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Jatuanndugaudnunitiyyuseiviideatiassd (Generative Artificial Intelligence: GenAl) unldiiiy
JulunisdanisFeunisaou 1539 wazn1suInIFiTIng widundyaruimiedumnudodngnidiinig
aARveIdaNeIiu NsAuATEIaYAdIuYAAA LaYANVEDLAM9RARR yasgfiumsiiugualuuiun
gaufnwlneddlddanu uanuiiifngusrasdifoduanegiosdanudifeatulonia anuides waguuanig
ifugua GenAl luiusAandnvesanitugaudnwilne Ingldnismuniuissaunssu@alinseiuuuussey
HAN1TIATIEYINUIN GenAl fifnaamlunisenszAun1sBeus 1$593n15398 ve18USNITIVINTG BusnYUsAn
JussTuAdvia wazifinussansamnnsuinsians vaiieriudsinnudssuautedndnisivins end
M3dane3fiu n1sannssvesinugnshn Miduasesteyadiuyana wazauwdondluntsddanalula
Han1sdwATIzRilUgnsiauensauLwIAnNIsiiugwa GenAl dnsuanidugaufnuilyne lneysannisnis

(%

Mivguasgauuleuty an1du kagn15UUR 1eas19aunasenINuinnITuLagN1SUINITANULEES

a [

Addey: Tayay1Usehugidaasneassa aaudnwilng nsmidugua Al iusivanduaaudne wleuewmalulad

A7) 43

ANSANW

o

MNSENTINMTUMINeSedaAsulele

U 20 adui 2 Usgdnhou wgunIAL-8amau 2569 o a . S
atuinermansuazinalulad



Abstract

Higher education institutions are increasingly adopting Generative Artificial Intelligence (GenAl) in
teaching, research, and academic services. However, its use raises concerns regarding academic integrity,
algorithmic bias, personal data protection, and digital inequality, while governance approaches in
Thai higher education remain unclear. This article synthesizes knowledge on the opportunities, risks,
and governance of GenAl across the core missions of Thai higher education institutions through an
analytical narrative review. The findings indicate that GenAl can enhance learning, research, academic
services, digital cultural heritage preservation, and institutional management. At the same time, it
poses risks related to academic integrity, algorithmic bias, cognitive skill decline, personal data protection,
and unequal access to technology. The synthesis proposes a GenAl Governance Framework for Thai
hisher education institutions that integrates policy, institutional, and operational governance to balance

innovation and risk management.

Keywords: Generative Al, Thai higher education, Al governance, higher education institution missions,

educational technology policy
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n13veneiaveelyy1UTeRvgaseassa
(Generative Al %138 GenAl) Wy ChatGPT Gemini
Claude Perplexity way Grok Hunasdrnalunis
Waguiunsdanisnsfnwsgdugaunuiiialan
91nN1981523 Chegg Global Student Survey (Chegg,
2025) WU gieu 80% Mlanld GenAl iiloatiuayy
nsAn wazdSeulvendn 90.29% 14 GenAl aessie
LﬁaﬂLLazgqqﬂiumﬁw (ASEAN Foundation, 2026)

Tuwaziinisldam GenAl fiunlifdulng
Juogeroiiios uimsdnwuazissunsuiiiedes
Tuvsunmsfnwlnedindiegatniinuardinnseqn
sregludilanizenu Wu n1sUseiluaussauzves
\n3eaile nsdiAnwinsld GenAl Tusisdvamiznis
danalviosAanusludagtudavinnisysannisyaLes
\Beeadsmiidenlosseninedneninveanalulad
ANUYIIMIY waznsauuleuIgnsiniugua (Krukob,
2025) uneaiiTafiagUsrasAvan 3 Usenns Idud
(1) uasigriannd Tena wazaudeaves GenAl

TugAuAn®19INITIUNTIUTLAVUIUIYIALAL LAY
1A (2) BasrziusziiufanaIiuguLessusuning
lneasauAguiusiandnvesantugaufnwlve uay
(3) wausnsaukwIAnnsitugualayIUseivgias
a¥19assalugauAnuilneg (Thai higher education
institution generative artificial intellicence
governance framework) ﬁ@u’%miamﬁumsﬁﬂm
inludszenaldlaness

uneuildnsmumussanssudausseny
(analytical narrative review) I@sﬁuﬁumﬂgm%yja
Science Direct Google Scholar tag Thaijo 43U
A.A. 2022-2026 SIUAIAUKEN WU Generative Al
education Al governance university Lag GenAl risks
opportunities education 9nTunSELIUMSENATIEN
Bunnmsdanguienidienisiaseiunuans
(thematic analysis) Imsuwuadu 3 Su laun lena
489 GenAl AILEEITIAATY uazLLINIINIAITY
aua lagiundiasieiilSeuliisuiuusungaudnw
v amdaiansandadoianig laun Wushandnuey
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Tan1avaan15ld GenAl Tugaudnwlne

1311 GenAl uUszgndldluszauanufng
veslne felulonmadAylunisenseiudneninnig
Milunumusiusfiavdnvesantu iewSeuammdes
Tundadialinsenlunissuiieduainurimigves
Taneunan Is1oaziBeniiuyannamiusiavesaniu
gaufnule dail

1. Aun1sHanUMdn

M3 GenAl inUszandltluiusiamunisngs
Saudielsifansouzgetu aneumaona uasansydt
AN NVENENTIADAARBITUAILADINITVRINAIN
useulugaddvatu fontandn 3 Usenns Iéun (1)
nsafuayunIsiseuIwUULaNIzyAAa (personalized
learning) 1ag GenAl aztisaiiauazUiuguuuvde
n1siseus mungauiuseauauiLazauaula
vosfjFeunsiazau (Trung, 2025) usnaniidadiuan
Arudonduartediiannaniu Ty GenAl 9
wanwweuiuszduarmendieveutden el
Assuifimsfnwamuninadliegnavinies (Pierres
etal., 2024) #aAARINULNUURURNITAU Al WiagA
(1. 2565-2570) Fisathnsadisgunuunisdouiuuy
wnryArangaeulitaendy 100 sUkuu (National
Al Strategy Steering Committee, 2022) (2) unu
TugnugAunesdanioy (Al Tutor) Gen Al wiiiladiou
fervasuiilirutiomdesSouldodiseiios lay
fusnuenfine Uil esuisuuAnfidudeu uay
PaefFounumuunidsuueniadouldviui Sni
garedaasunisiieuinignuiedegeilussdvsam
(Zapata-Rivera et al., 2024) Lena1nd GenAl lside
iauBuLzLUUTLTInd s siiuna Tansougauds nai
nsdaIusm wazann1szn1aleygn (cognitive load)
(Cosentino et al., 2025) saufdslfiluganifiosuuy
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1aLAsfa (socratic opponent) Fvhmthiigeanuvane
WailensyfuliiSeuAniinszinazdunumneudie
AULY (Miao & Holmes, 2023) (3) n1simuiney
dufuaunen (skill development) N1511 GenAl 11
Frevumnzinvenstyyuazinuenanaluladd
Fudu loun inweaun1s@eulusunsy (coding skill)
18 GenAl H8WpulAn 05UN8lATIAS1NVRIDaNDIL
wazrulnTaRanan (Finnie-Ansley et al., 2023) 1
nsdiAnwIvesguIaInsiNTINe de oy elviaan

v
U

Fulgavinea1vineuiiameslaun ChatGPT uldeae
a5 assdte senuuuunounsThe wasdeu
Teadmsulasanuegralugusssy (Chakamanont
et al., 2025) avuaaniudygUseAvguazns
Yousds (Al literacy and prompt engineering)
Tnganrtugaudnuvidesndnduginfitalatedin
LarenRves Al Wy uniingrdeveunnulasa “Al
Clinic” wag Prompt Librarian fitheuuziiglday
wazUNINYISUsTINAEnSlalUnouTUNTIUREI
19385533 (Leawprasert et al., 2025) hagyinyzns
ARIINNY (critical thinking) %QQL'%auﬁaQLU%'aumﬂ
nsvhauiiug i lgnisatugs e uasdsuidiu
mmgﬂé’awaﬁaga (Francis et al., 2025)

n13ld GenAl Tuantugaudnwilvedalaly
uadvalulagfdanldluiessou uaAon1Ta3
szuumsBouiuudaii S ounnaudidsannug
Iginedy uazimsoudadinlindenvihausuiu Al
Tusuiandady an1dugauAnwimsiuIvanans
finwan GenAl Wnlvegradusyuu Tnedenlesiu
WINTFIUAMAINTUTALAEUTIVINYEAIURANT
audgyaivszivg Mlunsauaiiuaainniafiva
(Digital Intelligence: DQ) witelinAnwilyifioaua
14 Al By uwidnlawagUsvdiulfeensitansugo dau
Tussiudszne asiinnsudnduiiuiinaass Al szeu
%1% (National Al Education Sandbox) e duiiud
VPFULIANTIUNSANWENU Al Tiaense Tnefithmane
geandonslitiudinuazanitiugaudnuilnedniiu
duddunsld Al egraluselavasiadosssulu

a =

QUAADYYU

Y




2. A1UN1578

N3YI0INTS GenAl unldiuiusiasuniyidy
foifugnsmaniddnyivaelivihaadeldsimg i
nssdnsuunandfofindu uastionseduliiiae
u¥anssulvadldigaedu eillonadidy 4 Usznis
laua (1) NMINUMINITIUNTIULAEIATIETaYa
(literature review and data analysis) 1ng GenAl
Y IUNUITENITBUNANNITY FuAT1e wavasy
55UNTIUTMIUIMIAE teTzytosinanuideld
981913 uE (Polonsky & Rotman, 2023) wonani
GenAl faiuinesdiolinnesitoyaunnlva) wavAumy
Autiuanyivn ielvinszuiumidessesiusins,
Gﬁu (Jayaram et al., 2024) (2) A9 ANANDILATES
#UNAgIU (ideation and hypothesis generation)
GenAl hwthiiftessauanes a3 sessfigy sonuuy
N13MAABY LagdI1e Data visualization vilWtin3de
11819930 AUNTAARININ YA NITAAUKATNGS
1NTY (Hussain, 2024) (3) mMedeuvuiuiionas
W13 (collaborative and interdisciplinary
research) GenAl atfuayumsidetuanan Tnoides
Tosmansfidudeudnfmefu (Branda et al, 2025)
Snadsvhmiidudswneawagmnlunisesniuy
N19398 91009801UNNTAILATYTAINITYHLBIAIN
nanere (Giannakos et al., 2025) (4) N5WYUNA
NUIYINTUATNI5VBTUNY (academic writing and
grant applications) GenAl tHuwa3asiiadidnlunis
anguassanenwdmiuinidy (Papyshev, 2025)
waztips1stelauaLitovasumu (Godwin et al,, 2024)
lnginIfedensasiuiinvausianinugnied lassasng
WnAAaEMTIAT T ATeSnvIABEedRdvNdiTnIg
W@U® (Thoumrungroje, 2025)

Hagtuandugaufnwsuiivedingldiz
Y30n13 GenAl lWign1svinnuideedradugusssy
WU Paansevmivienagliuatiuayuind ChatGPT
Plus untnITedmalvidvonfnuinauidessauys
LAY UeE AL (Chakamanont et al,
2025) vieayaNrTINedusssuAansuazdineayn

1MNINYNF8YaULNULAIALMS B8RSR BT EAUBIANS

1 SciSpace waz ChatPDF wiouidnsaussaning
] Femeydnuends (prompt librarian) die Lz
N5lEUeY198a35550 (Khawruang & Saetang,
2025) fatiu Ton1awes GenAl Tun1533e Salallaileos
msuszndanal mnusdunisenseaulaseasnens
HARnBIAANIIALNA LU UM IENINnITelugue
HoaNLUUANNARGIININY GenAl Tugiuziaie s
Uayayn wagszuumiugualugiugnalninwiunsgiu
WAYAILFITY

3. A1UN1TUTNITIVING

131 GenAl wdsegnaldlunisusmsivnnis
aggagliandugaufnulngvensunuimuazensgau
mMsthewmdodenuldegadususssu Tnefllonaiith
uldidusuiidda 4 Usens sl (1) nsdneusy
BeufURnsuazasisanuaainiaudyaiuseivg
(community Al workshops and Al literacy) an1Uu
gauAnwvhmhfidugudnansinenennmy GenAl
Weliussuvunazesdnsosduldanuldegiad
s IULazTiaTesIsu (srafilzade, 2025) (2) N9
afuazuialuyndeyaansisae (public datasets
and synthetic data generation) GenAl @131508574
yndogadansed (synthetic data) Afdnwazmilou
Toyadde uiliazdlinanuludiui wu n1sdnaes
Foyadtreniioliiduenlmi (Diro et al, 2025) 91nifu
thindminduyateyamssaeldsunsivseany
Uaenfeananitu iewdstulvuruvioaniindh
luauuinnssumegen (Capano et al., 2025) (3) N3
aneuvAsud aranaIn T Enameluladly
iw"qumm (bridging the digital divide and inclusion)
an1ffugaudnwanunsald GenAl a¥rsdonsiFousd
sesfumwiunazugunuu bR sunmsoadnials
1 wnsiRztsrhae U e NN
WieassenuiniisuuardnaiunisBeuinasadisli
uAnguUTzUazsEvaly (srafilzade, 2025)
(4) winnssuuuuidauazanusmilovesyuvuiiious
ﬁmwﬂﬁaﬂﬁu (open innovation and community
collaboration) un1Angdsaunsald GenAl 1Ju
i3esdielumsutstiuninens Tagvimihidu «d
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dee” WuilsaSsunioasdnsrosduiinvinuaay vie
Saufuiauilasenis Al A lulduddymasees
Yuvu (Capano et al., 2025)

n3th GenAl unldlunuuimsivnig feiu
nswasusugauAnwilneaingaienenninugg
AudnanssruuinAnsSeusaaviameaaiuseivg
vnaandugaudnuidaiulusiesssy aullsda
wazUsslemidiusy andunalnddglunstuinden
fapugumug andesitmanalulad wavasianing
Fetulisemalugaiyaussivg

4. fnun1svinyunjeRadInusssy

1511 GenAl wlgluitusAisnunsiyuig
Ao Tmusssuresanntugaudnuiiy deidunisda
dalvadluniseysng duatu uazsesengilayalv
denndosnuynfIvia tnediloniadify 4 Usenis
lauA (1) MsadeassAlazrosanauAalzie Al (Al-
generated art and creative expression) GenAl LUa
lonalvinnansd fi3eu uasfatu aunsaaseassa
wanugUuuulvlldogndlsindin ldun msassde
Uszay (multimodal content) lngan1dugau@nu
ausald GenAl ufsiuad1aassd (co-creator)
TunsEuIuNsAnieeanuuLLAzNSIaE0e Faelw
Hissunndudedniniduguinnssunsfalelng q
(Independent Higher Education Australia, 2025)
(2) MmseysnylseiimansuasAaUinusssu (cultural
heritage preservation) 1514 GenAl saufuinalulad
laniafiouass (VR) gaednassninlusiadniulay
andmenssuluednlinduaniidin SsdhelifSeu
anunsahlududa ddmsin uazSeuiuse Rmansle
981981339 (J. T. D. Ng et al,, 2022) (3) M15AUATOS
WAZARATUAIUMAINNANNIITAIUSTIN (promoting
cultural diversity) 514 GenAl Fiweysndgivayan
wazmwAuTilndgaeriusEUUUsTNARAkaT I
awuuuEealysl msld GenAl TufiRdsosniugly
AUN15009UDARLAZNITNAUNAIUNITIMUSTIUAY
LUIMN9VEY UNESCO tfia3n®nainuvmainvaienis
d3a3 (Miao & Holmes, 2023) (4) n1583519UinNT5Y
\leLATugRva19a55A (creative economy innovation)
antugauAnwianunsald GenAl Weosloanalulad
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Y

\fuRauTausssuiesdu (soft power) ioasiade
fvaduadunisvieafisiuaziiivyarmaasugia
(Chan, 2025) Lmea‘ﬁ%Lﬂﬁaumiau%’ﬂﬁuuuﬁy’uau
lugnsduanuiausssuuuud@in nedndiuilveu
sulmisiudesonegvaiassanielinsouasusssy
LarAsIAIINALVAINYAaTY tieunszduliAal

Tausssulnensinuanazlaanuluseduaina
5. fUN1TUTNITIANIS

M5t GenAlanilunsusmsdanistiedunis
WaguruanTugauAnwan “PNSURISUUURSU” G
“msumadsmanisaliaziuideusnedeya” (Lian
& Chen, 2025) Ingtneenseaun1svingd 4 Usens Lawn
(1) MIvinTEUIUNITERLUITR (workflow automation)
N5 GenAl TH¥an151958ULaEINSI89UY Sa0D9
Tuwmuannausiaiuin@ney duieviausiuiu
srUUvesanTuartIinUsE A amauudmsle
11 50% (Jayaram et al., 2024) (2) NFIAATIEAT
e (predictive analytics) N334 GenAl [W1AY
FEUUNTIATIENNNSIEEUS (learning analytics) 93
IaadugaudnuUssiunanisiieunarasnessuy
uwiadeuilenutinfnuingudssesnnatsdu ol
AUSnwlaed199uviaei (Ouyang et al., 2022) (3)
N1319HUNALNS (strategic planning) N151Y GenAl
Ansesiteyavualng) (big data) ileAInnsaimsus
N35UENAT AIUABINITVBINAIALTIY kaztily
gnsusulsmdngasiviviuadis (UNESCO, 2023b)
(4) nm3dnnsveyast1aUaensiy (secure content
automation) N34 GenAl USNsIANSTBYAf ALY
ruszULTivaensdy danseanudu wasvinausuiu
J¥UU LMS vi3e CMS lalaglilaziliangvunefunses
Yayadiuyana (Jayaram et al., 2024)

A58 GenAl 178 lulauAnsvinanuliniss
U weldunisasisandnenssunisusniseaases

©

Nensyduaninedelnegdesdnsidundounie Al
2E19UANUSURATDU PIALNUINAINUEIUITONINS
wiatulusrazeny

PIR=2)

AULEEIYaINslY GenAl Tugaufinulne

N15YIAUINTT GenAl Wgszuugaudnyiiie




Ju “avaesan” fudhziunddeniavesnismmu
UIANTITUNIINSANEY wAAwHIA8AIUiINTeY
wazaLAsafidudou (Al et al, 2023) mnaa iy
gauAnwimaluladiinldaulasvaaudivhiu
LLassmﬂiaumsﬁwﬁuauaﬁ%}ﬁm 91AFINANTENU
98137U51 (Chan, 2023) tilelwan1tugaudnuilng
fuflemnuriimeuazldusslovdarnmaluladdly
agedeBiu swdadiedusssuariinuiuineude
daAu (Miao & Holmes, 2023) andugaudnuilng
éfaqmwﬁfﬂLLazLm'%ammmmst.%qgﬂﬁa%’uﬁaﬁ’umm
dodlu 5 sushandn il

