdala 169

Results

FmdanzienfinisUssfunisUassingidaunszan 2 su fa Basic WAy Bosic+ WAe9yAy Basic &
nMsUABERNTEaUNTzan 667,981 duAsuanlnaen ([wMisuwin veAmdu 1.41 suatsueulnean (s
Wi uinseAn 9Un19971891452A U Basicr 9ndanzigninisUasafingisaunszan 5,093,153 Au
Asuanlnaanl@difieuwin vdedadn 10.78 suarsuanlnean@fifisuvinde aulae@nainanuaulszeing
ananuidensnues U 2562 9149w 472,356 AU (Department of Provincial Administration, 2019)

arnnisRansnndoyafiidmianienfioyaiiemwadmsunigsesulusedy Bosicr d9finan
In&eamanniuadeninndt seiinisaneiidmdanzignseunisUassfinndaunssanlneRersananiy
WARINNFURBY AT EDUNTZANIDUIAT 3 T9T2AU Basic WA Basict HaALATNZANANIT1ENWTZSU Basic
wudn ananEmns 1T waznnsliasTemifian (AFOLU) finnsudasfinsdaunszanuiniiqn Andusesas
86.82 4,421,651 fuAsuaulnaan(zifisumin 989adunfie N1AN1TIANTTYa9LRY Sa8a 4.66 WD 237,121
suansuanlnaanladifsuin nAnd99nd 3asas 5 3o 230,997 suarsuaulneanladifsuin uas

ANANITIUES Sauay 3.99 viaa 203,384 fuAnsualnean (A Wieuwin (Table 2)

Table 2 Greenhouse Gas Emissions in Phayao Province, 2019

Total Greenhouse Gas Emissions (tCO,e)

Sector
scope 1 scope 2 scope 3 BASIC BASIC+

1. Stationary Energy 35,098 195,899 - 230,997 230,997
2. Transportation 199,863 - 3,521 199,863 203,384
3. Waste 237,121 - 237,121 237,121
4. Processes and Product Use (IPPU) - - - - -
5. Agriculture, Forestry and. Other

4,421,651 - - - 4,421,651

Land Use (AFOLU)

Total 4,893,733 195,899 3,521 667,981 5,093,153
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a1n971897% TATINTS NIWAHIANEN WA NEINTETTHINR UATRILIARENTINTA TRBW NI
LA ﬁmmim&"ﬂuu:umﬂmwgﬁmmﬂi:ﬁué’mﬁ’m F9TANz (Office of Natural Resources and Environment
Phayao Province ,2024) dadaun1sUansfingEaunszanuasdandansian w.A.2562 wudn ananems U uay
mstuaTomiian AdndamslassfinmEeunszansnniign agil 86.82% savasnfa nanIgunds windy
22.83% ANAN1TIANITUBIEE WU 4.66% NIANANN WINFU 4.54% ULAZAIANTTLIUNITERNINNTIHIAL

ANS ARSI (IPPU) Winfiu 0.00% suandudndaunslaesfins@ennszantassandansien (Figure 3)

0,
energy sector , 4.54% Waste, 4.66%

"' Transportation, 22.83%

Agriculture, Forestry and Other
Land Use" (AFOLU) 86.82%

Figure 3 Proportion of Greenhouse Gas Emissions in Phayao Province 2019

1. wan1sUszifiunmsuassingidaunszann1Ana 9w (Stationary Energy)
Bt w.e. 2562 nAndssssInTanzianfinnsuassfinsEeunszanainnistiinasnuluianssy
g o aeluiidondn Tnsaunaaduununasnisudossanidu 5 ngumdn fail
11 winmbiiinende Anesesfe@ennazan 89,925 sumsusilnaanlafiiauwin Seamd
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1.3 wassmlugaamnsssuaznanesdne fnsasefiteEeunszan 62,885 suansusnlnesn (s
Wewin Andindesay 27.22 vssnsUassina@Eeunszaniunandsim viesenas 123 spsmatassfitnEen
navanfiasasdndn dafunnsndsamanmingiuioa didiuen uazfnmedis (LPG) Tunazuamnianan
(Bisammam didamasTugaamnssaman iuazansdenw
1.4 Wasemluniainens Unl uazdsza fnnsusssfinBeunszan 1,217 duwasuewulnaan s
Weuwin Anfiuieuay 053 smenisUaesfnsBeunszanlunianasn vassesay 0.02 18ensUaasfnsEen
nazan e in Sunainnalinassnlufanasayanisinens U1l uaznaiazag
15 wassmlnuna o igsnsnszyld fnnsddesfiimdounszan 1495 duanfuanlnaanlzd

Weuwin Andludesay 0.65 289N19Ua0RNHE aUNTZaN IHNTANAINTH Yaesaaa: 0.03 Badn1sUaasfEEan
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nazanaaAresd iR Sendnslindsseasiansand ilaunaadnogunguin ¢ T i misssumns
uwaz Iasyan o

2. naMsUsEiNMsUaaE RS aUNSEINNIANTSYRAS (Transportation)

AAnsaudaiivuraslaes i@ aunsranannnsn idemadnense mussdeuds 6PC wi
apniin 5 Usziam THuA Mn9aum 1119579 195 Meennne L suusvneundi (g e