1. AIUNTITHAAUMGA

an1fugaudnundeaniouuslofuanudes
florvdanansznusienun LA AasTINYeEouly
5 Usgiiundn Toun (1) feanausonnudedngma
INTUBTNMTADNEYULUUNANU (academic integrity
and plagiarism) N15l% Gen Al @519Wa9 Uy lilenwez
HaUYBINYEEU Al virlden (Williams, 2024)
uanINTlUsLNINATIITU Al (Al detection tools)
fnfinrauinUaeu (false positives) Fudesonisn
anmgiSeuegnsliifusssy TnslawiznguiiFoud
lalaldnwdanguiluniwiugd (Wang et al,, 2024)
(2) nMsnnneEURIInYEkazAUATIAT Uy
(skill degradation and cognitive laziness) AN
Al niuldenailiinueiugiudounesas wu
NMSWEU NMSANILATIEE LazN1TUAUQNIAIEAULDY
(Francis et al., 2025) (3) ﬂ’smm?{amgmazmmlﬁ
Winsun19RIvia (digital divide and inequity) Tutaa
Al ﬁﬁﬂizaw%mwgqﬁﬂﬁﬁﬂ%ﬁiw (Nartey, 2024) #n
an1tuliiilassadreiugiusesiu axdwensresing
AruwdonduaraiannuldiuTeulidyunsng
(UNESCO, 2023a) (4) ARup99ana3Niuharn15as1a
%@;&al,ﬁ% (algorithmic bias and misinformation)
Al 9nanBngnonfivnadiny wavairedoyanieunas
gBalasunsoaInIsUssammasuveslygyiuszhivg
(hallucinations) N FEUIANITATIVEOUILUNLY
gnsiweunsdoyadiin (Farrelly & Baker, 2023) (5)
Anudududmvesdayauazningduniatyan (data

privacy and intellectual property) miﬂau%;ﬂaaq
Tuunasvesuneusnidssienissiinavesteyadou
yAAa (Wang et al., 2024) UagnaduasaassAvse
Toyandslsimouns enagnszuvisluifudoyaiiney
luea Al uaziUamegaisisaelaslilasueygyin
(Moffatt & Hall, 2025)

nsudntudingalnidsdosudoudivaneg
NIRRT “azArunu Al agnals” By “ag
PONUUUNTFEUIINYYdIMNUTIAU Al agnedinam
fegnsly” Inewdunissnuwanudedng wamnrinve
NIAATININY wazadanuwiienlunsdns

2. A1UNISIVY

314 GenAl FreLfindsyanEainnnsviiay
3y eraneliiAneudssdsuswennuindede
WAZAIINYNABIVDIBIAAIINS Fad (1) onRlunadns
294 Al (bias in Al outputs) Tutna GenAl sinaziau
AR LHaund wazdayunoanuunzfunnidu
wan (Ramos & Wilson-Kennedy, 2024) wnild
Wngliinsiaaeu wzdumswansiend Wilvuanis
3¥ev1nANUTEIN5T VE18T09I19ANLLAE LA
dnu uazidsareniaidonujiAdenguaurievoy
(Alkfairy et al., 2024) (2) YgymiZespnuanansaly
nselduazernisuszamnany (Reproducibility
Issues and Hallucinations) GenAl ﬁwmuuuﬁugm
nsa1an1salnud1zidulaeusiaanadala
ANETIWRS Sadssren1sinennisusyavviasy
voelg1Useivg Wy n19aIwmnats1sdivasy
vispaguteyaiawain Jsannugniesvessuide
(Onder & McCabe, 2025) uaﬂﬁlfmﬁ FTUUNISYINGU
909 Al fifldnwazidunasss (black box) Famsaaaau
nszviunsanaulaves Al lula enavinldnanisdnw
grnplusdlanasensenisiuReveudioiadeiin
wana (3) Jymanududusawazanuiuiaveums
391715 (authorship and academic Integrity) w2
UtRanalaoygali Al faotuzidu “dusasn”
(co-author) Lilos91n Al lanansasuraveusianugn
FoIlarI385IINTYINaUlA (Moffatt & Hall, 2025)
Usznaufiumsliasin Al Tugiuzduss Sadierduns
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anneuAuAImMIsER Uy vesuyedlun1sasaasse
A58 (Lund & Naheem, 2024) (4) 13
AuATasdayaduyAnauaznINgaunslyny (data
privacy and intellectual property) miﬂﬁagaa‘u
Toyaduyana nelaseaddululdlu Al ansisuetie
\WumsWawedeyauiyanaiianu Judvsienisazida
353IUNTIAY (IRB) HAnguaneAuasestoys way
vinligapdeavsluningaumatlyald Johri et al,,
2025) (5) N3ONNBLYDINITANIATILATEANUALNIT
AAN1ENAUAR (erosion of critical analysis and
cognitive offloading) yuzfin1sld GenAl ¥reUszana
nadeyalasinga us GenAl launsnAndnsznid
an duaswiiilom vieasredoldudslml q Iemileu
uywd Msfiann AlinaRuluIsilfauidenaei
quan ananududuatu wezanveunmuAINsldu

Sun1eUyey1v095338 (Polonsky & Rotman, 2023)

GenAl ug@efifiauaiunsagalunis
Ustsnana uinaimuazeshideiiovesniAdesnsdos
Hawinseugod SRose warnsAndsdnuesywdidu
vladdny fAdedemsly Al lugrusiaiesiioatiuayuy
wagvihmihfinsaaeunadnd iefnwimudednduas
INIFINNIIYIN568LT

3. AIUNITUINITIVINITUNFIAN

Iugmzﬁamﬁuqﬂmﬁﬂmﬂu “Pilauazuvia
9198metyygyr” s GenAl anlalvivinisteya
vidolimUinwunasisavu Ssenathundanrandes

fituneuarudeiovesanit waradmansenu
Beausedunuaeniield deil (1) msuBauazimeuns
Gi’faa,gal,ﬁw,azmwwaau (misinformation spread and
hallucinations) e1nsUszavaeuvaslyqiusehvg
owhlandulirnuivserusnuifananaurden
(Onder & McCabe, 2025) nuﬁqﬁmm,?%aﬂuﬂ'ﬁgﬂw
asedovanu (deepfakes) iieTnidouamuase a¥ennny
Wlaialudeay uasihlugmsulueinuseasiineag
Wuduile (Alkfairy et al., 2024) (2) mMstuneuves
auideiieuazanulindaninaisisau (erosion
of public trust) NsLuANTIAG
Tunsudnidomdae Al wnniiaugndes
Jzvhanganutdeievesesdnslusyerem (Deptula
etal, 2025) 1wy mﬂﬁmﬂ%’mwﬂaamﬁaizmmu G
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arldiemunanulinddasdessdnstu winansenu
Frgnanumsulufsesdnsau o silvianudediu
vosdspnanasn1ulunie (Chang & Rim, 2024) (3)
AulUsslaLazdanianIuasesIsy (transparency
and ethical concerns) N1391191UV09 Al LUUNEDIAT
WnlfandenisnsiadeuLazeuieiivivemadng
(Boonlue, 2024) o1anslitingyniAusuingeu
wnuadnsuaZ1anLdenne (Chan, 2023) uanain
i msldwdsliussmmunsiuinddddneutu Al e
Wunsazdlindnsuazdasendnaiuluselalunisl
USN158n@a8 (Dwivedi et al,, 2023) (4) M3vignond
warn1siienufUatunsliusnsyuwu (algorithmic
bias and discrimination) %’a;&aﬁiﬁlﬂwu GenAl dn
wHaaARNIFPULaY TIUETTNYRYYE (Ramos &
Wilson-Kennedy, 2024) winti Al luTausnnsisnis
wiguyuAiaInvans enainnImngan lenUfoa
vielvmuuzihiiinusun Fezdadunsvenedesing
awldvindlealin e

sUsMTIvIMsTiRssRsRteguLman “enn
gneies TUssla wazsufingeu” Wudduusn wanna
PUSINE anUugauAnw IS MLANSaUsIRINALTA
Al 4 15 lawn fuyedinunsisaeudaya (Human
oversight) L Uawwan1sly Al daau dssuusuinveu
wazifenen wazUsvifiuiieanenfiveslunasgig
auaue

4. grunsviyuinefauinusssy

11910 GenAl uldadsassedeneausssy
B iANEEAINTIAGT WiAdAnudssiiensan
VOUANAT AINUYNABY wavTunaumIuaINNany
nefausssy Tasanunsafiansananudesidfey
gsiet] (1) spfivneTmusssuuasnswns (cultural
Bias and stereotyping) ‘ﬂ'a;gaﬁsl‘ﬁ?]ﬂﬁ\lu GenAl 1in
Sayueaazalaunuuny Supnilundn wmnthanad
iowlagliinsrasou orainnskERT A LUUYIN
57% Feagludndounaviasanudilalusinmin
TuTsmerinusssuduitliidny Fusn (Zhu et al, 2024)
(2) MsavsianinsaunadyguarJymavans (p
infringement and copyright issues) Tuina GenAl 1in
thwasuifdeansluldinszuulaglald3uoygn




1517 GenAl Wad1eassAuAaUmusssuiades
somsazdianinddumlyavesdaluwargiidayan
guwy TaudeihliiAndeandesdesdnianudy
Wrvesmdusuatutaznisuusdunadsslovd
(Samuelson, 2023) (3) nMsagdsaiduendnual
wasmavilraUzuiedentu (oss of authenticity
and homogenization) NANUTIEEAIRE GenAl Finan
N3UIUNTUTINANANERRLAZNSAANTFULUY
Y9ITBYAINKNANUFNTINILIN Y IRAURAULE
anwaziuninsguieaiu (homogenization) ¥1a
ATNLANAIRAZIONANBallaNIEdT Faen19anneu
AuEnTevnIesualunzauevIguYEeEin1an
Usvaunisalvesuywd (Francis et al., 2025) (4) 13
TnfeuuseTRmansuarnisaisdevasy (historical
distortion and deepfakes) GenAl mmsaa%ﬁa%’aaﬂa
sy IRmanSiieuiunmeiansssuiiligndes yds
mskAndeUanuUsznm Deepfakes ynaantutiluie
unslaglingiaaeu asdunsiadoutaiiaads adns
anadlafinludsay naenaurateaindeiionts
wmsaza sl ingaananssasu (Boonlue, 2024)

Fatiu A5t GenAl il @nuAay Tusssy
AISEANENNITLATTNAIINNAINNATENITTUUTITY
N13ANATDIENT LAZNIINHIAULINSIVDISnAaN Yol
nadausssy tnsaartugaudnwidndudeosdinwg
UfuRsunsUszliveni Anulusdlalunisly Aluag
nsidugualaegiBeamaiuiamsssuedislndda

5. AIUNISUSUITIANIS

n5ld GenAl iflofiuUssanEnmanugsnis
wazMsUINsaanis AeliAnanudswnunsdunses
Foyauarauiuasuasadonsloives deil (1) n1s
AuAsesteyaduyAnauayNSUSURmUNg vy PDPA
(Data Privacy and PDPA Compliance) YyAanie1a
Houtoyaduynraviodeyameluasszuulnglaiila
(Diro et al., 2025) Usznauiunishieunielidnla
Foulvdaya (contractual blindness) ﬁay@gmslﬁ
szuuihdeyaluiinduliea feidunisUamedeyase

UAAAVIANN BUAEIABNTITHANY YUY 1 PDPA FERPA

1158 GDPR (Bekar, 2025) (2) ﬁaﬂﬂmmaxmmﬁum
Uaondenaleiues (Cybersecurity threats) AEe
wUsduaosdia Ao Aldudmvanegnlauf wu Prompt
Injection iiaalueauduan1tu (B. Y. Ng et al,, 2024)
wae Al duedesdiolaud Insewanstdasadiuaiind
fwuuilou wioassdevanu (deepfakes) Wionasn
aliileulu (Adebayo et al., 2025) (3) NSWEFUNS
U aznisinwimnuduresan1tu (intellectual
property and institutional confidentiality) n1311
foyagnsmansusonuideidslianansdasdiluly
szuu Al 91aggdeaududives msivszuuena
Fedayamaniulunausin il igldusedu (Bekar,
2025) (4) sysnfviateyanazingnanuundeds
(data governance and spillover crises) A151% Al
Predadulalagvinauluida e1adilugenduas
nstaenUURdeszuY uananil MINARMANITR)
Teyanuduilvanienisazifinanududiusily
NUIBUNEILALABT 9190 8llAN NaNTENULTI
aufignans (spillover crises) TugesAnsdu  Tuae
Pevdeguarnssutieatuls 1esannansisavy
JNTLUUDIMVUMNITINIITEUU GenAl AU Ie
Ufind1endatiu (homogeneous) 9aa1un1alny
nanawisaiatsanlingdaressuuinwiaiu
Uaoadeuazmsfivguavesanidugau Anwilunn

534 (Wang & Laufer, in press)

msEmsinmsAesdavan “anasiunsasnde
ANNSURNTEU LaEsIIINAUIaTinIaeuls” aanty
gANAnwIAITANIUNIT 4 SEau A (1) dmvinnseu
ulev1onsld Al uazdaduniududeya (2) Waun
sruuANlaendeleuasigegn (3) Avundygn
Auasesdeyasgretaauiiiolduinisunaniesa
Aeuen wag (4) aatamsssuesdnsinsewiinidny
FYsIIUAIANMTYIAINMTInAlLlagAtUsITINAUIA
aveli GenAl nanelunalnensziuuszdnsawls

oA
DYINYIYU
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wuanan1sinfugualyyiusefugideasneassa

lugaufnelne

M3Y3041N"3 GenAl Sndusipsfimsriiugua
Asnnunazasoungilunnifusia Ingantusiontaun
wleuneseAusanns (meso-level) aansuivuleune
UM ALAYANATEIUATUSTILAING (macro-level) Lite
SnwaugasEnInmsdLaiuInnIsuLaznsUesiu
AL (European Union, 2024) lasdinsaunis

ANTUINY A9l

1. n50UUlEUNYTEAUYIALATUINTFINENG
(national and international policy frameworks)

msdavhulougvesaaiugauAnudioadey
Toafusnmsgu 3 sz Lilelrinseuaquiianisnguane
305930 wazdeen Lo (1) ensenansaulyasvaivg
vasUsemAlng (MHESI and National Al Strategy) ajauiiu
aiPnuUNToui Uiy 9385550 wazning lagdn
vdnailusdla idetie finnusuiiaveuuaslsiaziiin
anduywevu (National Al Strategy Steering Committee,
2022) (2) nguaeUyanusevguasannmelsy (EU
Al Act) ¥nsiAuguaniasefunandes (risk-based
approach) Ingdnlinsid Al Tuns@ne wiu n1suseiiu
warduaunguaudssgeiidesnuauainulussla
PEUNIA wazAIUfURmUNgIneANATEITRYA
#IUUAAABY1ATIATA (GDPR) (Ebers, 2024) (3) wud
U URMuaTesTINTasELUaln (UNESCO Al Ethics) 34
whu umeiuywdidugudnans (human-centered
approach) Taeimuslmelulad Al luedesded
Preduasudnunmuesuywdlaeliaanouinuyenig
Jyer wonanidededlianuddyiuanslunis
Andulavaanywd (human agency) n1sUasiuanfiusls
lugane3iiu nsundesanuvainvatenisiuusssy
wazn1sasisauwnisnlunsiifanelulagegng
ATAUAQN (Miao & Holmes, 2023)

amﬁ’uqmmﬁﬂmlmmswmuﬁgﬂ 3 ¥aNN1T
Wndnedu fie nsBauywdidugudnans (UNESCO)

AIUANUNTINTEAUANULEES (EU Al Act) nngldnsay
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atuinermansuazinalulad

93U535UUDIUTENA (Thai Al Strategy) tialinnsla
U GenAl Wuldageas19asss Jasnses wagaise
NFapnudedngn1aIvinig

2. natnaanvy (institutional mechanisms)

nsudasuleungseauyign1suiaase
andugaufinudesadilassaiieiugusesuantu
(meso-level) Afangu Tnsiinaln 3 Usznns loun (1)
AauensIuNsuleuedyanussivguaznisiiugua
wuUidUs (Al policy committee and participatory
governance) andugauAnuAITInsIALENTIINS
MnvA1ee WU §uIms dengvane ledl auaisd
wagh Sy Wsuiuseuleune Jayaram et al., 2024)
Tngufumssuilsmmudiiunnynniagiuiieantods
Y9INTHINITIINULAES NEBUAMUAUNUIMAII
SuRaveulvidnau Wu aanTuguaninulaensie faeu
guavdngns waviBeusessnuemudedndnsivinig
UJin et al,, 2025) (2) TASINISHNDUTULAZNITWHIUN
AuaanimulayaUsediyg (training programs and
Al literacy) an1dufaednn1sinausukagaiuayua
Auaa1niiulyayiussivgegindussuu (Chan,
2023) BusauinisdnousudmiugFouiiliifiesaou
B Beufds (prompt engineering) widauinye
nsUssiuAugneies asevtintivenfuaztoyavasy
iletaatfunsilann AlinniivluauAnauifsaniiu
n9tgyeyn (Bekar, 2025) 9308415900 UTUAIUIU
AaansuazyAainsasatiuayudesnslyd Genal
lunisesnuuumsBeunsaeu N1sUFuUagliuung
SouazUszifiunafidangu (Al-resilient assessments)
uavaisyLvULisNsFeus ieuaniudsuuuiufoR
firgamiu Uin et al, 2025) (3) n3osiionsrvdounas
wnsnsUeaiumanadla (audit tools and technical
safeguards) @aUumesALluLInTNIINIAAiABEI
w3aasa lan nslElusunsunsIadu Al (Al Detection
Tools) antfugaudnulsinstilusunsumaniidagu
Aian s esndsdimnuusiugiuazena

WanauInUasy (false positives) Inglanigiunasu




vosfilaildldnudsnguiduniwiu (Wang et al,
2024) nMsffuguateyaiarniseaniuauyInsEau
94ANT (data governance and enterpriselicensing)
a01uAITNTIREULAEIAMLELIT GenAl SEdiu
sAnsTinmshdnyaAunsestoya (Data Protection
Addendums: DPAs) titelsiiiulaledn GenAl a¢lsiti
Poyavesan1tuluiinduluea (B. Y. Ng et al., 2024)
WATITUUATIVADULAZAINAINITALUNITATIAADY
wazn1silaUTINTRIYBdluNsEUIUNIS (auditability
and Human-in-the-loop) GenAl 53UUATINISUUTIN
UszdRnsldanu (audit logs) wazdasliuywdidu
Aenauladuaninelunssuiumsiiddouane ilean
mudsNTeiana1aves Al uazAsnuTURnTeu

VL’Elﬂmﬁl‘Hé (Jayaram et al., 2024)
3. MsyYsAINIssEAvaadudAuRusia

an1dugaufnyineteanuuun1aiiuauy

Thaannasdiu 5 NUSHINGN AINISI9 1

f1319 1

nsauuuIAnnsMiuaualyyIUszRuvgigeainemssa
°quﬂuﬁn1erfl1/|a (Thai Higher Education Institution
Generative Artificial Intelligence Governance

Framework)

NNTFBATILALLINTENAUAZNAINTEAY
aortudneiu feldhunimundunseunwiAnnis
mMiugualayanuseivgidasisassalugaudnuilng
el dulnmasuuuulunstuindeugnisufoiesis
\Buszuu Thai HEI GenAl Governance Framework
paNUUULiDaF1IANANRATENI 1IN T SLETY
uinnssuLazn1sUIIIANNALY Tnanisiiugua
GenAl ifiuszAvsamdusndudesasoungunis
%’mmmwyﬁmmﬂunﬂizé’u%u oA seRumdnag
a1na (Macro-level) seauan1Uu (Meso-level) uag
seaudUAn13(Micro-level) Aelisneasidenuasan

UI¥NauLgIan AanIn 1

a0710ugRNANYIABI00NUUUNISANTNI I IFONRADIAY 5 WisAIVAn

Wusnanan
(core missions)

Wanuneensaans
(strategic objectives)

wuamsuianasnisinugua
(actionable guidelines and governance)

1. ASHARUMTIA

gNTLAUNISIUTUUURNIZYAAS

1) Myuauleueseivn Ineseyreun Tednnie

AvaludunIsinwanudednd  waveulunisly Genalluusvanasedn (syllabus)

N19391n15ardeeiun1snasn  Wdaau

(Cotton et al., 2024)

2) USun1susesiupg Lagwiun1sinaanyinuy
miﬁ@ﬁmiwﬁﬁﬁ'ug_jqLLasﬂizLﬁumﬂﬂﬁzmumﬁ
1NANIINATNG

3) asneanulusatalunisldau lnenvun

o

W Seuduanisly GenAl wazhuuUse iR

(prompt logs) Tun1sdasnu

s

4) nsiauaMuaaIninulyyIUsehivg

lnginnnvianansiaenunsnauaanimutyan

Usgivguazasessaulilundngns
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wushandn Wananegegnsaans wuanUfiRnasnisiniugua
(core missions) (strategic objectives) (actionable guidelines and governance)
2. 1537y duasuvszdniamnside aeld 1) enwusuiinveuvedide dideseuliuinge

n1smvANANEBIRuTeaYaTIva

Yaymanudugusis wasmsadiedoya

AOUAYINYNABIVBINARNEAN Al REAULDY Uk

uszyteo AlTudusiasau (co-author) edan

\iawa9 Al (Onder & McCabe, 2025) Al lalanunsasuiinveudenanuivinsle

4. mvhyisdauiamessy  Ussandld Allunisadsassauasing

WNSAAUTRILGSSY LATAIAIUKAIN

nanguazlasiunistalou

5. AFUINITIANTT WINUSEANTAIMIUTINITUALTEUY

galuild nnelauInsn1sAINLuAg

Uaondslazuansssunauia Jayaram

et al., 2024)

2) sssunfvnateyaldy viunihveyadiu
yanavdeteyaidefdslimeunsludouadly
GenAl Liletesiudoyadalvauazvanideenis
azllansngdunistgan

3) 939553UM15398 (IRB) MITUTUUTILUY
Wasuni1sveeydAatesssuniside (IRB) lay
fsualiidefetuasssaziBonuasununs

11 GenAl I luuITag199mIU

1) sfnnsesend TR Evasuiansss
dhszTuaznsiadovaniudslusanesiiu wile
ShwAUnaINMaNeNIIRILsIIULar Uiy
nsOadeuiden

2) M3AuATEIEVANS Ussiiumnuds iy
m%“wé?mmaﬁiyzymﬂﬂ%gmﬁaﬁw Al 385198556

[

Ao TmusTsy

1) Tassaianugiuiivaensie dameendws

a a £ o 3

GenAl AYaN85¥AUBIANS (enterprise versions)
fmunavsnsdes wasiutuiinuse 3 (audit
logs) tetlaafudayadalva

2) AspuaumsTheuiivasnsde szuusmlui
nniumeudedinyudnsvaeutavdndulody

q 3

aavineLaye

3) N1TYNTTAUNNYLUAZNITAUAYAAINT
Wawnaussaugau Al liupainsaneativayu
uazAnn38 e lldnuldognsdusyanam
WaYYNAILEITY

a) nsUszifiunadugns Aasuadnuduen
Y94n1589u (RON) Augriunsldseuuseidiu

AZULUUAULAEN (risk scoring)
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AN 1 nspuwnAansitdugualyuseiugideaiassalugaudnuilng

Note. From “NotebookLM [Large language model],”. by Google.com, 2025 (https://notebooklim.google.comy).

Copyright 2025 by Google.com

Tassasenisiniugua 3 seiu (The 3-Layered

Governance Model)

nseULUIAnilgNeBNLUUNLBAT19aNnA
TENINNTALATINIANTIUUALNITUTMITAALEYS
Tnguusnisdanisuaziiuguasgraluszuy dail

sERuIRLazaIna lown wleuisuasngmneg
(Macro-Level: Policy-Legal Layer) Lﬂuiﬂiﬂa%'”lﬂ‘ﬁu
suiisefunAnarainafiantiugaudnuidesujua
MuUsENoURIY wnuUfURNM s ulanUssvgui
yATiunulUsdlanagsssniuia nvsny PDPA
paenuLLURTRanaYes UNESCO 7idauyudidu
AUENA (Miao & Holmes, 2023)

seavan1tu baun wwiufifvesanidu
(Meso-Level: Institutional Practices Layer) 1Ju
nalnnisduadsunieluumineds Usznausie
AugnsIUNIsMAuakayy1Useivguuduans

) s s a a £ o s =
U NFIAMGINALIT GenAl AVANTIAUBIANILND
ANNUADANEYRITRLA WANITHAUIAILRAINTAY
UayeyrUseivg (Jayaram et al., 2024)

seAuUURnis laun e3esssulunisldau
(Micro-Level: Ethical Safeguards Layer) \Uunaln
mvAuMsidusERvYAnaUTEnausiy JsiuliiUn
wen1sld Al egnalussla msimunliuywdidug
nsnaouuazinaulatuaatine (human-in-the-loop)
wazdosdunnuivanitunietgyl (intellectual
sloth) Tngesnuuuuiineununeludnuaefissuy
Al ldannsarhunuldiioma Wy asdiawendh
Fudeu msdeutinia Wieeuiidedinsziann
Uszaun1saddiun (Bekar, 2025)

nsysaINIslassaienismivguadaiu 5 Wusia
nanvesaariuaaudneilng

lassasieanmsiiuguans 3 seautnediu 9y

o

gnihunyszgnalfidusingruddglunisduindou
nsdnfiuauvesaantugaudne tielviaseuagy
ynwusiaegradusUsssuuazanndts fail (1) du
n1sndadadie yadunisuiulsmangas nmsdanis
Boumsaeu uazmsinusifiuna Lilodaadulng

Souaunsauszendld GenAl TumsiSeusldegied
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UsyAvsamgean Tnefesoguuitugiuraimisaaing
éhu“‘f]ﬁyigflﬂssﬁwﬁzLLazﬁmﬁuiwé’ﬂﬁaﬁsiumﬁﬁmms
(Chan, 2023) (2) pun15398 Jaiudasiunisaziiia
ningaunelya Wnelivevnudaause lioyynlv
szyite AlLdugusissan (co-authon) lurasuisinng

]

nnUszian Lesannszuu Al ldanmnsauiingeusie
ANUYNFBILALITLTTINVDIHANULG (Moffatt & Hall,
2025) (3) AMUAITUTNITIVINISLAFIAN (academic
services) FosimuauurlfoAvidanuiiou GenAl
ultdeansudoliuinisdeyaunarsisavy tiedn
nseauardasfuanudsddumameunidoyaifiavie
Yoyananaiadeu (misinformation) gyuvu Fse1ads
NansEMURaALUoievasan 1t (Alkfairy et al.,
2024) (4) AunsiyUTefaUTmusssy (cultural
preservation) ﬁaaﬁ@%mmmé’mi’muﬁiim NTEUIUNTS
PTINEDU UazAnNTosaARLsluanasTiu (Algorithmic
bias) agadumniew GenAl wadsassddoday
Susssy ilodloetun1sNaRT A NI IWUUINTIY
(stereotypes) Hso1vdswaliAnNsInTounaALazan
NOUANILAINTAIBNFIANLAY IAUSTIN (Zhu et al.,
2024) (5) AMUNITUINITIANITDIANT (Operational
Excellence) yasiunisuimalulagayausehvgan
Wawnszuumsihanugsnmstnduszuudmludf lae
Fosrndunismeldinasnisinuanustiunsasnss
malBluesarn1sAuaTedeyadiuyAnaeE1uAIATe
(Jayaram et al., 2024)

asAUsEnaUnanlun1sTuLAfaugnIsUUR

M3UNTBULWIAR Thai HEl GenAl Governance
Framework lUgnsujdfasalu 5 stusiandn aadu
gauAnudndudestuindeurinuesdussnoundn 3
Usznns wleliiAnawaunaseninssldauuazns
Uszifluma dil (1) LUFTR (quidelines) Liloadns
ANnudanguwazlusela andudssdiuduuuiAilas
msaouiidaiu Tnglisrunadaeuaunsnuiusesiu
nsoyaeld GenAl i valld TuuufiGouly vie
advayulldlunednldegdangumunnumansay

Ya93v1 (Wang et al., 2024) wuiUJUALldsuianis

(%

Wawmedoya (disclosure) wananildsdasinualig
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nadnwedaya (disclosure) nnasdidinasld Al uite
§15993u535UN ITeuarSnwaulysslalunniusia
(2) wn3esilomamnalulad (tools) Lileatuayunis
aunazadsndusssy desdamunanresud
ﬂaamﬁaL‘Waﬂﬂﬁaﬁaaﬂammé’umaaamﬂu uazlusu
nsdansSeunisaeu ldmsiiannlusunsunsiadu
Al (Al detectors) u‘]umm%%ymmiuﬂﬁmimw;jﬁau
iesninauinuasy (false positives) g4 WA
fonseflilaldaudanguidunvus (Bekar,
2025) aptudemsiiuldiadesdefiduaiunisseu
Snnndinmsiuiin (3) St Tauszavsninuazai
@83 (metrics) an1tudediszuufnniuyszansnim
wazaUUaensielunsly GenAl TngUssandldhuimig
nsUsziumadming (GOM) warnseuwufai
MuseifiusyauanuidussuunazUszansninves
NTUIUNITNUVDI89ANT (CMMI) (Petrillo et al.,
2025) Saufufd indeUIunns W AvwuunsUssdy
Anudsssuteya SasauAAIveInTsayY (ROD
Jogarvan U U uwuImensiUaedoya Al

NSOULWIAA Thai HEI GenAl Governance
Framework Ideenuuulvdmsdnngugs ileliusas
antuinluuszendldlimunzanduusunanizues
pues MaUszaulassadanisiifuguaris 3 sed
i 5 fusiiandn uazduirdeuruesdUsznoU 3
Uszms astelianfugaudnulneannsaysannis
GenAl lfoensanna ialudunisadsassduinngsy
naznsteatummides

anUsIeHa ToINNAVINISANET wastalduadInsy
n157398Tuaunan

1. NNSHWATITINE

GenAl Wituiaiou “auassan” Tusumnils
walulagiasialania NIn1senseaunIsiSeusuuY
RINTYAAR N156595ANTSITY waNISELUSEANSA N

v

AMTUTMIS wetudnaundefuinnininuLdsandudau
WU ANUTRENINIIVINTG ANUVADUANRINA WAy

1%
g

ANULAEIUTRYA FaBuTaTulnn NanTENUNIADS




suABeigas wu msly Al vreGeuorailvgFounan
\BpansruaunIshnies (Al et al., 2023) fatiu ynsgen
Faladly “msvild” wsidesende nisitduaualiegn
(Proactive Governance) (Bekar, 2025) lagysans
3 fdluwdeudu lhud (1) Sfuleueiidandu (2) 17
nsiaauaaniiulyauseivg way (3) dF
Imqa%"mﬁyuimﬁﬂaamﬁa (Jayaram et al., 2024)

2. 9931NAVBINITANE

uneuAtnstiinauenisiinssietnesey
Fu widsiadinddny 4 Usens Seidouretuaadie
analusdlamadnnisuasiiteligeuanansaUssidiu
runndefievestoasuldesugnios feil (1) doditadhu
520U uneruihBumsnunmnssanssuddinse
wuu Setoasuildifufissnninausnseuininuas
Fowauorleuns SnseuuAniwiomareuidasydng
wagn1sAnmuran s lUUfUReTdusrezenn Lite
Ussiliudsganinavasulovigluanimiindounianis
Anwnfiuviass (2) fedrinsnuuiun Teyadeuszdng
Weafunsiifugua GenAl Tudsealnedaiidndn
ssunssuaUlngsB Nz funnlazewuny Juseon
Huvdn FsenafirnuuansmemeiansssunsBeus aaen
auenmdeainlasaneiuguas iR aTaves
ASuLazdaeu (3) tedninaumnuriualiy inalulad
GenAl iawnagennselan nsanzdyanusshvg
wuunylvua (multimodal) wagdeya1UseRugids
Funu (agentic Al) Tngnssaunssuludaet 2022-2026
onagiounudsseanaluladlmildlinsudu
Fansiwasunuasfisanifionailidodununay
wlaungudwdale uazdndudessuusedisse
\iloa (4) Fedrfindnunisasudneda (generalizability)
nsouuwIARluunauignoanuuUluszdunig ud
anduaauAnwlneusazUsenn Wy i Inendeide
UNINIFEI1VAY) INUEYUYY TAUNTIUAY
n3wens dodrfavnsanitu uasidmanefiuandng
i msﬁmiauLLmﬁﬂﬁlﬂﬂﬁﬁaﬁﬂajmmia’lﬁ?ﬁ,mama
Wiernsounauldvionun uideninluusuussyndls

A0AARDINUUSUMANIZUBILA AL A TY

3. UaLdUadI s UN153 1 UBUIAR

Nndodriafing 1 fllsuwaueiinmianisidy
AT udusenu 4w Idun (1) mAdeideusedng
WlpUsIUNANTENUTTZE1) AN INANTENUTTEZE
903n51l4 GenAl denadunninianisSeu Wnwenis
AnilAT1291 uainwiAnaiedndniimnisvesiBou
Tuviunvesaatuaaufnwlnalneoraussendly
NM39ENLUUNTANYILUUAMAADY (2) N93T0iTs
UsziiuilonnaeuUstdniuareinsaunundn At
nseuuAnThMIdeBessiduluantugefnuniiil
Uunuagninensuaneiu iefnwdaduaudise
wazguassadietinseuntsmfuguatiulfeuaie
(3) MsfnwIHansENUReAMIVERNA AN
funalulad msinsidelSeuiisuanuniaulag
nsiidaniesile GenAl szminsanitugandnuly
nyuMIITuATkardugiinie leginnaluladil
PawanuioteeYerineaAesaIRITa Tag
nglutssifunisidifaadediouuuiialdane
(premium tools) flenaaseanulaiuseudesou
N19N15@NET (Tantiathimongkhon et al., 2025) (4)
nsAnyIaTIzkaziuTsuiisuuleunenisldtygn
UseRwgvesandugaudnuilng asiinisimsie
waztUSouiisuulouig L us uazuinsnisiiu
guavesantugauAnwisyndlduds ileuseiiiu
ANEDAARDINUNTOULLIAA Thai Higher Education
Institution Generative Al Governance Framework
Hudsdnedadeanudiia guasse wazuuiufun
i LﬁaﬁﬂﬂgimiﬁwuﬁzwﬁﬁugLLa{]agiywﬂigﬁwi
vasanugaudnulnglusuine

unagy

NANISEUATIZIITIUNTINTT1 Generative
Al (GenAl) fidnaanlunisatvayuiusiandnues
an1tugauAnuilng sefiuniswdnsdin n193de
M3UINFIVINS MevhyieRauinusssy uagnis
Usmsdanis egdlsfiny UszAvduavesnisuszand
T3uegiunistifuguaiimanzasluszduulovs
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a1y uagnsUfUR AugiunanaTesIIN MY
TUsdla wazausuRaraUNI9IvINIg

ssaunssuaulrgaziouin AnuvynedAey
Lilfegmaluladifissodiufen uisamisnisusu
dmesfiidiuieadeduantugaudnu faguivis
Aananss uazgiBou ielianunsnld GenAl lfoga
Ts0dg1uMaTURAYBU (Tantiathimongkhon et al,,
2025) lagguImsanunsntn GenAl snldatuayu
MNaNLEINagYs mallenesitoyaiiienisdadula
uazMsUisUsEAvBnmMsUIsdansesdng Aanansd
anusaUszgnAltluMIRRNIUUNSEELMSaRU MIWARILN
donnsiioud msUszifiuna uwaznsatuayuauide
vaugdigfiFouamnsaliifuniosiioriodunii ad

afwaussougisududmiunmsinlueunan sl
N3l GenAl lunnseduaisegaiglandnisesssy
Anulusdla waganusuiinye uMAnN1TIINiuTes
nnaaduluanIdugaudny

arwlmdvesnsounuafniegiinsysannis
WWIN Al Governance @NaWiniuUIUNANIZYY
anntugaudnuilng Teeienlosnisiidugua 3
U oA seruuleuny seRuanIty wagseauns
UJUR Whiuiusfiandn 5 snuvesanidugaufn
g iwﬁy'w?iauimuiamUﬁmmwﬂisawﬁizﬁuma
Aumsifiusuluseiuantu deliaunsatmdn
nsidugua Al luussandldliedradugusssunas
denndesiuusunvedgaudnylling

B4AAINS NAWWINYENMSITEUIMEnULET LagiaTy

<+ >%; +
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Abstract

This article proposes a conceptual framework for Al-augmented teaching to support instructional planning
and learning activities in higher education. The framework is developed based on the Bloom’s Taxonomy
Revised and evidence-based principles from cognitive science, aiming to enhance educator efficiency
through the integration of artificial intelligence. The framework comprises four primary stages: (1)
Planning: utilizing Al to analyze curriculum standards and define learning outcomes aligned with
cognitive levels; (2) Design: employing Al to create activities, instructional materials, and assessment
tools covering all six levels of thinking; (3) Implementation: leveraging Al as an in-class assistant
to promote personalized learning and provide feedback to students; and (4) Evaluation: analyzing
learning achievement data to inform continuous improvement of teaching quality. The framework
adheres to the principle of Al as a teaching assistant, with instructors retaining ultimate control and
academic decision-making authority, thereby ensuring that technological adoption is comprehensive
and grounded in the highest standards of academic integrity and ethics. Additionally, the article
presents examples of prompts ready for practical use at each stage of the conceptual framework,
along with explanations of appropriate prompt engineering techniques. This aims to provide instructors
with concrete practices for integrating artificial intelligence into teaching within the context of Thai

higher education according to the higher education qualification standards, 2022

Keywords: instructional design, higher education, Bloom’s Taxonomy, generative Al
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lusedu Evaluate uag Create HISudoq
HufFadulauaradamanudisauesimun Al 3
Liaslirneulaenss winITgIuaankuUNMeIng
Tazuun (Rubric) AasnrunsgdulidFounumu
nsindula wardgeiideiosiaulnglivenisudly