T W.a. 2562 F9ndAnzLenin TR a1 EE 8RN TEANIINNITURRINNNNE 9711934 203,385 Fid
msusulneanlzdifeumii Anfiuiooay 3.99 189n15UdeeannrasTnda Tngifineannistdinusioa
WNLWBY LPG uasuRalrgedelsnysng T TreiinnsUaasannnTEUEmINInRimINe wans X WindngUuuy

[
a2 g

nadWweitonsneuiuazsadnseeui sy aradiunan

3. NaN1sUsTRRNSUAsEA S aUNSZANNIANISIANIS2BIRE (Waste)

VBURYIINYNIUUATNAARINNTTH ﬁﬂ‘ﬂﬁxﬁ;}@ﬂﬂmmtﬁ’]lﬁﬂ dlormnszuamnstssamzazUsey
fnFaunazannan Hun COz, CHa uaz N20 Tnsmnuazdeuds GPC utiafiu 4 Usunymdn
Ml A 2562 SmdanzienfinisUdesenn 2 Aanssuman B
3.1 nsfnaurpzyades Usssfinafivandiv 176,962 suafusulnesnnfdsuwin Andnies
AT 74.68 1BINNAYDIRY URTEDENT 3.47 UBTIANA NIUSHRANTEAR First Order Decay (FOD) Femnfviionates
NAEATANTENYE TR NN SRS B eR U TT aBmAsnaRenay
3.2 MIsanainGe Uassfns@eunsy 60,158 suariusnlnesndfiauwin Andudenas 25.37
YevnATERY uariosAL 1.18 1I8miviN AsauAgaLieingey sruutitaiuRe uazundaindeiibldngsron
4. mﬂﬂs:mumsqmmvanssuuaznqs%ﬁwﬁmﬁ'mﬁ (IPPU)
1A IPPU mﬂ‘umgNmﬁﬂ@'@ﬂﬁ”qeﬁmﬂm:muﬂﬁwﬁmﬁf@iLﬁ'm%mﬁumﬂmfmﬁL%@Lwﬁ\a penalafinu
annn1sdnsradoyatiudinengaamnssudmda wudn Tl woe. 2562 Sandanzignliffenssntn

MANTEUIMNTEARMNTINTENI e TUd s EnsEnfl FelHfn9UassfnwEaunszananna IPPU

]
e

5. manuas UG wazns sy lemifine (AFOLU)

na AFOLU fiuunasdasendnuesdendn laguUsaes COz, CHa uaz N20 a1nfiansansing o uladu

3 NENEBY P9l

U &V =

5.1 nMadpnsugandusesfinmdeunszan 68,314 dunsuenlneanladifieunin annszuaunis

g

wintuanlduaznisdanisyadng

'
g a L3

5.2 natslsy lemiAfuwazn19lasuulasnig mdss lada

a

A (Land Use Change) Uaasigagn

U 9

v
A

2,849,611 siupsuanlnenn(@ideumin Anduiasay 55.95 109WimuA SiaUUNUNEATYIBIRUALIN N

D_

inums waznswasuasns ARl mdn
5.3 S0NUNAINUa DAY T warnsUanedi il Co, AR (Aggregate sources and non-CO2
emissions sources on land) %4l 2562 FwTanzeninisusssfinndennszanann
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Abstract

This research aims to design and develop a community-based digital platform for managing the reservation
of agricultural equipment and labor, with an emphasis on resolving delays, improving coordination, and establishing a
centralized system for accessing agricultural machinery services within local communities. The platform facilitates the
reservation of agricultural machinery, such as combine harvesters and rice transplanters, as well as the hiring of
agricultural labor for various farming tasks, including transplanting, pesticide application, fertilization, and rice seed
seeding. The system is designed to provide real-time information on the availability of agricultural machinery and
labor, enabling farmers to plan their operations more effectively and reducing errors caused by unstructured
coordination. At the same time, the platform helps service providers manage their resources efficiently through a
flexible booking and scheduling system that accommodates diverse community contexts. The platform development
process involves user interface design using Figma, application development using the Flutter framework with Dart as
the primary programming language, and data management using Supabase. Currently, the platform is accessible via
desktop computers and mobile devices. This research examines the functional correctness and practical readiness of
a digital platform prototype for real-world use. A usability—based evaluation was conducted using simulated scenarios
with ten farmers as representative users. The results show mean usability scores ranging from 3.0 to 3.3, indicating
a moderate to fairly good level of usability. Overall, the platform is feasible for practical application, although further

improvements are required to enhance user satisfaction and suitability for community-level deployment.