IEEERR

Bloom’s Taxonomy AlUN1588nLUU Learning

Outcomes

HAGNEN15158U3 (Learning Outcomes: LO)
nnunnselinsenaiunsaianalaniuseduaing
Anves Bloom’s Taxonomy Al @nunsaatiuayy

& = o a A
a’]f\]’ISEJIUﬂ’IiL?JEJu LO Iﬂ&lLﬁuaﬂ’]ﬂ’iﬁl’IVILﬂﬁﬂzﬁm

| U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

LaznsIveumunseungulvasnndeiusyiud
oI MIvenuUUTEINTidusansamaistiviun
LO linseungumanssziu Tnglannzseiufigenii
Remember way Understand tlowauiinuznsan
saguqa w3oslousifiuusazUssnniaumnzauiu
szdumuRaTiunnaeil Tedeulstibmanziuseau
Remember wag Understand Togausntieldd1niu
27U Analyze wae Evaluate vauziidodaudeulén
waglassulddmsusedu Apply uag Create n1sld
Bloom’s Taxonomy Wunseunsiadeuauaenaded
521319 LO Anssunisiseud waznisuszdiunadadu

NaNNI5EIAYUD Al Teaching Assistant Framework

(% =

WIAIFIUAMIATEAURANANYIvRIUsEINAlNE AU

k]

N1509NUWUUHAANS NS US

UENIARMYNITUNITUINTFIUNTRAUAN Y
WA 2565 MNUARAANSNTISEUTAUAMIRLGAY
seRufaUsEnaumLegeley 4 anu laun (1) Aud
(Knowledge) Aisududenniluufiifuazdesenly

aa o

gARda (2) Yinwe (Skills) AsaumguitavinugIv1Tm
wazinweily Wy MsRnddinny auRnasaassé
maunlatigym waznsviaududiu lned1edenseu
i uvaanIsIwi 21 (3) 93u593u (Ethics) agviou
A JudiinsssHLaYTIEIUTIUNINITING Uae
(4) dnwazynAa (Character) ATOUARUUARNANLAY
Aduiiazviounudnuazianzaviuazanidy
(Announcement of the Higher Education Standards

Committee, 2022, pp. 35-36)

NI IUANE IR AT UGT Y sNTS
U Bloom’s Taxonomy Revised Faazisuunsuu
YoanszUIUMSARTUIIRM U YauEThRsg LAl
Ingvggvevalinsouaquiiisuinye 365554
uardnwazyana iy n13e8nuuy Al Teaching
Assistant Tuusungaudnwilvnedeesmdedwadng
nsoude 4 duegeasudu lilvifiesativayu

AUANFBL eI




wurAnn1sUdyUseAvguasulszansan
n15eau

wnAensi Al deEsudszdnsainnisaeu
vinefs 919198uar Al viausaufuludnuoed
919158 SUlnva U uNsAnaulalIgINISHaYNIS
Anad1eassd vmedl Al advayunsaiadeniuay
nsliteyateunduagwioides uwAninstundn
15 Human-in-the-Loop fifvunl#eransdénsd
vnumdugdndulavdn lae Al lauenindennie
Uszananadoya uro191sdilugnsisaauuassuses
wadnsneutnluldiaue (Mollick & Mollick, 2023)
il Al anansauunumndnlunisatuayunisaey
16 3 6 A (1) §39maeu (Instructional Partner) (2)
A31uUszidluna (Evaluative Partner) uag (3) 634

f1319 1

Andulaanisaeu (Pedagogical Decision Partner)
lngudazunumdansdaseg nelanisiiuguaves
919158 (Shi & Choi, 2024)

wAllA Prompt Engineering a1%35U Al Teaching

Assistant

Prompt Engineering ABYinteN1500nLUUA1

'
[

&3 (Prompt) T Al @ansailaviuniazasawadns
MnseingUsasd 3 UNESCO (2023) seyinlurinue

o o A

A NonsdiosnauLNelina ey Generative Al
I@egrafudnenn Mallanunsadnnguinaiandnle
MaA15199 1 Faagu Framework waginadanuuzi

ANNSULAAYTLILVDINTOULUIAN

Prompt Framework 4asinaiANuus g 195 usnas seee

Framework Tassasng WANIZAUTZYZ finpgnenslgeu
RTF Role - Task — Format Plan / ﬁmumwmmﬁﬁmmag NuiidenIs wazgukuY
Design NANS WU #1919 %38 JSON
TAG Task — Action - Goal Plan / s¥YU NMInsevifidesns wazidvsnefidaiay
Assess Wz AUNITIATIZINAFDU
RISE Role - Instructions — Design / WNNZAU Prompt ﬁﬁaams%’umauﬂﬁﬁaﬁﬂmwu
Steps — End goal Implement 11 A198579 Rubric
Chain of Let's think step by Analyze / nazdfu Al THuanamaiiastu wnzfumsinses
Thought step... Evaluate lAnnTENITinTEAUAINAR
Few-shot e84 2-3 Funou Design / WinAnuwiuSvemadndiilefosnssuuuiane
A0 Assess 1 N19Wsu CLO %30 Feedback
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aNMSIReU Prompt Villuss@visnmdloseUsnou

(%

d1fny 5 Usenis Ae (1) sEyunuImved Al agedniau

<

(2) WuTuniiiieane W seAugiSeulasauin (3)
SEUSULUUNRANSAFBIn1s (4) fMuundeulutazds

° :J“ gy 1% = a - 1%
d1inndau ke (5) voli Al YUAEUNAFIUNTOUIS
Wedoyaluiiane n1sUudin Prompt AlNadNSH

'
a vaa o o [

v Prompt Library 5@LﬂuLLmUQUWLLu3mmm

a

o‘dl 4 v 1 = a
9191587683015 Al 9gediuszaNSAIN

a ¥ a ¢ < Y 1
nsauuuIAnnsddgyuszugilugvyaeaiansd

v '

NMATEIUIMEIAMERINsREUIsEUTIImATR
N15E0U WU N1SENAIANIIINAINTT (Retrieval
Practice) M3a®UaIUIT9an (Elaborative Interrogation)
WaZMINTIEDUANLILTA (Monitoring Comprehension)
fiaruduiusiduntunadugrinnanisSeu Tnieu
Mtmadadenandsfinnudesivlunuesgeiniiuas
fWimuaRnAILUULAULH (Growth Mindset) Aifindn

(Ruiz-Martin et al., 2024) ¥oAuUNULAATILYIN Al

¢ &

Teaching Assistant Aslasun1senuuUlRduas
ANIsuNBnangIuTUsEdnd 1nnIINITY BT
Wigan1sasulilonnson1sviesdn

Al Teaching Assistant Framework flassa3ns
4 fumeundniidenlostuiduisasdeiios 1ud Plan
(2M49Um1), Design (9aALUY), Implement (1ilUld)
wag Assess (Usyiiluma) NAENSINTUADY Assess 4z
gminnduluusuugsduneu Plan dwfuseudalua
w&nn"3 PDCA N3auLLaAaild Bloom’s Taxonomy
Duitugiulunistaseiuianssuuasidoniadesile
Al fisnzasluuiagtuneu duneu Plan gatiuns
AATILVUIRTFIUNENERT 1UA Learning Outcomes
wageanluu Course Structure %umau Design Juns
a¥ianssuuardodifusUsssn funeu Implement
Hunathususasdoluliluanumsalois wasdunou
Assess ULTUNITIATIENNATHENITISEUT ATIIM
Learning Gaps LAz 19unuUuUstagreLilos

AN 1 LrUNNNsoULAnNS YU AYs T uRtIge19159 Mdenlesiu Bloom’s Taxonomy kagunuin Al

o« Y

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad




NANNI59BNLUY

nsldnseuwwafaiidamundnnisesnuuy
4 Uszn1s Usenisusn Al aasvimiididu Co-pilot
1aily Autopilot Ingenansddmsdenduddndulauas
AIUALANAINNITEDU (Shi & Choi, 2024) Usgnsdi
@99 Human-in-the-Loop naMfennNadnsan Al
FosrunisnsaasunoutilUly (eswn Al ffe
91AAf1U Hallucination 8Af (Bias) waznN1591AAI1Y
wWilaluusumaniz (Holstein et al., 2019) Usznis
flan nsmsiadeuANAenAdBsTENinLAIale/
Aans3uAU Learning Outcomes wavUsen13anying
ANAINTOTUN1TVEBUUIN (Scalability) waznis
Sgushuulanizyana (Personalization)

n13Uszendld Al Teaching Assistant Tuusazaunau
JUADBUNTITINNUNUNTTEDU (Planning Phase)

Junaunisnuiugaiuduiddyiian

Y893995 gy aiunn1sfimua Leamning Outcomes
AUTZAU Bloom’s Taxonomy Lald988nluuianssy

M99 2

wagdsnisuseliufidonndasiu Aanssundnusenau
MENTIATIRNNINTTIUNENERT LU NTOU TQF 130
1195514 ACM/IEEE n15Aviun Learning Outcomes
Pldn3e1¥analému Bloom’s Taxonomy wagn1s
28nkuU Course Structure ﬁaamﬂé’mﬁu Al @1u1sn
AUAUNITATUUITZAUINONEITUINTEIU LEUD
Learning Outcomes L‘ﬁ’a\‘léfu UAYIINUNUNITEDUTY
dUnni (Weekly Plan) Prompt Auszoziuuzi
14 RTF Framework Tngszyunumgieisgsu
VIANGAT UTUNYDI5187391 LLangLwaaﬁwéﬁﬁaams
windeanisnadnsfiilaseadivanizasldinaia
Few-shot Tnguanssnag1a CLO 7R 1-2 Farau

Fregnemdsiianuseldle wu “drensradeu
Learning Outcomes ¥943183%1 Data Structures i
$lY nsouaguradndnITFoudia 4 du Tdud
AN3 Yinve 938555 LavdnuazyAna MUUTENIA
ARENTIUNITUINTTIUNTRANANYY W.A. 2565 170
13 w¥ouausuurtofivnamelunasuuinienisiiiu
1N~ (Announcement of the Higher Education
Standards Committee, 2022, pp. 35-36)

1387974 Bloom’s Taxonomy &1%3Un15g4 Learning Outcomes

SZAU n3enfiuuzii fi19819 LO
Remember vy, 85U1e, ven, gy, andn afuuAuaNURYeY Stack uay Queue I
Understand wland1y, ndee e, Wisuwiey, a3y, Twun  WWSsulilsudendeiduvas Aray fu
Linked List lg1
Apply Uszandld, undym, Wi, a13e, dlUld Waunlusunsuleeld Binary Search Tree laf
Analyze FATITH, LUNWEY, ATIVABY, INTEUU AATRAugULouYes Algorithm e
Evaluate Useidly, dindu, 39150d, 1Hen, Tiveua Lﬁaﬂiﬂjaa%ﬁﬁmﬂaﬁmmzamﬁu
Ygymanuuale
Create PONUWUY, d319, 1AL, NEN, Usehyg panuwuulassaiedoyalnsidmsy

Yeymangle
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seluilavvesniiogrsnsadnaununisaoy
5188Un19 (Weekly Plan) Lagn1suunaansnig
L%‘aui’izﬁmﬂaﬁ‘sm (Course Learning Outcomes:
CLOs) dwfudnlaseaiiateya (data structures)
vosndngasialulaBansauma sluiaumdngnsle
fvun PLO wazseauved Bloom’s Taxonomy 13
Wi
A19819 Prompt N15WBUNARNS N5 TeUIEAY
318791 (Course Learning Outcomes: CLOs)

unum (Role): pasdagifermasiuniseantuy
nangnyseAveaudnm ninaudeamglu Bloom’s
Taxonomy Revised, Constructive Alisnment lay
1IN TFIUAALIRITAUANRINY TVBUSHUNALYE WA 2565

USUN (Context): WuAeINI500NUUY CLOS U84
163071 Tassasredoya’ FmsuhAnuduii 2 mm
M@ 1 wihaeAn 3(2-2-5) néngnsInenmans
Uaudier v 13 nvaluladansaiine Aesu1gs183)
Ao amesuiesieivmsadomineanisaon

AN 2 g araTNENsSeusEAUTEInlasaieteya

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

wildiesnis (Task): gaIgeenuuy CLOs 71U
5-6 99 lagli CLOs va351839189AAADNU PLOS
uag CLOs muman Constructive Alisnment lag
ﬂ’ia‘l/ﬁ]@il’ié’@v‘l/ Bloom’s Taxonomy 3 sauU Ao
Remember, Understand, Apply uazln3eniinsaiu
##U Bloom’s usiaxd (33 PLO figeandsd CLO
uaslauauuy 350U Ui auf s sy CLOJ

1w 5193 idndngasimn PLO 13 2 dofe
PLO1 o8 gmanmsitugun1eadnmians Ineins
pouitunes uazmaluladarsaume ivndudenis
Usenaudriingrumaluladarsaunals uag PLO2
Ussgnalduumeduin Taseaindoya uayiu
w915 Tunisimvensuasla eenuvy CLOs 19
ATBUAQUILAY Bloom’s Taxonomy 3 5¥AU Ad
Remember, Understand lag Apply

[va7gt8: Prompt Zﬁ?}jRTF Framework 3¢ Role,
Context (W Task format), uag Task isavau wn
#ounsnasu Ul 8E79 CLO 717 1 98
nauau Task (Few-shot technique)]




719819 Prompt a@$19uKun1saous18duan
(Weekly Plan)

unum (Role): AauAayidedvgya 1unIseanuuy

a

nangnssyAvanudnm iinudearglu Bloom’s
Taxonomy Revised, Constructive Alignment iag
HINTFINAIAITEAVEANANYIVEIUTE ALY .4,
2565

USUN (Context): Wu#84NITTTINUAUNITTDUTIE
dUn dmsvin laseasndeya’ 91w 15 dUA
Inedn il 8 aounarna, AU 16 aouate
079, uHazaUnYdUTIENE 2 v, uagujun 2 wu.

ufidesnts (Task): a5794rUNIsaOUTIEAUNIY
dwsusiednid Inedaguuvuidunrsieidnedun
1. 8Um%ii 2. 528U Bloom’s Taxonomy 3. ¥ada/
ionvdn 4. Aanssuussers 5. Aanssuufos 6.
Assignment/A7uia UL 7. CLO fiaennda

[va786918): Prompt 1% RTF Framework 3¢l Role,
Context (UnY Task format), uag Task ﬁ??’mqm]

dmsuillennseylu Prompt 813uNue3Y
o a a 9 A v vy v 5
Aesuigegivinssylilundnans Wslasunadng

A 3 ununIsaeuTdUaIvIlATIETIteya

210 Al 819136AIINTIVADUANUMLITAUAUUTUN
sefuAueIn uaziugiuvesindnwn saufade
Sriasunandifleg msusuidsuiiielaenadoiu
anunsalaadumhidfguoseansdamnuama

Human-in-the-Loop

JUNDUNITDDNAUUUNINTTUUAZFON1588U (Design
Phase)

Fumeumseenuuuianssusazdensaoudy
2371 Al aansaatiuayueiasdlaedeiifodife ms
PONLUUAINTINABIATNENTEAU Bloom’s Taxonomy
wazdsnisBeusiivdngiuatuayy dmiuszsy
Remember/Understand 19 Al a¥1aiilemussens
Laglhluunagauluu Retrieval Practice imﬁqmiﬁu'ﬂ
A10ULUU Elaborative Interrogation @1%suszAU
Apply/Analyze 19 Al @519nsaiAnen Tanddgm wag
Aregraland1miunisiiasied lngUsvendinaila
Interleaving Ta16nE @115UTEAU Evaluate/Create 11
Al afuayun130enkuy Rubric kazinauain1suseiiu
ualamaslon Al @asrswasulnutin@ne
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M1919 3

M3eulesAanssu Bloom’s Taxonomy WagunuIviasedde Al

s¢AU Bloom's

AANTTUNANIZEY

unun Al

Remember Flashcards, Quiz, aqﬂl,ﬁlam
Understand Video, Infographic, 85u1¢
Apply Lab, Tang), Coding Exercise
Analyze Case Study, Code Review
Evaluate Peer Review, Code Critique
Create Project, Portfolio

@519A1011 Retrieval Practice
8UNBLUIAR, @S19nInUsenau
asr9lang, Megralan
as1eansaldnen, AanuATIER
@319 Rubric, tnausiUsgiiiuy

197 Feedback, wugu1fidng

f18819 Prompt @519988au Multiple Choice

“a91999a9U Multiple Choice 1599 Stack uax
Queue T1U 10 99 lpg: wuailu Remember 3
98, Understand 4 9s, Apply 3 98, eavvad 4 67
1590 lpg Distractor ADIAUAALNE, T2YIRASUAY

J a

A195U18, ¥YI¥AY Bloom’s Yeumnazve”

[wsnens: Prompt ildinaiia Zero-shot fulaseass
TAG - Task Aeas199eaey, Action AoUUISEAU
Bloom’s, Goal Asladeaeounseuaag winmednIs
susvuiisinauasvandulnly Few-shot lnguand

v 9

108 1990a0Y 1-2 99nN0Y]

729819 Prompt 1158519 Rubric

“4579 Rubric &1%35UUseldlu Programming Project
100 Azuwy lng: 77919 5 1nad9i: Functionality, Code
Quality, Documentation, Creativity, Presentation,
Umaginalid 4 seau: Excellent, Good, Satisfactory,
Needs Improvement, a5urganwaizaiuluunas
syAveaenilugUsssy, vundaaaupzuLsIa 1007

[va78t98): Prompt ild risE Framework — Role (59//
(Feargssdua), Instructions (71U 5 nald),
Steps (4 598), End goal (Rubric 100 Aziu) iy
Role fifuiitelsiuadwsiiumsgugaiu]

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

@ [

1aA35eTaNd1Afie Al 81aasnateyadili
gniRdkarkuUnAdeUNRlsERuALENTliTgay

Snstemnls Al adrsuvunaasudilusUiuuiia
UnAnwrenanidimeuldann Al Sy 91915823
USUUSUNTIARNZR1E AR LUNITANILATIZH NS
Wiguguraansannunannesy Al vianeda i
ChatGPT, Claude Way Gemini WUIAAIULANG
fuluduauazdenveniomuazaugniaamis
wallA 919156 33Mnaeddunnivdunaniesy

o v

dmsuaudfyy

uenani Al fsatuayunisaiisdonisaon
linareguuuy @mfu Lecture Notes uag Slides
14 ChatGPT, Gemini %30 Claude $raiifown uae
Gamma %39 Beautiful.ai @314 Slides 8nlusif 115U
Infographic e Diagram 1% Gemini Canvas, Claude
Artifact %38 Canva Al 591819 Mermaid %38 Draw.io

#1350 Flowchart, ER Diagram %30 Class Diagram

Junauni1sunluTdluruiseu (Implementation
Phase)

) & e o 4 A 1%
‘UUWQU‘UL‘U‘Uﬂ'ﬁ‘UWLLNULL@%ﬁ@W@@ﬂLLUUI’JNW

a o

Toluan1unisaiads loe Al Junumdndglu 3 dfvan




AAusn n1safuayuluuTiuYiaad (Real-time
support) Al @ansameumauuenmilonniiond
wipdlivieasadnosafiuduléviug wu ad1amsns
WIBUWIBUTEINe Hash Table wag Binary Search
Tree saudeadvayunIsasedaudmiu Active
Learning W Think-Pair-Share Questions, Socratic
Questions Wag Debate Prompts Feaonndoafiu
UnU™ Teaching Aid Tool #iszylae Shi and Choi (2024)

fiafiges nslvdeyateunduianizyana
(Personalized Feedback) Al atfuayunnsas i Feedback
Aownzazadmivmuesinfnuusazen lagssyaad
vildRuagiauouurLuIMaUuUse 44 Shiand Choi
(2024) %’muwmwﬁaﬁuﬂﬁju Evaluative Partner 7
Haelvienarsdandulalaegafivss@nsamn

fidfiany nsatfuayuseyana (Individual
Support) Al THUIA19MaUAI0IN AATIZA Learning
Gaps Hazliuzi Adaptive Learning Path lngtindnwn
fifiugugouldsunuuiinfiugiu seiutunandlésy
Tandivannuans uazseiugdlasulandvmeiisida

A18819 Prompt a¥adayatounduianizyana

(Personalized Feedback)

“Si512418M Python Y891in@n®1797 Binary Search
uazlf Feedback lne: 1) szygainilas 2-3 1e, 2)
sEyeaiinIsUsuYye 2-3 do wioummna, 3) taue
uugsudlyiiugusssy, 4) Bimasleuazuuanig
W ”

[sneing: §1sunsinsvlanisudoy uuzl
Ihiiiudds ‘o5urenIsimsIeiitasdu’ (Chain of
Thought) #lai1e Prompt el Al uﬁmmﬁgwaﬁ
asIvgeulaneul Feedback]

1 I3 4 a v [
ag13l3Anu n15ld Al msrasuiidonisszds

d1fgy Taun AuuLugT (Al 913RANURANAR)
ANUNEATTIU (Al B1a%0AR) wazaalusdla (Tnfnw

AIsnsIUAEIRUNTTE Al Aalin 919158A15dUATI9
nadnsan Al waziluddnduladuanvieiaue

Junaun1sussiliunaunazyIuuse (Assessment
Phase)

Fumouilldun1sane93 Framework lng Al
aduayunTinTsinarouRusaRATugIU (Ande
LLazd’JuLﬁ‘c’qummgm)iﬂ%uﬁd ltem Analysis, Error
Pattern Analysis ag Correlation Analysis 52184
N1395333U Learning Gaps lusgAuyana (A1
AZLUUAILTITR) SEAUNAY (Clustering Analysis)
wagszRutUBEU (M31AswiadnsIiiousuisns
aou) Al faaduayun1siAs1ey Course Evaluation
it BaUTunauazdanunm lasianiz Text Analysis
flansnsadangdunnuAnuiiu Iiased Sentiment wag
agUUssLfuddy wansliesgiiaunazgninndy
Tl luduneu Planning feal#iAinaeas Continuous
Improvement fivhl#n1saouimutuseadussu

729819 Prompt JtAs1zinadeau

“UATITVNaaOUNAINAIATYI Data Structures 971
IWa7uuy: 1) Fruaal Mean, Median, SD, Min,
Max, 2) UATIzviAzuuuLengIuiive, 3) szyiate
TINGNSIIALMIUTINT NN, 4) LU UUINT
Usuganisaou”

[v31784919): Prompt 1% TAG Framework — Task A
InTIwdNaseu, Action AoAIUINTIALAZIANG,
Goal Aalduuamasuvsenisaou luussamsnmlng
uuy CSV nadounsause ynauiai/laisiluuium]

TaAITNANTAUIAIUITYTITUUATAMUAINKHATNS

518 Al TunsEnuniiuseiduiiesfiansan
8t 19UABUNANEUTENNT Usen1susn Auadanly
dudn JeyadiuuanakazHanIseuvesinAnw
91agnasludausnis Al meuen Jedeudenlduinig
fulsunedaaunazauteyaiissyimuneuduane
Usgnsiiaes fuend 1leaain Al o1afieafanndeya
ldin Fedesiinisduasiannugndesogsainane
UsgAnsiiana fu Al Hallucination Liesann Al 813
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a

afdoyaiiguvetiownlignies JeonTivaey

1%
[

%@Lﬁﬁ]ﬂ%ﬂnﬂﬂiﬂ ANTNUNIUITIUNTIUVYDY Yan et

al. (2024) FLAAUIIPURIMIBAI1LSEFIINIUNNS
14 LLM Tun1s@nwn Tasianizaiuanugnied A
I ' o I ] 2 Ay %

Wudua kazanudusssuidudseiiunsaslining

'
[ 1 a

81989 (UNESCO, 2023)

1]

G

wonunieananudsidiumaia Ussidy
Pusssumannsidulinfidfalaiuiiu Usenne
AMENITUATUINTTIUNTOAUAN Y W.A. 2565 T8
feg1ansnseinilignaesssu wu nmsdnaenua
U NIFYITANITYING bavnN15azilanTngaunisg
Uy (Announcement of the Higher Education
Standards Committee, 2022, pp. 35-36) Faflmu

N8I ALATINUANULEINUNANE197191Y Al @519

M1919 4

HaulaglidiinnisiSeus 9131583mrsivunan
UitRAeTuNslE Al vestind@nwlidanu eanuuy
unpumnefiduaiunsBoudediausiais wagld
nalnuszfiuifanudlegBoulsundedie

49A2TNINTUIRIUNITNALINELD12158

AM517 Al Teaching Assistant 11193110 uR a4
Wanvinwylva 4 Usenis fe (1) Prompt Engineering
nMs@pumdsidaaussyuiun ULUY wazinusl

a

(2) Al Literacy anunlaigafunann1svineuy 4o
A0 wazAnenInYee Al (3) Critical Evaluation
nsUsziluradwsan Al eg1eiiiansag i wag (4)
Tool Integration nsdenuasnauraIwAIasile A
Tmnyauiunisaou

ayudalauauusamsun19d Al Teaching Assistant luuszensdly

Usziiu WUINI FoA25527
= o Y Y o W ' a & 1 @ 4

QREZPEHLp I9a330381 2-4 dUamidmsuiln Lipasisunnduneunieuiu den 1-2
Prompt Engineering TURDUNIHANTENUGS

N139539a0Y duasiaguanuegiosiovay 20 Al 813 Hallucinate w38y Feedback
asrandulusudfny liinsauseiny

Aulussla wdsuleung Al undnAnwisawsduusn UnAnwiarsnsudn Al Bdausiulu
feaneanssal N3EUIUNISLA

n1stasiunisian 29NKUUNITUIELIUNTAAULTR934 nAnwiunaauenaly Al viouuny
Wi Live Coding lngldiinnsiSeus

A1519 5

-3 4 a [

UTELANATUITUTITULATUUINIIANTT

Usziiu WUINY FaA255299

Usziiu GPRHIEEN WWIN9TANTT
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Abstract

Article presents the development of a community-based health care model for patients with diabetes
mellitus and hypertension. This study aimed to develop, implement, and evaluate a community-based
healthcare model for patients with diabetes mellitus and hypertension. Using participatory action research
combined with a quasi-experimental design, 50 participants from Rangsit Subdistrict, Thanyaburi District,
Pathum Thani Province engaged in a 24-week self-management program. The model was grounded
in Orem’s Self-Care Theory, self-management theory, and Thai traditional medicine concepts. Data were
collected through questionnaires, interviews, and clinical records of blood glucose and blood pressure.
Quantitative analysis employed descriptive statistics and paired t-tests, while qualitative data were
examined using content analysis. Results showed that most participants were female and aged 60
years or older. Post-intervention, mean knowledge scores increased significantly from 7.68 (SD=0.96)
to 9.58 (SD=0.54), and health behavior scores improved from 3.19 (SD=0.52) to 4.31 (SD=0.14) (p<.001).
Clinical outcomes demonstrated reductions in blood glucose from 130.42 (SD=27.76) mg/dl to 123.38
(SD=13.56) mg/dl, and blood pressure from 147.66/91.04 (SD=3.20/3.30) mmHg to 139.30/80.57
(SD=1.97/1.33) mmHg. Overall satisfaction with the model was high, particularly regarding family support. In
conclusion, the integrated multi-approach combining community-based practices and self-management
effectively improved knowledge, health behaviors, and clinical outcomes, supporting sustainable

lifestyle changes among patients with diabetes mellitus and hypertension.

Keywords: self-management, health behaviors, community-based
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Tusunss GPower ddlidmiun1sideiimnans fviun
seiuTTddnyT 0.05 (0) fhdinsmaaeu (power) 71 0.80
YUINBNEHA (effect size) AszAuUIUNAS (0.5) 9516
Snunguiegstus Uz 34 au ognslsfinia e
Jasiumsandedayaiinnisvinnisinniu £33l
Wivsnungusesnaiiu 50 au Seaenndosiuteiaue
994 Flanagan and Beck (2026) fiszyin m53deida
naaosmsisulidesnit 30 Audenduiieliua
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MnHaMIFnget il Tide
adailFaléun fuaelsaumvmunarisaaudulafings
F1uru 50 Au AlFTUNMIAAEONLULIRIEAS (purposive
sampling) mannaifiimma Taeidungusegeiive
wudrognedon 19 01y 20 YUY trewmdenuies
16 wazadnsle Idszezanlunisaiiiunis 10 hau
(WuAIAY 2568-NUNINUS 2569) laedin1snaaes
Wudu 24 dUan

fumeunside Usenoudae (1) Anwrdoya
flugnu (2) Mannguuuy (3) naaedld way (4) Ussiiu
nauazUSUUS Inefiianssumdn Tiun madativane
Tudua9id 1-2 Inefifedudunsduadiviarudni
sULuuMsauaguAnElelsaluIULAElsARILR
Tofingenuidguru uaglvinguiognsiatmanely
NITALAFUAINATLUUINIVBIFULUY 4 N1TAARIY
nuesRtmiluduaif 3-23 uaznsideatiu/nsdw
Aamuluduansiil 6 10 12-13 14 18 uag 22 nsiAu
swsdoyaannsfineide aesiiunis 2 adade
wuvaeUaABIfUANI AN ANTIUMSALAGN M
FNUKLIVNNITYIANNS 3 Nauinan Usenaume g ed)
NMIUAFUNTNAULLIBILBITU NYBiNSTINNITAULET
wazkaAnMILmSLlng wutufinssdutina
Tuidoauararuduladn lnoafiusnazduiunis
naunsldguiuunIsguagua g UlglsaluInIg
wazlsannudulaingemuifyusy dungueUislsa
wvnulaglsanumlainga uazASafl 2 wdsan
finduiiogreiinisldgunuy = luuds 24 dUavi ns
ANTuunINAINTINN 9 lagIdouazedie diu
nsfaifiotufinsgduinaludenuazauduladi
sgdudunaiflongusegaldunsdadenidiso
M53d8 eindunsilofhedmmuunmdaida
wazdiniaifiutoyaseduinnnaluden (FBS) uazau
muladinnuund Wunisandunisneudisinnside
LLazﬁwLﬁumsﬁﬂﬂ%u’uﬁa?:uqmmﬁﬁa mﬂﬁ?uﬂﬁaagaﬁ
Ieesngusograusazausmaads mssuiuau
Fudeyaiduiunislaediminfuaziadosionu

mmgm%aﬂiqwmma

atanldlun1simsgvideyalaedayadiu

UAARYINNTIATIEMAIN TS (descriptive analysis)
\loeSunsdnuUTErINTUATHAGNEYBINTNATBY
UaENITIATIZATIUT UL (comparative analysis)
ienisiIsuliisunadnsnounazudanisnaass
Bnseilaglilusunsumeuiinnesdnsagy muund
sydutudfnymneadnn .05 liuA n1suanuasad
(frequency) $o8ag (percentage) Aade (mean)
wazddeauuLInTgIL (SD) daunsiudeuliioy
HASNSNOULALUAINITNARBY MINITIATIEYITRYA
sheadRiBadIeuiiiou Faainsanisvadevauuigiu
A28 Wilcoxon sign-rank test (p<.001) LaZHNAAINITE
19adid t-test waztoyaldananmainnisauntvel 19

ATIATIZALLENT (content analysis)
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in3eafleililunside Uszneuse

1. sUsuunsouagua g UlelsaluInIy
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1051 MQuinITAN1IAULT LAZLUIRANITLINVIELAL
InglasthunvszendiduguuuunisguaguaingUae
lsatumnuuazlsanuaulafinganiuinyuyy
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yosyuw (5) mldimaluladifiensquaguain uag
(6) weAnTTUIUNITAUAFUNIN MILUUIAANITUNNEY
waulneuyszandldlneguwuunisguaguningUie
lsatuamnusazlsanudulafingeniuinyuyy
Usgnaumieianssunisaniiuaiy wu nsldayulng
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wAnIHAUA AL IRy Lot ufinwgAnssumaee

32821a1N1 ALY
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3. WUUEUNY Lﬁaﬂﬁ’s’mmmil,t,azwqamm
FUNN Formaunvseanidunoud 1 ToyadIuynAna
nOUT 2 AU UNITAUAGUAIN neudl 3 wAnssu
N19AWAFUAIN kazlhuvaaun1uaufianelanaz
AUAAWY TnedarnnuveInuUas U NI dnYlY
ufmaugn-in wazhuuinsadussuiae (rating
scale) 31 5 5EAU AOIUAIUUINIRAZLUL 5 4 3 2 Lay
1 dwiuaulinzuuu 12 3 4 uay 5 Laguuuaauaiy
Anudanela Wukuunsiduyssanua (rating
scale) 1 5 5zduU muAARuINNTian fuleeiign

ASLUN 54 3 2 uay 1

4. woudunwaifdassaina dmdunsaunun
nauilelzandamuazguasia lasagsdunsiu
ngufegidanundenlunsidriunisdunival
4119U 20 AU

5. \sedilonmsgiuvnenatn laun 1aeaany

UIANALAZLASBIINAINUAULATR

mMsnmaeuRaeSsolFlumsTuT
Taya Inglin1snianunsadielasase (construct
validity) ANUASIVEIE OV (content validity) R
NANISILATIZY construct validity ¢ CFA Wuln
wugeuniinunsadsiassadaiilusu convergent
wag discriminant validity m1uinauaiuInsgIuves Hair
etal. (2019) wagfiFervgy 3 viu WanuAndiuile
mAmwiauaenndes (Index of Item Objective
Consistency: 100) wazidontamaudifen 10C Fau
0.5-1.0 Suldiludemamiidrunissmsamnunzeand
arunléiduonm drunisesieaeuAinnudesiu
(reliability) §3elfdunsmsraaouainudesiy
afiunisinedinuvasuanulunaassld (try out)
Auiihelsavmunaslsaanusilafingaannendu 4
AfdnwazUaslsaumiulaglsannuiulaings
IndiAssungusnog1eiinnis@nediuan 30 au
warinsmenudeiureedeile (reliability) Ing
THnshnseimanduysyansuearnivesaseuun
(Cronbach’s Alpha Coefficient) RRIE ALY
audestiuiaduusyansuearvesaseutnuinn iy
0.7 FulU TneAanuidesugunsdanisauesdiu
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wazunndunulng Ao 0.89 wararunisiidiusiuly
guyukazsltinalulad fie 0.88 LavaINNITIATIEN
WU Aenudesiuveuniesielnesuld 0.87
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NAN15IY

HANTITBATOATUALUTTLAUAIS o fio
Toyadiuynnaveinguiiogvd g idumeandgs
018 60 FulU IFSunisAnunlusedudseudnu i
a13nsudaialy dwlngUredulsaanuduladio
g4 lngtheuuad 1-3 U anuanuilunisguaaunn
WU NEVEINISHNTINAINTTU Nquag19diaz U
La?iEJmmilﬁuﬁ'ﬁyuaéwaﬁﬁsﬁﬁ@mqaﬁa (p<.001)
Tnoflzuuuadoifiuain 7.68 (SD=0.96) 1T 9.58
(SD=0.54) Ingnipun1snaaeengusegwdnlvgjagly
seAuUIUNAIe (Fogar 82.00) WARINITNAGDIAIY
Inejaglusyiugs (Feear 98.00) drua1unginssy
N13LAEUAIN WU NnRnssulaeTanATuag et
dAguneana (p<.001)Immzaumaﬁmwnnﬁmﬁm
911 3.19 (SD=0.52) 1Ju 4.31 (SD=0.14) lneianz
Frumsiamsauesiiiintnu 4.72 (SD=0.21) uas
ﬁmmﬂ%msl,l,wmél,mulmLLazqﬁ{]zyzyﬂﬁLﬁm%uLi‘]u
4.02 (SD=0.16) dusuKaTNENATEN WU NEY
fhedrflsziuthmaluifenanasaindnaie 130.42
me/dl (SD=27.76) 18u 110.42 mg/dl (SD=9.91) uaz
firnanudulafinanasaineindeduu (SBP) 147.66
mmHg (SD=3.20) 181 139.30 mmHg (SD=1.97) uay
AuadeEa1s (DBP) 91.04 mmHe (SD=3.30) 1fu 80.57
mmHg (SD=1.33) UagaInnIsaunIsainguiiag
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wlannifuly saufuanuesen vindeutes wagly
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5 vy wiuln walyl Uan 419089 ansadn eanias
My sinkeu wazfuuszmugimuunmddanena
auduladin waznisnsratianaludenaiiaue
Tiawddyfunisquanuiessianissufingunim
wazn13dannenis laeilgnraiugleiduguanis
Iayulnsuasgidyrlvnedns wu dmzarelas
UgUUkUn NMTwInkazevaNulng uaildediinuas
ANuimasels ssuvatuayuanaAsouasy aay.
waziioutiurisduaiuguain Aanssudsauuas
usedumalannyananiededunum uiguassade
van sumglinden wazn1snulavin aavingiaue
Tiunsussrduiusuazfanssuiioaiusagdle
wazauiBeileluuruiutenuiii

f19719 1

P2
a o/

“futantuvan Audnduiy Aunaldniu
09n7a LeaTNgYNINGg

w2 o I3 a v o Y
AUy 9y 1Ay AW yuutls vy
Ismurva7y A uay”

“msluinSen aanmiadnie sinaeulinea
wa avelunissnwiainisvedlsala”

“msldayulnsaruisovielunisgualsaly”