Keywords: User—centered design, Area-based innovation, Agricultural machinery management, Agricultural labor

booking
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Introduction

Uszmetneiulstmeiifinanemsnssfingnumsugiadidn lnseniznisinndedunumsoas
SuAmEMELAAT TR DT (ASEAN AgriFood, 2024) AszLianntavinutsznaufinevansdunen i
M maUgn naguainen uaznafiuies Sduusariureudiudosenfurdasdnanannenianess
uazusnsIdaie innssnfwnuiulledesilssavsnmuasyisiedasnnsiiinnsfimsnzan . damddsy
yoainuRsnaRefweAsasinsfiguaznnsTiaedasdnamenisineesif ifisussansnm Safiugiasanste
MIANNaNAATUNGHINEAENTIN8EBY (Someerunnisa et. o, 2025) nANERINaINTIAlanYTugLasTAFATY
sndupuesesinsfigouaznisiaugunaoifbidassansnmuutiu Suorahmanya et dl, (2024) Tiaualsing
\isugRauLNTT (Shared Economy)HunapwessizniAEasdng Agricomect iletneliinumanaidindundosdavie
Tmnsansgiosnisusiamfimanzas Feasgannisznenis@uuazdaadsnasdsdy Tnefinnsiimalulad

g

tleyayrus=hing (A) Lmzﬂf]‘iﬁﬁuimmm‘%m (Machine Learning) mT%TumﬁmmM%mwLﬂwmﬁﬂﬁLLaxLLuzﬁq@ﬂﬂﬁiﬁﬁ
AT AHABIRNNANAR FaafleyniAenniu Angj et ol. (2023) WAz Sameerunnisa et dl., (2025) {FdNLEUBTTULLEN
gunsoianader i uuoUna A uasfinAduang Verma et dl, (2025) TR mWITE UL Farmers-I Connect 1in T
nemsnadntegunsalinade anannudiasnisimuduweundindi anmafifisadalFinniadisefuiiniayioun
Tugaan maendnl sinadiasuazdnaudls Smdameien maridanriesdnInaLAzsIHIINTINEATEans
FNARNEUULANAN 183 MaRastalazamsiinsiwivdanisuandadinie b %@Tﬁimmmmm%mﬂﬂ
aawdanTimeminennsosradiussuuuasuouEealing TasemnzTudaengmazlgninfdanudesnisli
AR NTUAZLINIUGY denaliAnTioymaainsndituntadfineu nn79sAatndeu niadnaTTnENeInadi
Triwnzanuazeagudnanslioyadmsunisuanasdanmansneinssanii. anmniselnenanassioutiegesdediiu

a a

N3LAMFTANTININNINNNTNERTISTAURNT FedanansznulaensssieUsyAvBninniandn fuyuaan uaz
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seliveanumans dnvidafiuguassasianiaimunnanessnssbifnadingssunatiaegrafinssuuuas i
udiazfinmimaluladfavias i unianisinunsifinsanduMekchay et o, 2025) usnnsiszend Hunaniasy
Aavafinaulanduiunasduygam Tasyiantindifugudnanslunis§an1an19909AE 0999 ALAZIINING
manepssslinuns it uioys
TnssnnAdeiiqaszasdiionanuunuasimmniuueindiniuiisasiunissnsedesdnsuaamndy
i Taesjarhudiumamiasai BianisismanuaziBiamsticn Tnedlameetnasnsodiiunisens
pEIAFBUANIUENNTYes [FatwazainuazsaniE e inuwAeiulsd dasantiymiiiisdnannianieya
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Objectives

1. iaganuULLATRRWIUNaANBSNATT AT AugnuamiuITugudsaniayaguUnaolirdasdnanauay

LSINIRNNNS N ATRIRS U

Methodology

FddusaimmunannestRaTasziugnmivgudnansluns@eslavdeyassndtinensns §ans
WUATBITNIUATTUANNTN UAZEHIANITUNAANDTH NBETLARUNITIANIINITIBIATBITNINAUATIIINIUN
NANEATIHNTTLINNITIIWT FagnszuauntsAn@aeanuuu(Design Thinking) (Brown, T, 2009; Liedtka, J, 2015)
aa o o ao & v < I ] &
FBnarun1sisetiszneufion 5 Suseunan fasia (Uil

1. N9BUUNIAANTTIAE (Research Framework)

Viunmssgneneasnssariungsinuasnsinunina tuituidmdanzien 9aggvinnansdtgueuiaas

q

fpenauindsinsesdnstumainmn sl g5udnetunmevinn  ngusinegnwinnnsuinlngdtnisusnde seunsann

U
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AUSAN MnuAAEdaINIaEn daean 1A TlrenrdastuAEdasntaazenn iunaRasied iuans fesen
Tifiteyaraniiudneewde Tayadu ¢ Usznauntadaiilanids swATeilRueuAmaneasszuuiiunng
denlasdioyaiMiAn1awraesdng F3udneinn uasnganenanaifiondwinndnfsiusintsrouglioyanans
iamiumpnsUAmsianaminenslussiugneuesinainszou Tneinumsnsansnsansaeaeudasaadnuas
yinmsananaasinanavdausmiliniuunasasuifies aneAflivanisdiaisnsadanianansen ssesey
AAHEANT9B9 UATLINININEINTresnH FegalusANE AT TaanEsEnsTineein Sanadiesnisiudng
i