“AsoUATI oay. Juvy 191u717elunITgua
quam Mldlsasoguanieslanyu”

naufmsgiinuianelasenisldsuuuunis
auaguangUislsalumuuazlsaaudulaings
mm%ﬁsqmuiumwmmagJﬁﬂzLLuuLaﬁa 3.82(SD=0.29)
eoglusziuuunansiisgs Inedanudfisnelasionny
Prewdeanaseuniluseiugunn azuuuede 4.34
(flam1319 1-4)

msguliiguaskuaagsIunIug wednssulunisguagunimvessaglsmuimiuuaslsanudulaiags

TIUYNATUNOUUAENAIN1TNARDY (N=50)

mMswiguiisuasuuuggsm SD t df p-value Gl

A3 wadnssulunisqua

gunnvasgUaelsaiuiviny

uazlsanuaulaiings

FAUNNAY

AUFNBUNTNARDY 7.68 0.96 -14.10 49.00 <.001  uAnFneeEN
v o HdvdnAgy

ANUIVAINITNARDY 9.58 0.54

NHANIIUNBUNITNAADY 3.19 0.52 -17.65 49.00 <001  uANF19REN

a o o w
wAnsIundan1svaass 431 0.14 HUBEATY
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AnRATEAUIIMaludenvegelsaiumITuuarlsanudulaings nouuagnain1snaaed (n = 50)

Atndeszauinaaluidenvesfiaslsaumauuatlsaanusulaiings X SD
nouLaznaIN1INAass (meg/dl)
ANUSNaUNINARLY 130.42 27.76
ANUINAINITNAGDS 110.42 9.91
A543
AnadgnIuAulaTnveyUelsaIIuLAYIsARINALIATIRGY NouuasaInITNAaed (n=50)
AtadsanudulafinvesUislsauiminuuay X sD
TsaAuAUlafingenauwasnaIN1maaae (mmHg) , ,
Uy a9 Uy a4
NAUNNTNARDY 147.66 91.04 3.20 3.30
NAINITNARD 139.30 80.57 1.97 1.33
A1519 4

vAUAINTTINelaveInguileg g UelsAuIIILLa TARIINALIATIngUN g T UTULUUN 159UAgYN NE U e

IsmumauarAunulaingnIuIayusy (n=50)

sziuauianelavasnguiiegnefUaelsaumaunaslsannudulaiings Sy Jovay
WeatusuiuumsaagunmiUlslsainnuuazlsannuiulaingennuityusu

JEAUE 25 50.00
seauUIUNANg 20 40.00
spiu 5 10.00
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wagwuInIsauaaua g Uaglsaiuiminuuaglse
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FUhsuvnudiensidayulnsuagnisuiuiasy
ngfinssuuslan (2) audsmungde: n1sUfURsIIY
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AulULUINIITA
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ausamuaNlsaluIIIuLazAuaulaingale
ageilUsEANSA M denadeivanuigiu tnegUae
fwgAnssuauamATuannsativayuuaslianug
AIUIEUU Educative-supportive system mawqwﬁ
Toi5ul (Hassan et al.,, 2025) §4 oau. uazAToUATI
unumddnlunistiiuarAnnuegndlnadn
N15Ysanns wansssanuteuas)idaan
Ing Wy n1swnlng n1sinauns waznsldayulng
futu eszdun nsuflen Autie nszideuuns)
PrgannnuasuaLazUvauganiela danalviszdu
ﬁuﬂmau,azmméﬁ’uiaﬁmaﬂaqaﬂwaﬁﬁaﬁwﬁﬁgmmaﬁ
(p<.001) n&IN15MAGRY 24 §Ua9i Fedenndeosiiu
sATeluUszmalnefinudt nsldayulnsuaznis
wngunulngsiudunisguaguanaulesylsan
mudedlsniEess (Boocha & Ploylearmsang, 2023;
Bunpean et al., 2022) Laza@nnAd 94 UIIUITYR 19
Usenediiin msatuayuanasouaiuasTuTuTIe
\iungAnssuguaInnazanazunsndevluguig
L‘%Ja%?i (Hassan et al., 2025; Global Alliance for Chronic
Diseases [GACD], 2025; Roning et al.,, 2021) 534
4 oaw. wazasouavesUaelsnidefaasldiuns
Tmnufannlasenseusvemenusing 4 fiflan
Fudloiulsanen1u1ang 9 (Department of Health,
2020; Division of Complementary and Alternative
Medicine, Department of Thai Traditional and
Alternative Medicine, 2023) Fsfldudqglunis
atluayUNIIUAFUNNYRIE UL
sUkUURR Al U N USER s sEney
wan 6 a1 boun nstiruskazasienunseniin
MSATUAYUMTIANTFUNN mawaulasEd g
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wazlsanuiulafingdlaeg1eiiused@niam lnona
N15NARBINUNGNAIBEIN 50 AUAETaWINAUTUAY
WqﬁﬂismqmmwLﬁuéﬁuaéwﬁﬁf&ﬁw oy WAEHARNTN
Aatinanaseg1atnlauy
dlefionsuiaiiuaonadosduauidoly
Uszmalyny wui1 Boocha and Ploylearmsang (2023)
FguINsiawsUkuugLadUIglsaluInIulag
\A3BYILYUYUAIY Chronic Care Model inliAug
LagNgAnTINATNINYRIUIBLATATOUAT ALY
s aiiedfny Fdenndostussdusznaudunis
Tanuuagnisatuayun1sdnnisquain vaugi
Petmaneechot and Surangsee (2026) Wua1 N5
sunuunsgualsanudulaiingsiitlaeunmdsu
Aueaadasluguyuvuunvedng yiligUaeln
aunsaauaulsarudulafiald agvioudisunuin
voslassadsiugiunarnisildiusumesgusuiiva

a a

Tnnsimnislsasesaiusyansan

lusgdvaina ¢uideves Hassan et al.
(2025) numuBsaunimieafunisianislsaizess
Tudszinaneldfuazuiunats w1 msaduayy
MnyuTULAgNIsTduTmvesfiviesdudutiade
adiivhlinnsdanislsaSesissauanudisa
A9AAR0INUBIAYTENBUAIUNITHAIUTINLALNIT
atuayuNIIIANITAVAIN VEUBLREITUTIEUVDS
Global Alliance for Chronic Diseases (2025) fifinw
TunaneUseing wu welEnla fAunw uaziula Budu
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(Aung et al., 2023)
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4. NMFIATIERRIAUTENBULTNEUEY (CFA)
dmsuimadedonsliunzan mszsuudiogns
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Abstract

This research presents a room-level electrical energy loss detection system for buildings, focusing
specifically on identifying and alerting anomalies caused by standby loads, which are a significant yet
often overlooked source of energy waste. The developed system integrates LoRaWAN technology with
the ThingsBoard web application to enable wireless long-range data transmission within a building.
The study was conducted in a main lecture room, which served as the representative case study. The
results demonstrate that the system achieves high accuracy, with voltage and current measurement
errors not exceeding +3%. It also exhibits stable communication performance in building environments with
high signal interference, achieving an average Received Signal Strength Indicator: RSSI of =61.01 dBm
and an average Signal-to-Noise Ratio: SNR of 14.70 dB. A key feature of the system is its ability to
accurately detect energy losses primarily associated with the standby mode of electrical appliances.
During a four-week implementation period, the system reduced energy loss by 7,977.73 Wh, representing

a 98.63% reduction compared with the pre-installation level.

Keywords: LoRaWAN technology, energy monitoring, web application
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Note. Adapted from “A survey and bibliometric
analysis of different communication technologies
available for smart meters,” by A. Hassan, H. Afrouzi,
C. Siang, J. Ahmed, K. Mehranzamir, & C. L. Wooi,
2022, Cleaner Engineering and Technology, 7,
100424. Copyright 2022 by Elsevier.
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LoRaWAN (Long-Range Wide-Area Network)
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nageu InusasTunsiuliiinla 1 Yesdunn uasnsvua
il #gaan 4 Gosdunm Senuiteildidenldisns
asianszualniuuulddudaiiornulasnde iy
fnsiadunseualiivliandowUainseia (CT) aun
AN 10 wouuls wazdansiaduussulniinssua
aduuuu 1 wla 250 Vac fiansnsamasldvialuan

NoImann Larilsiangautend aalanslunin 3

Anszualnfivassasiniiateluiewagau

1381 AN AN

"{:g:‘! ﬁqi"'}rﬁq 293 2993 2993 | s

Inluasadng Usuenia 1 Usuennd 2 Wsulnda

7.00 u. 231.65 843.21 3.02 0.00 0.62 0.00
8.00 u. 231.47 1,548.53 3.36 1.34 1.99 0.00
9.00 u. 230.95 1,669.77 3.37 1.32 1.98 0.56
10.00 . 230.89 2,013.36 3.37 2.13 1.92 1.30
11.00 . 230.89 1,826.34 2.24 2.11 1.93 1.63
12.00 u. 231.05 1,538.79 2.24 2.24 1.92 0.26
13.00 u. 231.84 1,483.78 0.00 2.22 1.91 2.27
14.00 u. 231.55 1,465.71 0.00 2.21 1.91 2.21
15.00 u. 231.70 604.74 0.00 0.80 0.00 1.81
16.00 u. 231.39 48.59 0.00 0.00 0.00 0.21
17.00 u. 231.60 48.64 0.00 0.00 0.00 0.21
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(n)

()

A 2 gansiadnAmneliinasswuluanide (n) 1aseasnemens (1) gunsaliunuy

Iu@aﬁ'ami (LoRa communication module)
Igdenld RAK3172 Besesiumsioasiusinnea LoRa
Annnuf 923 winzidsnd (AS923) IneiAnridadd 25
Tadind (14 wBwalading) donndesnudaiinug
Y99 NANY. 19.1033-2560 Aifessosiuidadagaanlsl
\Aiu 50 fladdast wazdsuuuunisdeanslulymn Class
C ilglsiannsniu-dedoyaldodiedaiiios Tugatiay
dstoyamaluiiriiliUszananaudrludanmndnn o
2wt iiteannislindsnuuarinuanuseioses
sruvnarliiaenndesiuieazvosnainsounsosnay
naauiidedliiiy 1%

Tugauseanana (MCU module) 111uideiiay
Gdonltlilasnoulnsaiaes ESP32 viwmihiiuszanana
Foyarusasulifiuaznszualuidildansngady
ntuhmsuvanalmiudndignios deuardsioya
uunand Wieideuseriuasiunuinddndmnede
10 TneeAdeilfidonldinmndiBanidivdiu Dragino
DLOS8N #15843Us1A5511N"5A0a75 LoRaWAN Class
C yliulahfinnuafiosuazanudiiulduesszuy
doanslagsay laganunsaagueinudnvzlazde

v
=1

fvuasing o vesyansaniamsliinildluanuided
eiean379 3
venaniiuteunsiessssuulufuiienosass
IpimneaeuANLiNg1vDIRnTIRInA gl Tne
aouWieu (calibration) mMussiuuaznszualwihiuieies
fadfiwostshunsaeuiisunniesu fiRnsilesu
n133U704 ISO/IEC 17025 Manageuvinlaeideuseyn
nsaiadnAulvanddaseinnvaenld Sedidnuay

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569 |

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

Julwan@emnudiuniu danam 4@) ieliaiy
Fuiussyriaussiulaiuaznszualnfndudady
Mnuhmsieuiisurusssulniuesnssudlih
Falg Tnevhmsiagilunaneseaulnan udanAfildan
mwnlesifuinnurainndounuaunis (1) uwaz
Usuamndmesnisulasdayeiad (scaling factor)
aelulalaspeulnsaiaesliainnunainndoulyl
AU +5% lnsuansnanisaautisulunisne 4 ualds
thegansraaluRndadniuaesinihaieiam )

dwsumsmnammadliih lillasaeulnsaes
Tuyansarinagyimseumdyaausaiulni (Vac)
wagnszualdin (lac) 21nFRTI9U LavAIUIA
Adalnilngdredmdnnisiuiaaisiniidewes
fndsaesiade (True RMS) Bsiuimanuaguues
ATIRULINTIMUY RMS (Vg wazanszualin
WUU RMS (Ig,c) n19tdentdrn RMS agyaglnisg
AwriasbwidiaumiuglazazvioungAn sy
mslinaseuvesluanlwilasgrsmnzan uanain
T YANTIVINALYIINITAEANAITIAS LA IRNE NS
dsfoyann 2 ud ieduineonududndsau
1 (energy) 91NNANTIINAOUNUIN YANTITIAAN
nlwiasnsataausessulninaz nszualudale
TndiRssdudiafiwesuinsgiu wu Tunsdlves CT1
(vaenlil 21 a29) TArAataAdou 1.66% uay CT4
(1r30sdsanfy 3 1A309) Hlnanniadeu 2.05% Feag
Tugnefivensuls




M1919 3
AInalaNYalzUazTaNMUANN 9 Ya9yanTIvianalnil

319019 Arfitvun
wnasnelniild 220-250VAC +1%
fansiadunszualin 0-10 A +3%
fnsradunssuli 0-250 VAC +3%
lulpspoulnsalans ESP32-WROOM-32U
Tugadeans RAK3172
AATl 923 MHz
YntaA11u (Payload) 20 bytes
WUUAIAN 125 kHz
UNALMBSNITNTEANY 7-12
R3NS3 (CR) 4/5
Adededayaya 14 dBm
A189d9U09LE191NA 2.15 dBi
JreEInIN1sAleYaA N 9 2 Ui

(n) (V)

AN 3 fans93uildluanise (1) sansasunseualuiin STC-013 (1ac) (v) shnTaasuusesuliia ZMPT1018
(Vac)

Note. From “SCT-013 split core current transformer,” by Innovatorsguru, 2015 (https://innovatorsguru.
com/sct-013-000/). Copyright 2012-2026 by Innovatorsguru.

Note. From “ZMPT101B 2mA active single phase voltage transformer module AC output voltage
sensor for Arduino mega,” by Mikroelec, 2019 (https://www.mikroelec.com/product/116/zmpt101b-
2ma-active-single-phase-voltage-transformer-module-ac-output-voltage-sensor-for-arduino-meg).

Copyright 2019 by MikroElectronic.
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(n)

)

AN 4 NMINAFRUANNLLIUEIVBYARTIVTIAAMLIITN (n) TuRuiiags (v) TuresfdRng

3. MINAUYAEAIHARAZIT R UHIWAY
waUwaLAdu

ﬂ’lﬁ%’ﬂﬂﬁﬂi%&gﬂﬁ% ThingsBoard Cloud
(PAAS) 185%u 4.2.1.3 Tuwduweundindudniy
wanINaA1nIe il Az wd LhouwMan1saliaUN A
wuusealngd Iagsvuvihauuuanidngnssuwuy
Client-Server iiglannsafnaudayaldyniivn
han nsidensedeyarilasiuteya (payload) 91
4N 539 InAM I INTHIY LoRaWAN Network Server
(ChirpStack) sig) HTTP Integration uagiiniiadoya
sEwinafusi APl Key Lileaadasnde doyavzgn
Uszananariu Rule Engine Fasmuaiioulalsiviinas
wonyAUeya (data decoding) uagAUIUNITINBS
3l Tawn Arusedulnii nssualuily Adalaia
wasalnli wazaldarenagianaidan dan
ananuARaUNAsE Uz NS Lfous M
unruein elVgguanimszdniumsiiingvaey
i3 (on-site inspection) ALiiun1sunla (corrective
action) wagnsradoUHaNsUAlUEUMTUATUDSALle
gudu (verification) MMsl¥ndsnunduitganiig
Und Taedeyafiuszananaudiazgninfvaslugiu
Taya InfluxDB Tuguuuusunsunan (time-series
data) Inetufingaufu Timestamp wa Device ID kte
595UN1sAUAUdDUNAIATNITIATIZYUTEANS AN

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

WA SwdeaunsaviduaziingUnsallualalag
918 AILARININTINAITVIIUYDISEUUIUNN 5

dusumsuiaiaulamruaLnenILAIINS
I (P) voevipaussene 1a89199991NHANISEN5ID
Al luiveeuun fatl

nsal 1: AAdalnildanindu 0 Tne (P=0)
wurefie lufinnsdeldauaunsallniinieluies
US89

el 2: Armasluireglugae 0 fis 100 Tad
(0<P<100) vaedie In1siUaldaugunsallniiung
duantioy

nsal 3. amaelWfiauinnin 100 w6
(P>100) nu1eds dn1silaldarugunsalluiiiain
A9nTIuANg 9 Feszuuasiinisudafeuaniuy
“alarm” wwglunsdi 2 esandudasiivanads
nslindanulaeldifnusyleriannsdulngunseal
wionsMnasnululnungauauiy seuuagliuds
doulunsaifildfifanssunegluios (P=0 W) wiadl
nsldauund (P>100 W) ievdnideanisudaiion
Ausndu et N13UIBADUILUTINUUNTIIDUAAS
Ha (dashboard) 484 ThingsBoard wuuliealnd uag
m;maLﬁuﬁ’uﬁﬂwaﬁﬁagaLﬁaﬁmﬁmwﬁlumwé’q
19 sananslunin 6




A1379 4
AIMIUAAINAGOUYDNYANTIVIAM NN U UAUTaATm e TR TTIU

ANV Tvian Arfidald (Aade)
PMN TafAfimasuInTgI %AnunaAARay
VT uvasaelui 228 Tian 230 Tran 0.87%
CT1 naenliuasding (7 viasn) 1.12 wonuus 1.13 wonuus 0.88%
vaenliuasding (14 vaen) 2.24 upuuUs 2.27 uouuUs 1.47%
vaenliuasding (21 vaen) 3.36 wauwus 3.42 wonlus 1.66%
CT2 AoufInes 1 1ades TUswawmesd 1 1n30s  2.60 weuuls 2.63 UouuUs 1.02%
\n3eaveneidns 1 ya Insvim 2 1a3eq
Aoufimes 1 wdes [Uslmmes 1 1a3ee  1.40 wouwds 1.43 wouuus 1.87%
\n3eaueneids 1 g0
CT3 i3esdsauby (1 1deq) 0.66 LoULUS 0.67 wouuUs 1.49%
wSesdauiy (2 wdeq) 1.34 wonuus 1.38 wouuus 2.90%
wdesdamfu (3 wdeq) 2.08 uouuUs 2.13 uouuus 2.19%
CTa wdesdsamfy (1 wdeq) 0.64 uouLUs 0.66 LouLUS 2.54%
wSesdsamfy (2 wdeq) 1.36 wonuus 1.38 wonuus 1.45%
wdesdsamfu (3 wdeq) 2.07 uouwus 2.11 weuwus 2.05%

AN 5 ATNTIUNITNINIUYDITEUY
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()

Alarm message

AN 6 NUNABWEAINA (Dashboard) (M) ASAIUNR () NSUINITHIILADU

NN INUAAINEITDUANINAVBINBIUTIEY
desinsldaugunsalluirluviesuasueinazians
anuz “Power on” feunuAiTeniievsdiiinasua
Infinlnasglussuu fsnn 6(n) uansAnszialndii
yosgUnTainltaunuaTa aufsanidaladi wison
wazaldd1e TneAnrdalndingen 1,037.19 Yas aslsl
Whideulumsgaydendsny Jehifimsudadouusing
Tum1319 Alarm Tunieasaiudiunin 6(v) wanansal
fszuunsianunslindsnulaeaWslowivioo
Tulnueauauauie lagarmalnianaamvde 48.93

v 6

Tod eeglurradeulunisuduiiou (0<P<100 W)
sEUUIEinNnsuInioulagdnlula wieussynan

wazanUzvunANI1TalluA11 “Alarm message”

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

ieligauaonasiiludldnussuvaunsansiaaey

a

wazadunisUngunsaliiludnduliegsiuiag
4. NMIAAAITZUUATIATUNTGRYLHENE 91

fumeugaineidunisindassuunsadunis
gy dondamuiiefuteyaluiuiviesussens Twpaog
$1uru 1 ves Faduraensldaulnivesornns ludl
nMsUSulseviedonuenszuulniniionsdmasiedeya
nM3nsain ngldRadayansantamalwilinnelu
wodluliindy 4 veserans iilevinsnsnTndusesy
I wazAnseualiiirvesgunsallniinieluias

1AUENITORARIATNTINAITAARITEUUAININ 7




wena N ludiuresmsinsanand levins
wmaaugﬂﬁﬂ&”’uﬂmnéﬁwuau 2 anelueAnsas 8
fu foUssiuaussourlumsiu-dedeyavodlaseie
LoRaWAN Tnelilaigadieans LoRa ju RAK3172 w3
RRRRL é‘z’iqﬁﬂéﬁy’aasgfLm;mmmi’mmmq”lmlﬂwﬁﬁmm
of yhnthfilugunsalfudygnuannanddisagy
wazsmuniuisiinilsielutesliiusnaduun
4AU8391A5 (NANY #1) wazsuvaiideindly
Foslnihusnaty 5 Fadusumdisnanivesennis
(\aLag #2) mﬂﬂy'uv‘hmsmmaaumi%’u—da%’agamﬂ
ganTvinamslififeudtu 1 Sty 8 neldanin
WAdausIN1ElUeIANT AskaaslunIn 8 Lazaunse

a3UNanIIRaauAMN NI YYILARINITI 5

NToyalunIse 5 5IUFWNIN 9(n) Uarnw
9() leuanansiieuiiivuAedsuardiuidonuy
WINIFIU (Mean+SD) ¥84A1 RSSI waze1 SNR Tu
wiardurete1A1s nnsRnsanang 2 Fumls
WUl inangH2 Sedadslusunsisnansenaislian
RSSI gandnunand #1 lufounndu asvoulifuds
UszAnsamaasnsindananglusumdsiianase
nszaednanldviefiansduasasesunaea
vzt SNR veanang#2 Tasamzludy
3-6 A1 SNR azeglutie 10-14 dB uansdienmnn
Fuanadituasiidygiusuniud Tunanssiudau
nARE#1 fld SNR Aaaulumanstu lnslawizdud
1 fiAyinfu -7.65 dB uanafenudsslunisgade
foyags uenani definsandmdndeuuumnsgu
dunaldiudieyansiaindmsliihegsaninang
wnPu Aftialdasinnuiunnugetu uasazdane
ifleeglndiu wansdsmnuaiaueuazanuiaiiosly
nsfu-detaya el Anudumnufindo1auain
anmiandeun1slue1ns Wy 1AsIasneensnie

pdusunIuulmanladn (EM) angunsallaiiinlng

LAE

AN 7 AINSIUNITAAGITEUU

AN 8 NINAABUANA N YY104BIN15H0415 LoRa

aelus1ag
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M1579 5
AN NS YQ 10v0mTY I LoRaWAN Meluainis

v

YU WNALIEH L NALIEH2

RSSI RSSI (dBm) SNR SNR (dB) RSSI RSS! (dBm) SNR SNR (dB)
(dBm) (Mean+SD) (dB) (Mean+SD) (dBm) (Mean#SD) (dB) (Mean+SD)

—_

-131.87 -131.87+1.85 -71.65  -7.65+5.65 -100.60 -100.60+1.36  -4.79 -4.79+4.27
2 -120.87  -120.87+1.60 -5.13  -5.13+2.94 -88.20  -88.20+0.75 10.80  10.80+1.22
3 -111.87  -111.87+1.55 -3.21  -3.21+2.64 -76.27  -76.27+0.57 13.39  13.39+0.32
a4 -102.53  -102.53+1.46 0.42 0.42+2.97 -62.80  -62.80+0.40 14.79  14.79+0.29
5 -96.80 -96.80+0.41 9.58 9.58+0.94 -48.00  -48.00+0.00 13.64  13.64+0.26
6 -81.13 -81.13+0.35 11.92  11.92+0.30  -71.53  -71.53+0.50 13.24  13.24+0.61

—~

-70.67 -70.67+0.49 13.19  13.19+0.33  -84.87  -84.87+1.26 10.28  10.28+1.35

[e¢]

-69.93 -69.93+1.71 14.63 14.63£1.50 -106.80 -106.80+6.81  4.77 4.77+1.09

(n) ()
AN 9 ANAUNINFYIUTENIINALS RN (N) A1 RSSI (1) A1 SNR

Fafui udondndanandludunyinans Tugausnvesnisnaaeuldviinsindesyuy
YDIDIATS Lﬁ'mﬁuﬂfnuﬂjguﬂaumgqﬁ’mmqm UDNAN mi’)‘ﬂﬁ]‘Uﬂ'ﬁﬁﬂJLﬁEJ‘Wﬁ\‘N’]‘LJLWE)Fiﬂ‘lﬂ']ﬁm&m"ﬂ’]ﬂ‘?jwmx‘ﬁu
‘fjGTWLmudﬂﬂﬂmﬂmmim‘malmmwumsmuma lvdﬁwmsﬂuwuwIﬂwwmm“LLamwasuauamaﬂWWw
%oy ﬁmﬁuaqmemmmmamammu S Wuszeznan 1 aﬂmln FININ 10 WU Immmlvxlﬁ']

vasgUnsalusazviialiguuuunisldnuiaenaqeaiy
29AEUTETIIN 09.00-17.00 U. lnudnwuzves
AidslaihAAaannsTdauvesildenasian
o wsuruanthadevaneyszns wu anudlunslin
Ussdnsnmuasiieauetiosuingau gunsalldih nanEeu Aanssuiiavuenmsnaseu 5iu
fNNTEUIUNSINANUELEIAVALANSEU dINalramaa
Tihuaztsnanisinuluwiaziuldasi Tnewunis
IsnwawwuamwﬂwLLaqmwﬂumquammmmmﬂu
afins1 dlonsieseunuin wainnnsyiauEzen
FomduanZounaznisaluiiely

Nnyuduvesdyya Laznnsavyiouvesnauiiln
Aalueimsvanetu waglinisdeansiu-deadaya
fugansiataanslninfedendy 4 1Wulvegied

NAN1528aLN158AUIUNE
1. wamstuiinuazmslinTeidegyavasszuy
asadunsgaydendeaulni

NIANTIVINTUATINE DA W Te

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569 o= . o
atuinermansuazinalulad



A 10 amsauariaslniveissussenslussezig 1 dUai neun1susulss

AN 11 pnsauariaalniiveaiesussenslussezingn 1 dUav mendanisusulss

uenantu Wefiarsanaridsnihuesss
wh3ulnlih wuAiddlnihsedudiegdeliedlaed
Anady 48.73 Yad Jsazviouliiudniunainuszian
vosgunsallninguiiediu aenadesiunsudusion
2n320v Fananmsdeaintlivesudnmadlndig
Weusteruguniniedosenedeuariusnamesiily
lnelalalaldanugunsaldsnan dwaliinnigld
wdsululyueauausutg Jausdazdenmdludialy
gann wifounisgaydendnulagldlinelmin
Usglevilunsldanuase §Idedddiudetayadand
Witauae1n1snsu wisuauslvmaaediszuunsiadu
FULAUNGIY HANUI TEUUAUNTALILAOULALYIY
aduayumsindulavesguaninistunisaiiunsan
msgeydendsnulasasylesildegnaiussdnsam
dunaldanarmasinihvensasensuluiilunm 11
Falaiusingnisliwdanulusedumedesaiileaiy
syogau Liesandinmsdudunisuiluldiuvig

ogndlsfnny ielvanunsaussidiunanis
vaaosldogsdau Ssidumsiiuieyasdssieiles
Juszazan 4 é’ﬂmﬁﬁy’aﬁauuawé’amsﬂ%’wqﬂmu
ssuuiiiautunardndunsudludenuimgnisaiia
Unit laganunsaasuraanndeyatiuiinn1sinauves
32U (data log) larams1e 6 nadeyandanuluii
goydelulnueaunuduiswansliiiuii Armddli
ledeunsUsuUuasmdinIsUTu samaonszes
nammnassirlndlAsstuglutag 48-49 fnd Sadu
Ailinanlanwiafeaiu Tnenounisusuusamy
SreEIaINSgLdsnasuINInuaaLAuA U1 iA7
Wiy 164.42 dalus Aedusndseliiingayde
911 7,977.73 fnddalas vaurindan1suuuse seey
nadsnaanaande 1.72 dalus dawalvindsany
Iulihgaydoanas 7,892.77 Sadtalus wioAnidunis
anasnNninsesay 98.63
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M1319 6

Amasulnihgaudeainnislinasrululvunausuauievesgunsallwihnnaenszesiar 4 dUnv

Aauus nauuiuUse nasuIulge
fdslnihgaydeiade 48.58 49.52
(Ins)

2881381 164.42 1.72
(F3la19)

Wﬁﬁd?UiWﬁﬂQ@LaaLagﬂ 7,977.73 84.96

(Inegalug)

nsanaseg1atalRuYeITTYLIAINTELEY

v

na1uAINa13 dazvouliiiudanisnevauetves
Jauaeasifidensudaieuvesszuu Tnsnsuans
HatayaaiavinlianunsasusLagnseniindanis
gy dendsnuliegradanusarativayunisdndula
DunaliAenisnsiaaeuuasaiiiun1stngunsalluih
Al uegrawiuviagi Fetheannislindanuly

Tnunawsusutenlusndukazsaiiias

2. ﬁ&li‘mu%ﬂ’li%lU—Ei\‘l‘iJ’E]HaﬂlE]\‘liSUUﬁ‘i’Jﬁ]{]’U

NIgeLHENAY

lun1sinaussaugnisiu-dateyavesszuy
aTafunsasydendanu gidelavinistuiinteya
nMsfeansaznineseningansainamsliliiuas
wnag loguananasn RSSI kaga1 SNR luszezian

1 LhBU

NANSVIAABILERAIATIUI SYULTaUsTauYANg
Su-detfoyaifianuiefosuaseglunasivioonsuls Tng
A RSS! indevassyuuiimwiiu -61.01 wduadad s
wazduunliureudnend wanads anumadesiunis
Su-dedeyavessvuunasiinnusioiileswesnisioans
sewinsguUnsal dauandlunin 12(n) luvazdien SNR
fiAeduwindu 14.70 wdua Fenw 12() udd1ey
WUNITUAIIVBIAIUNNIEIAT LAY SNR Fepsdian

Wuvinuagegluseduimuigay agviouliiiiuia

| U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569 |

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

ey runandaudalaunnnINdyIaIunIU i}
deunannsindanandlusumidnaesenis
AINTIVANTTIENNNTADEANIUALIILILARAYIN
Payaassosimilunniiama vhlsianansoanuanszu
Mndediasulasiadeiasiidunaundmasuman
ANl ?jqawv‘fﬂﬁmiLLW'ﬁ'mzmstuam?iu%mqgﬂam

NOULDF Y QI UF DI UNULAZHTNADUNIATIUILLIN

UBNINE WU NedNETmNLEenAdRITUY
18984 Kanadee and Chaimool (2024) uagaglusysiu
fifni1 Ineanizar SNR fifanduuinegeaies
avvouliiiudnnudnnuresdyaramdniediou
AUdaasunIu e AuLAneABaUsIna
E]’lﬁ]LﬁG]’i]’]ﬂG‘l)’leﬂﬂﬂ’liaﬂg?ﬂLﬂmL’JEﬁ@gﬁﬂﬂﬁN@’mﬁ
Fageanszeznensdeaswazsuaudsinuang de

HAlNTUNINIEAN8vRIRAWINgIUTEANSANLINTY

nanl@naussausn1sdoasveeTEUUATIY
Funsgaydendanuiivautuiianuaiesua
Udedomeldaninuindsunielueans wern RSS|
a8z SNR azﬂuszéﬁ’uﬁmmzamiamﬁu—a'ﬁagamq
Tinlguuusieiies egdlsfnnu nanisnaaesitiy
nafldannisindassuuiiios 1 o wniinisvens
nsinmul e wdenuiisuiiuiy e19fiansan
nslfienemaifitdsensgstu iensusumums
Andegunsallimunzandstu ioanuanssnuainas

ARUILAZNITTUNIUVDIA Y Y8




(n)

AN 12 ArRuAINEYINSEEEnaT 4 dUAY (1) AIAIINLSIVDIF YY)

dyau1a4sunIU (SNR)

d3UNan133e

suAdsiidnauessuuasafunisgyde
waseulniwasormslussiuiiuiiges (seve) e
Usenoumay 2 @unan loun drunsiainaimielnii
ﬁﬂﬁzqﬂm‘%’mduia%'ﬁﬁﬁla'mwui%faw LoRa 523
fulasatng LoRaWAN Lilensiainuardemsieyalud
duuanIka K IuneUndirdu ThingsBoard Litouans
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Abstract

Unwanted pregnancy among adolescents results from sexual risk behaviors, particularly inadequate
sexual health literacy, which has been found to be prevalent among vocational adolescents. This
quasi-experimental study employing a one-group repeated-measures design aimed to develop and
evaluate a sexual health literacy promotion program for vocational adolescents. A convenience sample
of eleven second-year students from a vocational college in Pathum Thani Province was recruited
according to the study inclusion criteria.The program was developed by the researcher based on the
concept of sexual health literacy and a review of relevant literature. It consisted of four participatory
learning activities delivered through the LINE application on smartphones, focusing on accessing,
understanding, evaluating, and applying sexual health information. The program was implemented
twice a week, with two activities conducted each week.The feasibility of the program was evaluated
based on its implementation and the participants’ activity participation rate. In addition, sexual and
pregnancy risk prevention behaviors were assessed using a sexual and pregnancy risk prevention behavior
questionnaire with a reliability coefficient of 0.80. Outcomes were measured at three time points:
pre-intervention, post-intervention, and follow-up. Data were analyzed using a one-way repeated-
measures analysis of variance (ANOVA).The results indicated that the sexual health literacy promotion
program was feasible for implementation among vocational adolescents. The participants achieved
a participation rate of 91.7%. The mean score for sexual and pregnancy risk prevention behaviors
during the follow-up period was significantly higher than those during both the post-intervention and
pre-intervention periods (p < 0.05). Furthermore, the mean score during the post-intervention period
was significantly higher than that during the pre-intervention period (p < 0.05).

Keywords: Line application, sexual health literacy promotion program, sexual and pregnancy risk

prevention behaviors, vocational students
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annzuasUiunans wazdinsuseansninglunadunn (91.0%) wazuasios (87.2%) NNt YOLO+Canny
fildnaruszanananiiian (<0.2 Jundisienin) agulein nMswatu YOLO wag Canny fimnumuniu 15
wazusiuggslunismsadulumihaeldannzuasiuansiistu faldnenmgslunisuszendldluauaie

A1aAtY: N13r5399UTUNE YOLO Haar Cascade Canny Edge Detection @n1iglaausaiu

v
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Abstract

The primary challenge in face detection is performance instability under varying illumination conditions,

particularly in low-light environments. This research aims to enhance face detection accuracy under

high, medium, and low lighting conditions by integrating YOLO, Haar Cascade, and Canny Edge Detection.

Canny Edge Detection is employed as a pre-processing step to emphasize facial contours and mitigate

illumination effects prior to model input. Performance evaluation was conducted using standard metrics,

including Accuracy, Precision, and Recall, on a dataset of 1,500 images. Experimental results indicate

that the integration of YOLO with Canny Edge Detection (YOLO + Canny) significantly outperformed

the other methods, achieving the highest average Accuracy of (92.0%) under medium lighting conditions,

while maintaining high performance under high light (91.0%) and low light (87.2%). Furthermore, the

YOLO + Canny approach demonstrated the lowest processing time, at less than 0.2 seconds per

image. In conclusion, the integration of YOLO and Canny Edge Detection provides high robustness,

speed, and accuracy for face detection across varying illumination conditions, demonstrating strong

potential for real-world applications.