uanend szuudsfinnsdmidnieyaiszifinisessuarnisasfiuganinnnsiinng emiva
nstsUuasimInA s s iuanslusrezens maissnduuenaeditienadeiEmabidagnan T
Figma ﬁﬂﬁ%’ﬂﬂﬂ‘m@ﬂLLUU%&Q%@W}'@%T% Flutter Framework(Flutter team, 2026) wazn1e1 Dart (Dart Team, 2026)
ANn¥unnaRmLIuaUNALAT Visudl Studio Code iflmagnsiiaTuntaid anlusunasdandu Gittub (GitHub, 2026)
unasnasuaenlaiiliunsdnnisnesturssesalin sossunisnanuuy Wam nasauLazsulg9sEUL
FANAUIFIINANIENTNATILARBANTEUINNITANANINIGY LAY Supdbase (Supabase Team, 2025) 115U
nadafuuazazuaanateyaluszuugmiieya lemansadndeszuiuaiatisdumesidaion
paxfampfuazglnaoinnm efinasdanehtunsTiuassnssuudumnialionduinigmm uwannesud
aximiinfifindenanstunisdenserannFamersuaz Hidniaaasdnsuaz A3 udnaviaua(Service Providers)
Haan1sunanwads(Platform Administrators) TneisiunsMeufiazaanniseaardassnaunnsvinun i uitng e

yieulFuuuBEead nsauusnAnn19iTauanes Figure 1
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Monitor System Status

via mobile application and Operations

Receive Booking Notification

*

.
Control and Manage
Platform Operations

Platform Administrators

Farmers

Send Booking Notification Confirm Booking

Figure 1 System architecture and information flow of the proposed community-level booking platform

2. MaATzdngul [Euuazanufissnsaassyuu(User and Requirement Analysis)

HA9INNNFALATIZANTZUIUNTIN IS IuitiRnEn Sunemenals uardnausle dmdameien s1uun
ngng HreeT LU AR iA A B9 TTBNUA AN AT

! @ 1 9By o a ¥ ¥ = = o

1) nganERIng (Farmers) inemsnaiiungsd Hmmanuesszuy Trefanudesnsiunadnfasdesinana
UAZUSINHN NSRS 191 3000 s0fieadnn Tasuninen sonfaussnnsudnsdmsuianssusine g [Hun nawdan
wan mMandmille uaznianuansel szuudsgnesnuuuliinensnsaansasiasasndn dunn uazidentiuinis
WA NIUAZLS N TN THUNARNE A Tneaninsnarydull et uazseazBuants Hedidesnisi wenamiu
INEAINIAINIIONTITEBUINYALBLANTIINLENNT 130 USnMAZesdng AHEHTa2e9usnn Heulans
Wusns uazaamznisass sruvesnuULsassuNsuA s seniannisensnialdSenladuaan eilaiu
HANTENUABNNIINETIMNINENTEB9E LA Aasneuiifrtunsfinmuaniuen1sassuasnsudafioudsuia
A a A ¥ oA o < = ¥ oA a
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wazTiaiauaunsrnuszy Fediayadenangnir T tunnsusulssnmnmnistiranistussezen

2) NANAIHLBNSE B BITNIUAZNGHUTINTWNNNTSNERAT (Service Providers) szuuapnuuutigfians
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Figure 2 Use case diagram of the proposed community-based agricultural service platform,

EERb Rl ITEE

Jiassvitaya

illustrating key actors (farmers, service providers, and platform administrators) and their interactions,
including searching resources, submitting, and confirming bookings, receiving notifications,

updating machinery/labor status, and overall system monitoring.

3. aanuuulassadwuazRanilaunssNsEULAaY UML(System Architecture and UML-Based Design)

TuaAaeR1E UML (Rooch et al., 2005; Dennis et dl., 2018) Wupapsflananiunisadsuuusane@eszuy
ielinsesnuuuaniinenssuszuuiianadaien iusnpsgin uazsesdunisimsnunaniesslussiuysm
waaslefitunsnssilasesdnesruy wmidsefiasnuuuuazinssidag 5 Tnazunsuman [Hur 1. Use Case
Diagram @?m%’umemwé&’mﬁuﬁﬁwmﬁsf%muﬁ’uﬂqﬁ%’mmi:w 2. Activity Diagram AmSupBUNST LT WREN
YBINTTUINITVININAN 3. Sequence Diagram FMFLUAANLTA3sHE5ENI989AUTENUYBI52UY 4. Class Diagram
amsurimualasssddioyauayaaANRHEaBewiFeng o uaz 5. E-R diagram (Entity relationship diagram) Tnns

PONLUUF MDY ATZULLUY Relational



o

1156153 8INTINB N IRAUNINIANTINBINUA (JSID) T7 7 aUudl 2 waunan — Fmnan 2569 | 143

4. NMSNAMHIMNAANBSNHINA(Digital Platform Development)

ATTUUNTRRILNARN S NATT AR N N1TeanuULaaN TR TTu IATIaS19sruuLiadin 2 navuaunig
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5. NMSNAFAULATUSZIRRAITNNSBNUBISEULSEUL(System Testing and Evaluation)
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Tneisanudn WHHNNHEE A IDNNTZ LISV INIIBN S LA TILARWNNSUE NS ANIINSNEINTNINSINEAT W
szugrruetnaiivszuuanauairennsUszasuuuLin As9aA3Ag1e9A Activity Diagram 28991457 0L

uamasiaguTu Figure 3
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Figure 3 Activity Diagram illustrating the booking process for agricultural machinery and Iabor management within
the community-based digital platform, detailing the interactions between farmers, service providers, and the system from

login and search to booking request review, confirmation, or cancellation, and eventually service delivery and review.
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(Control Object) Waxaz1Lg Himsa (Dotabase) T Sequence Diagram wasiliifidumanunatlszananadausinIsEs i
sasauiantaiudunaniseavetnafiuarin nazuaunsdnduile moandiauuumesunisens dadandasef
(Booking Interface) szuuazuARIILLNESHNNTTasRa T Hsmnaondayaiidntis wn siaedasdns@ousen
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IR DANAUNNTUSEHIRHARINATINLIBNTTUL 910153 Control Object 92¥IN13AFI9FBL AL IDIARBIdNTIED
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thfindoyanisanssastuginioys wiandsanuznnsBuginiseasndusnds Control Object iflonisaasdnsa
Control Object azastiaarudniunsensluivaafinded ¥ uazuamsnanisdudulimauma Twnnauiu win
HANIATITFBUNLF AR DIS NSRS NS an T dugaaandiZaswa Control Object A& AIIAAIMHUATIANNTHE
Tinsanlfnmnauluidndasiedl Mausnmalirnamaussauianiasuniseelimuasmanzas
28819 Sequence Diagram AIWMTIZE9NTITIBIAR BITNINALATUINIHINNITNEATINNITAATIF TR

uaP9FegU Figure 4
U

X O O

1 ] 1
| 1 I
L ) o I 1
Open booking form() |

\ 4

Check availability(vehiclelD/workerD,
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Submit booking ... Retum avallabity sialus_ "
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Send booking confirmation | |«¢---- Confirm bocking success ...

- -éﬁﬁ-ﬁna;ra}lgability mess:;ge
... Display booking confimation | (-

«--Display unavailabilty message | T |

Figure 4 Sequence diagram illustrating the interaction between farmers, the booking interface, control object, and
database during the agricultural machinery and labor booking process, including booking submission, availability checking,

booking confirmation, and system feedback.
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A lAndondoyamuunuam (gu ineasna/finn) anmdind Hitieuaige uaznissiunisdanisiia@an

WHFIU AR

province_id £
province_name

image_url

feature_id &

feature_name

BookingCancellations

cancellation_id £
booking_id &
cancelled_by
cancel_reason

cancelled_at

Notifications

varchar(10) NN

wuid —s——+ user_id &
varchar(108) NN username
varchar(255) password_hash
. full_name
email

phone
uuid —
user_type
varchar(18a) NN

—= province_id &
created_at
updated_at
uuid

uuid NN =

vehicle_id £ &

text
—= feature_id 2 &

timestamp

uuid

varchar(50) NN

varchar(255) NN

varchar(1ea) NN

varchar(18@)

varchar(20)

varchar(18) NN

uuid

timestamp

timestamp

VehicleFeatures

uuid NN =

uuid NN

BookingStatusHistory

status_history_id £ uuid
notification_id & uuid

booking id & uuid NN =
user_id & uuid NN =

old_status varchar(18)
message text NN T

new_status varchar(18)
is_read boolean

changed_at timestamp
created_at timestamp

changed_by & uuid >

ContactMessages

message id & uuid
user_id & uuid =
subject varchar(255)
message text NN
reply text
created_at timestamp
updated_at timestamp

-

vehicle_id £
renter_id &
vehicle_name
vehicle_type
description
price_per_day
province_id &
status
service_capacity
location

is_available
booking_allowed
booking_advance_days
booking_latest_days
is_published
created_at

updated _at

uuid ——
uuid NN
varchar(188) NN
varchar(50)
text
numeric(18,2) NN
uuid
varchar(1@)
int
varchar (255)
boolean
boolean
int
int
boolean
timestamp

timestamp _ ||

- booking id &

vehicle_id &

: farmer_id &

renter_id &
booking_start_date
booking_end_date
total_price

status

created_at

updated _at

numeric(18,2)

uwuid —+

uuid

uuid

uuid

date

date

varchar(18)

timestamp

timestamp

Vehiclelmages

image_id £ uuid
vehicle_id & uuid NN
image_url varchar(255) NN
is_main_image boolean
created_at timestamp

review_id £ uuid
booking id & uuid NN
rating int
comment text
created_at timestamp

activity id & uuid
user_id & uuid NN
activity_type varchar(10a)
description text
created_at timestamp

Figure 5 Database schema of the agricultural machinery and labor booking platform, illustrating the relationships among

core entities including Users, Vehicles, Bookings, Reviews, and other related tables.
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Figure 6 Example screenshots of the user interface for farmer, illustrating the search, service detail viewing, and

online booking of agricultural machinery and labor via web and mobile application.
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Figure 7 Example screenshots of the user interface for Service Providers, illustrating the management dashboard

and booking administration features within the community-based digital platform.
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Figure 8: Example screenshots of the user interface for platform administrators: the Agricultural Service
Management page, where service providers can view, add, and manage available agricultural machinery and labor

services (e.q., tractors, transplanting labor) with key details such as price and availability status.
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Figure 9: Example screenshots of the user interface for platform administrators: the Member Management page for
platform administrators, presenting a searchable list of registered users with role-based information

(e.g., farmer/renter), account status, last-active date, and basic account management actions.
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2. HANITNARBIHUTZUL

AINNTTLINBBNUULLAZARHIUNAANDSH TnAdelAsauiuasnuuunasauAINaIsIsalunis g
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Table 1 Mean scores of the usability and system evaluation for the community-based digital platform for agricultural

machinery and labor booking (5-point Likert scale; 5 = highest).

Evaluation Criteria Mean Scores (5 = Highest)
1.Functional completeness 3.2
2. Ease of use 3.1
3. Data accuracy 3.3
4. Interface appropriateness 3.0
5. Response speed 3.1
6. System stability 3.2
7. Multi-device compatibility 3.0
8 Data security measures 3.3
9 Readiness for future feature expansion 3.1
10 Overall satisfaction 3.2
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Abstract

This study investigates the decision-making of rice farmers in Phitsanulok and Sukhothai provinces
regarding the reduction of rice residue burning. Data were collected through questionnaires from 192 farmers and
analyzed using descriptive and inferential statistics. The results revealed that access to irrigation, social conformity
behavior, farm size, and income from rice cultivation significantly increased the likelihood of burning rice residues.
In contrast, participation in agricultural programs organized by the Ministry of Agriculture and Cooperatives was
associated with a decreased likelihood of burning. Farmers who received subsidies for plowing rice residues back
into the soil were 18.41% more likely to reduce burning, while those who received microbial decomposition agents
were 13.61% more likely to do so, compared to those who did not receive any support. The study also found that
removing both measures could lead to a crowding-out effect, diminishing farmers' intrinsic motivation to reduce
burning for the benefit of society. Therefore, it is recommended that the government continue subsidizing plowing
costs, accelerate research and development of effective microbial agents, and encourage small-scale farmers to
participate more actively in agricultural programs. Public awareness campaigns should also be promoted to
emphasize the negative impacts of residue burning. Additionally, farmers should utilize agricultural machinery that
facilitates residue management, plan their field operations efficiently, and integrate knowledge from government

programs to maximize the household use of rice straw.

Keywords: Agricultural waste, Reduction of burning, Factors affecting decision making, Influence of measures
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msfnEuaznIsesnuULNaaaasifiesiinisulengnsedaiiungudes nguas 4 au Felivinnisseneso
pg1afinsuaniedan 192 518 Usynaudapinumsnsandamdafivalan s1u9u 96 318 uazdandn glavie

F1au 96 518 Tneniadiungumun (Control: C) ngummsNTsRAMIATaNAL (Treatment Group 1: T1) UAZNEH
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a A o 1

NmINsELRITeq AuvEddasaatanadeuarnieding (Treatment Group 2: T2) NANAT 64 318 AGUARAY

T Table 1
Table 1 Number of Sampled Farmers Unit: Individual case(s)
Provinces Control T1 T2 Total
Phitsanulok 32 32 32 96
Sulkhothai 32 32 32 96
Total 64 64 64 192

source: Survey

1.2.2) ManAaD IHaWINALSZAY§EM (Lab-in-the—field Experiment) Tugtuuuzasnsianing
\WWenasaudvinazasnisgarnusanisindulaaaniswn inulamniinseenumsns lnefinaifiuiiayasn

AANTINNITERNNADY HaTUReNTTHANAINTANNEOINERTnT lae MuLLaaLaIN

[
3 a a A v

1.2) #ayanRagf (Secondary Data) iiun1sifivsrusandayaiifisaliasansiaeunisfine

\BNANTABINTT UVAIIH ANt 91398619 o sanfeniadududayanivBumesiis arnmideeeuniasy

LAZIENYH DY NTNNTTE19 NTNATINTTNEAT LATNTNEILAINNTINE AT L‘i’juﬁu

2. msAaseidaya unstnssiiieyaidadiaim (Quantitative Analysis) Tt
2.1) afABINTINUN (Descriptive Statistics) BFUNYANHULAIUYAARYBIATUTDUNEATNINGH
1889 ANARTINIBNNEAINT wazanaznananinwnD Tngenfeuiraeclontea@nisig 7 Tud ALnAe
(Mean) AAaNE (Frequency) uazAN3a8ay (Percentage)
2.2) aARIBIBYNY (Inferential Statistics) Tun19AATIzitladefifeadasdunisdnanulaintian
wide s undnnreanuensnsine Huuudnassladn (Logit Model) T¥lUsunas Stota Tunnsmnuanima wazdasnzy
BNBNRVBINIFTNNTANNUULINRBUTIUTENY (Empirical Model) Tael¥uud1a89 Difference in Differences (DID)

Regression Model

Results

1. flasniidenaiansiuniaqnaatiluundnzainunsns
nnsfinuntladeiidenasianisdinanlamniaqmielluundnaeinenans feanisUszano
Amnsnfimeslaalfuuudiasdladn (Logit Regression Model) W91 ﬁﬂ@é’ﬂﬁmwa&iam‘zﬁmﬁﬂmmi’mmf‘msf%
Tuuntinnasinupansiudminiuolan uargluie sdnsfiiadidgmeada Tneffadaniafunaeiidmsu
wnzgniing wofnsasnisaadsan aunailafiuniing uazaneliannnismnzlgning danadeniainanls
wnianmaeliluundnnesinupansifindu daniaduniadindanlasenisfninensnmnasnaannsns uaz

annaol daaliinunsnsindulasnpnianwielianas douanslu Toble 2
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Table 2 Estimated Factors Affecting the Burning of Residues in Rice Fields

Variables Coefficient St. Err p-value Marginal-Effect

Household socio—economic dimension

Experience in rice cultivation (years) -0.0283" 0.0170 0.097 -0.0022

Income from rice cultivation (THB per rai) 0.0015" 0.0003 0.000 0.0001

Agricultural Laborers in the household 0.2461 0.4277 0.565 0.0190
(persons)

Straw management training -0.5022 0.6777 0.459 -0.0387

Participation in agricultural programs -1.3796"" 0.6584 0.036 -0.1063

Production characteristics

Rice field area (rai) 0.0328" 0.0162 0.043 0.0025
Availability of irrigation sources 1.4320" 0.6344 0.024 0.1103
Ownership of a tractor -0.4654 0.7737 0.547 -0.0359

Farmer behavioral characteristics

Social conformity behavior 0.1390° 0.0788 0.087 0.0104
Risk-seeking behavior in the domain of losses -0.4643 0.3528 0.188 -0.0358
Discount rate (ratio) 4.2964 3.3628 0.201 0.3311

Environmental and health aspects

Presence of chronic respiratory diseases 0.0129 1.0000 0.990 0.0001
Perception of impacts from burning -0.7586"" 0.3779 0.045 -0.0585
Constant -2.8635 5.6606 0.613 -

Note: " indicates statistical significance at the 0.10 level.
" indicates statistical significance at the 0.05 level.
™" indicates statistical significance at the 0.01 level.

Source: Calculated by the author(s)

2. BvBwazasnnasmsiiiisndasiunsdafulaaanisunuanunsns

THfmunnpanisfidnaseniasdnanlaanniswidanmie ¥ luwndnngeinenans samau
2 #msns [Hud 1) snssnsgamsurnlonay uas 2) smsnasiusywiadeq Avvidddesaasnadouaznag
#inn TaeT¥uuus1ae Difference in Difference regression Model (DID regression) WAEANHANTENLATRAN (Marginal
effects) Dunuudaasit 1 uanawantamasay Tnalulddaulananquanuzinumsns (Control varibles) WAz
wuudaanst 2 Tddaulartuudnsnzinuasnsiienaifdsadasiuniadnauls 4w 12 dauds Hud
1) Uszaunsallunismnzugniing 2) sreliennismnzigniing 3) suuusssnaneastuasa@Een 4) madinsas
ausHNTEdANITedILazngig 5) nadindanlassniaditnununsuninaiy 6) aifiefinnting 7) matunds

Wdmsumnzlgndng 8) nsisaunsnieas 9) woAnssunIIANEIAN 10) WORANTTHTDUANIAES LR
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magayide 1) n1silsadszedafianiuszuumadiunale uay 12) Ms33nansenUAAdNaINNSHNBING
ANSANE H9neavidennsl
1) wanaaseuluuLdassd 1 wudn tugaslineasnalisusnaanisgammelonauuazsnnanis

A o 1

auaRWiEaaNradtagaaenadIuaredng (Phase 2) AIHITNAANITHIZBNNEATNTBENITITHA AN

'
A

a0F o szAUArmEeiy Feuas 99 Tnenguil#summsnisgemanlanay Swnbintunsaanawisedouas
Wnsdng (FndszAaiiuay T1 x P2 = - 1.082) B9a1nAn Margindl Effect wams Wfindninumsnsfilisusnnanis
gammudlanay Alaniaannisinias ey 18.41 Wleifeuiunguasugy (Contro) wazngufilisusnmanis
aumpiadesRwadtesaaeradfiuazniedinn fualinunisannissneedeuaznieding (Adudazans
AU T2 x P2 = - 0.800) B431nA Marginal Effect uamsTifiudnnunana B3usnmaniasiumpiaidoqaunad
doprnenadouazinetng flamaannisinias Seuas 13.61 Hefieuiungsaauns (Contro)

2) wanmaneseuuuLdIaed 2 Safsdausmunifeaiugudnuasiiavinasoinesansiy
usaes Bainsanamasey wudn haasfiinesenslisunimsnisgemuenlanay uazsnpenImTUa

FeqRuiadtessaianatanaznieding (Phase 2) MANTORANITINNZBNEATNIBL WRTBANATYNIATRA 0l SeAv

'
%

Aosidasiu Sanaz 99 Tnunguil(Fsusmaniagamanlanay Sualiadumsaaniaunpadauasieing (dn
futlsvAvdifiuay T1 x P2 = — 1.094) §991nAn Marginal Effect meTﬁLﬁmﬁLﬂwmﬁﬂﬁﬁTﬁ%uuﬂmﬁﬂﬁi@qWi,}um
Tonau flanaanniawias Sasay 18.67 LﬁﬂLﬁﬂUﬁUﬂ@jNﬁ’)U@N (Control) LL@m@juﬁfﬁ%’ummmﬁﬂﬁuwuﬁq
deqRuvaddesaaenaduaznisting fuualialunsaaniamiseduasiineing (FAndnszandiduay T2 x P2
— _ 0.795) #3970 A Marginal Effect uamais L‘ﬁud'}Lmﬂmﬁﬂﬁﬁfﬁ%umﬁmiﬂﬁﬁﬂﬁumuﬁqL%@qﬁuw%ﬁﬂ@ﬂﬂmm@
Fauazninnileniaanniswias Seeas 13.55 Lﬁ'mﬁﬂuﬁ’umjmmmu (Control) fauamslss Table 3 iaviu 4z
Fulidmanisinunlifsuudaseinuoudiansdt 1 fsaqulidmansnisgavnusdalanay uazsnnsnis
avfumpiadagAwAdtesaasnedouaining deasanisipaulamndanmistiliundneeansnsns
ANA

AMSUNANTTNLIBNHIAINIIABusIgelana iulunisanniswsainensns (Crowding in/ Crowding
out Effect) N97IRA@LNANIZNLYBINIATNITEAYIWAT [anay (T1) memmmﬁﬂﬁmwﬁqL%y@qz‘ﬁuw%ﬁﬂ@mmﬁ
adauazneding (12) siausegelaannnetuesanensnsiunisinanlaanmswnlning Wetslemlaasdony
(Social preference) AnsnsnanaBEaistWFissnannsinnsns TnsaunsafiansonFeinaArdndsand
289 mwmm"fumju T1 X P3 uay T2 X P3 BamnnAtdnUssRyatiuumn (+) mungnnudnunnsnissanans aana i
useqslaannaneluasainunsnsanas (Crowding out) nanaAe Heanannsl¥snmaniale 7 usilnuEaInIgas
usegelaanneluessmuestunsinaulalianniswinedeuazrnedinatuuniinnsasmues Walszlomluag

1% '

Faan uaznATNUsEAVE iuay () mngaedaInaiinas dewalusegelaatnnietuesanuaens

a

= s =P~ a Y . o A
WWHZH (Crowding in) NR1IAS LN@ﬂﬂLﬂﬂﬂq‘jTﬁN"lﬁl‘iﬂ"l‘iTﬂ q LLL‘]Lﬂ‘l&IGl‘Eﬂ‘jﬂ\‘iNLL‘N@\?T"V@"IT‘IQ’]%T‘WU@Q@I‘LAL@QT‘HW‘I‘E

finaulaannisWinadiaznisinnluniinneesaues elselaniaasdInn aINNanITaANaL W41 nng E

=4

Nﬂ@]‘iﬂﬂiﬂﬁﬁ%}uﬁﬂfﬂﬂ@u uazNRTNNTETILAIINEe Auvadd spaanenadauareding FINasanIssinaula

W NERTNTAANITHIRBFILAZNIE19 st THAB IAAAIMNESEN HaeennInaniBnnIs EuI99nN15AINanT ax

AINA A NEATNTAARLE N aAN T HIRaFIuarN9E ninnaasnes ielsylsminasdsnn



162 | The Journal of Spatial Innovation Development (JSID) Vol. 7 No.2 May - August 2026

Table 3 Estimated Effects of the Measures Using a Difference-in-Differences Regression Model

Model 1 Model 2
Items Marginal Marginal
Coefficient  St. Err  p-value Coefficient St. Err p-value
Effect Effect
Treatment: T
subsidy treatment (T1) - 0.767 0.360 0.032 - 0.131 -0.721 0.328 0.028 - 0.123
subsidy treatment (T2) - 0.768 0.368 0.037 - 0.131 - 0.859 0.357 0.016 -0.148
Phase: P
P2 0.096 0.313 0.760 0.016 0.097 0.312 0.757 0.016
P3 - 0.247 0.434 0.570 - 0.041 - 0.245 0.432 0.571 - 0.041
Treatment x Phase
T1 x P2 -1.082"" 0404  0.007 - 0.184 - 1.094™ 0.403 0.007 - 0.187
T2 x P2 -0.800"" 0.310 0.010 - 0.136 -0.795"" 0.307 0.010 - 0.136
T1 x P3 1.104™" 0.348  0.002 0.188 1107 0.349 0.002 0.189
T2 x P3 0.835" 0.374 0.025 0.142 0.830" 0.373 0.026 0.142
monitored in the previous - 0.018 0.142 0.900 - 0.003 -0.014 0.143 0.923 - 0.002
round
round 0.011 0.068 0.869 0.002 0.011 0.067 0.871 0.002
Constant 0.767 0.271 0.005 - 1.008 1.342 0.452
Other control variables not available available
Note: " indicates statistical significance at the 0.05 level.

" indicates statistical significance at the 0.01 level.

Source: Calculated by the author(s)

Conclusion and Discussion
fladeiadmaliineasnssinaulawfisdunniiga fe nMesfuasindmiumnzlgnino feswinnsd
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