Keywords: face detection, YOLO, Haar Cascade,Canny Edge Detection, varying illumination conditions

Y

unin

nsas93ulunii (face detection) {lumnils
Tutdefifianudfyuarldsuanuaulaegesedos
TuaunsUsssnananmadviauaznsouivesaies
\lesnnsimsiludsegndldogiaunsvans lidnae
Wuluanusumnuvasade nsidise s nssudum
yAAa visamsiausruulfauiussevinyuduas
ARURILMDS Be9lsAnIN ANLL g LAz ALED S
yoanesriunsaduluntndinslasunansenuena
fieddrynTedesmdunnden Tnsnmzanuuansma
VYDIANIZUEAT YU WAINIA LAUIUNA Lazllastoy
Fsenainluganunanniadou (false detection) N1
A529TUNATR (miss) wieaudeiusvemadns

9MAYIULSN WU Haar Cascade Classifier i
Waulae Viola and Jones (2001) wanaliliiuda
Uszansnnlunisasadulumhiisnduasusdug
aeldanmadendinuauls udnduidedriniile
anmzuasUasuulamiedmududounnniu (Zhang
& Zhang, 2010) vauefinsianvesiuwmadiadn (deep
learning) s YOLO: You Only Look Once @3nsansiasu
ToglouuuSealniuasdanumunusisaninwindey
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NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

&

Alsluduouannni (Redmon et al., 2016; Bochkovskiy
et al.,, 2020)

wiaflan1sUuussaan A iuiild
N15USUAIAINTY (intensity-based) 1w Histogram
Equalization: HE uag Gamma Correction gnnan
Tesnduitodnnisiunmiiduaslyadiawe egasls
fonu FBnawardidesiniiddey Ao tnagiilug
N13VE8FYYIUTUNIY (noise amplification) ey
MsasrsdantanUasuiBanm (visual artifacts) Tu
M19an 39U Canny Edge Detection gnidenly
TusAdeiidesnnaunse andygrasuniugae
Gaussian Filter fiun1svveu uaglidayalassaing
ﬁu%zjﬂél,l,ammu?j’lq& (high precision edges) &3
wingaunilunisiluteyadeudiasudmsulumg
n3eudidedn uenanidsfinamersmuiulge
preprocessing \fieifinauadosvedluing W n1s
4 Canny Edge Detection daduwadinfinuniuse
noise WALANNIIUTDUWATBIINGLAANTT Sobel
9158 Prewitt (Canny, 1986; Maini & Aggarwal, 2009)
Tnen1suszananadnuuzreuiinudagieliniimsan
%’Lu%umauﬁ’mlﬂﬁﬂszﬁw%quﬁu Faaonndasiiu




WUWIAATIIN preprocessing UNARBDANNLLUT VD
5¥UUR5I93UTNY (Zareiforoush et al., 2016)

TuthaldAd i feAdelml 9 faue
nsanlinawarmadaaSuientdamanizuas
WaZN1TUIZUIANALUU real-time A0E1919U Yisihak
and Li (2024) lainauanisysannis YOLOVS i
fuluga Al lensaaduluminedeliussansamly
JeUUUTEYNARII Mittal (2024) lavinnisdrsialuea
M579TUEENUUL lightweight Tlmunzaufu edge
devices ielsaaiunmsvisuugunsaifiidediie
AIUNINEINT WAz Sun et al. (2022) lanunuwmaia
edge detection awuustALLasild deep learning
Feannsadienleatu pipeline mamsadulunhldlnenss

dmsunisdanisdutguianinzuasiay i

"
1Y

NuiteRTlRunsiauluealmifieonuuuuiie
uitlgynillpetanns i Dark-YOLO Ssysannisnaln
attention e gUuuLieuyTwazBesluamiin
(Liu et al., 2025) $700997UT84 Hong et al. (2024)
flausnisairsnadnuae (feature) flaiuusiuny
AT (lumination-invariant) iieifiuAnuusiuen
Tunsasaduingluaninuasin fomnidassiouds
wunlfuaddeilianuddyiuniseanuuuluing
fianunsanusen1 s UasULUawean1ITwas

usnanlumaiinanieirefund lunguau
"‘J'«‘j’aﬁl,ﬁfummLLm'u&quaLLazmmwumum'ammq
(pose) wazvurnfivainuateveslumin Adnsld
aondlnonssufidudouiu Wy MTCNN: Multi-Task
Cascaded Convolutional Networks #adu3gnisuuy
Ma'm‘ﬁgumaumﬁi’f Convolutional Neural Networks:
CNNs anududedetuiienisunisluniegi
ax18um (Zhang et al,, 2016) Faduandliifiudenang
wilughfisendedlunsasndulunihiifianusiime
av wiedfeiasgatunsioudousenings
ASBIRUAY (Haar Cascade) uarlumaladnuuuy
single-shot (YOLO) fifinsasy preprocessing W
ns3usisanuimiihves MTONN Aidudsddnlu
nsaesundsdseluusuniing ety

aguledn Jymmdnvesnisasiadulumings
asegimnuliiiaiosvosdaneifiuilomdayfvanioy
waafiudsuudas Tnsamzluanzuasiosd Haar

Cascade wansdosniindaau Tuvaizdl YOLO uazluna
deep learning fifinnsuasu preprocessing #3onakn
attention/invariant feature a@unsasuilalannin
FetunuAdedfajaduluinmsfnuuasuisuiioy
Usgdnsnmueanisasiaduluntinelaaniigias
110 waununans wazkases lagldniswaiu YOLO
32UAU Canny Edge Detection ey Haar Cascade
Classifier teUsziiunumesiimngauiigadiniy
n13Uszynalianuss

wigNan1anguflun1snaiu Canny Edge
Detection W1y YOLO iiesa1n Canny \Juwnaila
flanunsnfsteyalaseains (structural information)
AflAu Asusionas (ilumination invariance) 16
ae19lUsEANSNMuaETINGY wiTantnenssu CNN
983 YOLO ganunsnannnaanuaziaulasiuniies
uin1stoudeyanmiignituanzveuavesluvih
whlugaluaa CNN aztganauwlsusiuvestioya
(variance) MAnaInLasaIfisuLss uazsaelilung
anansa Wdalufizusna (contours) vadluntilaenss
Faduns iiununmvosnudnuazdoudi uazens
ihlugmsnynunaiiusiugBstuuasivszavsamly
n3UsTIIANAGITY LLU’Jﬂﬂuﬁaﬂﬂaa\‘mU\‘]’]W}fﬂ8‘1/]‘111‘1/!
Wi preprocessing fwsnzasanansaLisAMLugT
yosrUUnTIRduTngld dedunsnaumedaidaiu
wavnsiiadlalunisuiuussnnueiiosues YOLO
noanzkawUItuluIU IR

LY 3 a v
209U3aIANITIY

1Y

NuIel

o

Toguszasrnan Assiolull

1. ieWaukazUiuUTe nseUIUNIINTIITY
Tumilagnswanumatia Canny Edge Detection 91
AUIEN1IMI99UA8 YOLO: You Only Look Once

ey Haar Cascade Classifier

2. ile@nwuazSeuifisuuszansnin 1o
nsnraduluntadieisnisiiugunasisnisaan
(YOLO Haar Cascade tagn1suaunu Canny Edge
Detection) neldaniizuasiiuansneiy (wasun
wauIunany uazlastios)
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3 \ileusuiliunauagsey nsiisyansnm
gegalumsdanisiivauudsiuvesannizuas lngly
wesNU1M3g1u Laln Accuracy Precision Recall wae
F1-Score

4. viatudurnudulula ¥99n151135n159

Aaa

TinaansnananluUssgndldluanimwindouaseid

9

AMUNINIE AT ULEILAL ALY SHUVDIAN N INA DL

350 UUN15I8
wialildungananisnanesiianugnieduias
aunsnaznaunaUsEANS MneIn1se Ul untnly

ANMEHENLANANTY 1ATeElARNWUUNTZUIUNNT
gfiunsag1ndussuu fail

A01URENITULASHUIAANITIVY

mATeildsunisesnuuulnedigasjsnune
WloUsuussuaziUSsuiouysEansnmuenisnsa
Julunthaeldanneuasiivandnei toun wasnn
(bright light) wataurunane (normal light) wazilas
o (low light) Fauduiladedidmalaonssaniny
WU UG1VBI9ANDINUNTITUTENIANANIN (Zhou et
al,, 2017) Wloussquiinssnedanann Jslafinisuau
wadansasiadulunthiivainvane ldud YOLO:
You Only Look Once #a.iuiBnsnsiaduinguuy
Boalvgdfifiauusiugrgs (Redmon et al, 2016)
Haar Cascade Classifier ﬁawﬁamiﬁwi@qzﬁﬁu
Furesiliaed Haar-like (Viola & Jones, 2001) wa
Canny Edge Detection fifiminuanunsalaneiuly
nsfanadnuazveunmiiiewfulasiadisvesing
(Canny, 1986)

watlan1suTuussgua A mdmsuang
waaw19 9 (image enhancement techniques for
various illumination) Ugyinisasaduluminnels
anzuasiliminzauliilugnisfmuimaie
nsuiul s NAImTaesULUY CARRHRERIIK
soniunduvdn q 1ésed BBn1susuderanuda
(intensity-based) f9E1935n15 Histogram Equalization:
HE way CLAHE ann15vi1eu Ysuugensnsganesn
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YosAaudivasiinga Weriuauddeusisly
A TedwazdesintisiiuauUSeusalea ue
LﬁsqﬁaﬂwsLﬁmﬁmﬁyﬂmiUﬂau (noise) M3onTsiiiy
arwaanniululuiuiinlddosns 530158198
Nouin1sasiauLas (retinex-based) f1081938n13
MSR wag SSR #ann1591191U LenedAusEnouTes
A15d09a319 (illumination) ®oAANBIAUTENBUNNS
avviounas (reflectance) Todlazdainnnlinaans
finausiensidsuudasuouadldd wiildunounis
Aunuidudounadliinailunisussunanagaind uas
A8n191ulATIE519 (structure-based) F881938019
Canny Edge Detection n#ann1svinsunlasninli
\uteyaveunn Fuduganiivreutianmusie
nsWdsuudasuainas Tofuazdosinlasadned
Iasianudaauuazisiugige (hish precision edges)
Faelilunansredulnifaluiigusrsvesinglaense

LHI = ‘:ll a o
LA509aN Y luN15738
ANNHINADULALLASDIL B NIBIUNITNARDITU

A UATUNITHAE IAESUULEN RSO TUTZINANS
Python 3.12 Tngltusuisnuazlausisudn sadl

nsUsEInaNan NLaEn1s Haar Cascade
14laus13 OpenCV (cv2) 1osTu 4.9.0.80 N159ANT
luwanaznisilnau YOLO T suiasn PyTorch iasdu
2.2.2 uazynLAIese YOLOVSX

ANNLINGeNEN SRS (hardware environment)
nmsindulunataznIsageuUszansanaiiunig
vupeuimesauyana WnglinulsUseuiananais
(CPU) wuu AMD Ryzen 7 4800H with Radeon Graphics
upzn1snUszInanansIn (GPU) uu NVIDIA GeForce
(muguiitndilueies) Tnglsifinisliuinis Cloud-
based Training lunszuaunisilnduluimastun

A 1 uansunufeunsunisitaulnesay
Y5 uuildlumsite FaSuduainmsTunmdsuatiu
WATHIUNTEUIUNTTUTUUTININAIY Canny Edge
Detection rouaziilufoudiglunansiaduiaes

) a = = v &
LNBNINTSUTELAULALLUSYULNEUNAANS




AN 1 LHURILEAITUADUNITIIIUVDITEUUNTID
Juluminngldaniiguasang 9

¥
1Y)

Tneaatnenssuvesnuidetislsenaunie
ASLUIUNTVAN 4 JURDY 79l

1. ﬂ'ﬁi’)‘Ui’)ﬁJLLﬁSLﬂ%EJ&I‘f’JIE]gaﬂﬂW

msUszdiusanmisvendldmifiumsuuyndeya
Alunti g1 1,500 0 angldan1ieue 3 seeu
Toun wasun (high light) 500 AW wasUIUNAI
(medium light) 500 nw wazuasay (low light)
500 nw Feyanndlilunimeassgndnidenuay
USuaugadiuunmluuiaznguedssounsy il

lﬁ’mamqmLLazL“fJuéﬁ’aLmumaqamwumﬁummq
fu Fadunswanidestameinuewdes (bias) ved
LUURI883 AuuInIsfikuzilag Krizhevsky et al.
(2017)

nainIsuUsansasldanadoninuaing
Yesiinia (average pixel intensity level) 1dutneust
NANTUNITILUN TAEBINNNENNITVINITAATIZRANT
wanuasaLaaiieUssiuseiunadunin (Pizer
et al, 1987; Jobson et al,, 1997) nwngnudaudu

'
a

amszdudniedunaaduvesiinmaiade
oglure 0-255 FedlonmnFauTunuanmsuiuguiv
yndioya (tuning) lédsiluawios (low light) feiade
ANNaINegluYae 50-100 waaUunane (medium
light) Fnadeauainseglutag 100-180 uawn
(high light) fAadsAinuadng uannda 180

Wiolanunsavede U UYeanes Ty
Iaegradiuse@nsnin lnglunsazannzuaslasaniuu
dadruvosnnlvidianuaunasening nwdiTlumi
(positive samples) wazandildilunii (negative
samples) Lite WiansnsaduneUsyavEnmansgiu
1A Accuracy Precision Recall way F1-Score 1o
ogavinzan Inefvuslvdndiueyil 60:40 Quwih:
laifilumiln) ugenAaBItULLINIIVRINUITLAIUNNS
asrasuluntiideuld dataset Aidlundannnindn
Touifioaiouanimnislduass (Redmon et al,,
2016; Li & Deng, 2020; Yisihak & Li, 2024)

TugslSunuunazngueasialsenausig
300 awdislunt waz 200 awndildiluni sau
#aau 900 awdtiilumiin (60%) uae 600 awilaidl
Tumi (80%) dmsuiie dataset w1 1,500 A
1133 negative samples Tudndruiiiiesweiiniy
drAgean1sUszliuAIAURanaIn (false positive)
wav True Negative Jsaziiounuatesvestunaly
anMzndeuiifidasuniunie backeround il
Tuwniln (Viola & Jones, 2001; Zhang & Zhang, 2010;
Mittal, 2024) wii3191m7u59U 1,500 1% 813887108
Tuszdunanadlewfisurivyadeya benchmark vuna
Tng) (iU wider face) wigndoyatignesnuutuas

U Y
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daLdenegaseinsyiudleliiAnnsnszanefiauga
wazidufunuresanruasiuandeiuia 3 sedu
(500 nMwrasEiuuaY) Tnsnnzdududsddnlunns
NAADUAIUNUNIUYDISANDINUADAMULUIN UV
wadlaglane Jsaenndeafuingusvasdndnesay
Aol szovnmuazaua amgnangluszes Ind-nans
(close-to-mid range) wazgnusuruiannsgudu
640x640 Nnwa dusunisteuiiluina YOLO way
Haar Cascade tNeu9in1shudan1Ieiad N1suuIngs
anmzuaddinosianadsauainwesfinwailundn
Immwﬁﬁﬂ"naﬁEJmma'quaé’]’mag"Lumju High Light
waznmiidanadesdaeglungy Low Light

2. M3UFuUTeAAINATNAIEY Canny Edge

Detection

amsatugnudantiunmseaudn (grayscale)
fou niuiadngnsruaumansadureuds Canny
Edge Detection Litertiulasesnsiidrfayvelumnid
lnenadnsainnisnsisduvauasgniunldiluds
PAYLETUHIUNITHENAUAIN grayscale Lanludndiu
Anzan iediy contrast Usnuiflasesedaay
Tnglaiunuiifoya erayscale Aufu Bnsivasanwa
nsgmunuasiliainiase vhlre e singdaau
Yu uardswalidunounansaadulumiludidude
TWanunsaveldusiugrunndadu (Canny, 1986)

Tun1susuUgelseansnImeeddisn1snsiadu
Tuni Tnsanigluanizuasivinnie suidedls
nauvata Canny Edge Detection 1Autunou

[

N15UTENNaNAa219MIN (preprocessing) A4l

- MTWUAINNLAZATIITUIBY NnAUaTU
svgnudandu awszauding (grayscale) now 910
1‘3;143&Lﬁi’hqjmwaumsmaa%’umauéf’m Canny Edge
Detection (Canny, 1986) wiawtiulases1afid faues
Tunin

- Msiasudeya (data augmentation) NAGNWS
nMIasIvTureuIzgnianliilu deeady i
MsKaUNEUTUNTW Grayscale Wdludndnuiivngay
\ieuin Contrast USnafialasesnednau Tngldunudi
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Uoyanuiuveinivaliy (grayscale data)

- FBstiitegusrasdifioannansgnuain
wasiilalasinane v‘iﬂﬁﬁuaummmi’mq%’mwsﬁu GRER
walsisumaunsnsraiulunilugdudaly (s Haar
Cascade Wy YOLO) annsavinauldusiugiandstu

n3rUIUNInI9TUluninge Haar Cascade
Fimaiuduneunsusuusamnmamiagld Canny
Edge Detection Lfieannansznuainaniiewasiill
alnaveuazifiuanuandavedlasssidlundn am
suatugniandu grayscale mnduriunisnsadu
YoUde Canny ioiudurouresing sadwsdnan
gnldadne mask wagtdunsauiuan grayscale LA
Wieufia contrast luudnafifinnuddy nszuiunis
fiteT3 Haar Cascade ansnsassyvauavestund
usiugnanntu wilunsdifianmuasdaruuysiugs
PNIN 2

NN 2 UsEnausig (a) A grayscale
(b) HadWENI5ATIVTUBBURE Canny (c) A il
NNTLETUVIULA (mask) Iaelduadwsain Canny
wae (d) nan15nsraduluminfiléann Haar Cascade
%1 bounding box gnuansFIe@mdes

sﬁy'umaumiﬂ%’uﬂgmmmwmwﬂ'awﬁ"]gj
nszvunsesadulunt ladiausnaanslulnay
Fupou IneFuannsudasnmduatudy erayscale
MntIRsIITUTeURE Canny Edge Detection
wasHaEWSTIA UM grayscale Wfiewiiu contrast
Uinalassiiiddty aavhenmishunsuiusazgnas
ihgnszuannInTIadusie YOLO Feanunsansiady
Tunihldudluanneuasfidanuldaiae fanmn 3

PNAM 3 UAAINTZUIUNIIATIAIUTUNEN
p1835 YOLO 57ufiu Canny Edge Detection lay
Usenauaag (a) N grayscale, (b) KAANSN1TATIA
Furaudae Canny, (©) Aiilda1nn1559u grayscale
U edge mask WiaLial contrast waz (d) HadwsnIs
n1adulumingls YOLO wansluguves bounding
box #7812




(0) (d)
AN 2 FuRBUNITUTELIaNaN NAIY Canny Edge Detection wazn15m3293uUluntinfae Haar Cascade
(a) N grayscale (b) NadWSN15ATIITUVBUATY Canny (c) AnAlaanAsiasuveuln (mask) lnaldnadns

970 Canny wag (d) wan1snsiaduluntilaain Haar Cascade

(c) (d)
A 3 TuMpUNITUTENIANANINA2Y Canny Edge Detection waznisnsiaduluniisig YOLO

(a) AW grayscale (b) NAAWEN1INTIVIUVBUAIY Canny (c) ANALAAINNTTIIN grayscale AU edge mask
Wolily contrast kaz (d) waawsn1saaaduluniifay YOLO

3. 33n3n293uluntimdn (detection  nzUIUNNT AdaBoost FsflgaiaufiuAIINTIAGY
methods) wazdluszansamlunisasraduluniniidvunuay
ATl SsuifieuUssansamesnns YNNeINIAsEIL (Viola & Jones, 2001) uag YOLO:
ps9vulunnaInaesaidsn1suan Ao Haar Cascade  You Only Look Once %gﬁwﬁmﬂ%ﬂﬁmﬁgﬂui
Classifier: Haar ﬁﬁwmiﬁ‘aui‘ﬂL%@%L%ﬂaaaﬁhu W9dn (deep learning) Waseudumis (bounding
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box) vasluninlaegiesinsinazuiug 89ty lney
LAASAINUNUNIUR DFNITWEIN LML AaUNT RN
PiAuguta (Redmon et al,, 2016) lnadisns

v a

NU

nsUszurananmilasdu (preprocessing with
canny edge detection)

msUszananantwidasiudae Canny Edge
Detection

n3eUIUNITUTUUTINIMAIY Canny Edge
Detection aﬂu'la,rflﬁmwaLuuimaaswwaﬂwmLLavam
maﬂivmmmmﬂuammua Tneiitunounsuszana
waTidnu el wlasninannnmaduatuasgnuuag
WHunmseauding (Grayscale Image, grayscale) Wie
anANutudouvastayaLassunSaNd mTuNITM
voun Msmwey diam i I, b TUTaTunns
#5293UTBUAIY Canny Edge Detectlon FeUsznou
#ren15 Gaussian Filter Wiloandayayiaisuniu ns
AU Gradient Magnitude 1ag Orientation N3

Tudauves Non-Maximum Suppression wagnsly

Thresholds wuU Hysteresis el ldwaunin (Edge
Mask, Lgge mask) Aunauaziinuusugigs wagms
WENUAIN WARNEINNNSATINTUVOU (Uygige mast) wgn
U NaEUndUA U NI AUAMNLAL (] ) LiVe

) mmasummamaiﬂsqaﬁa

edge mask
afranmdoud (7,
voslunti ammiwmum‘wLLU‘UﬂNm‘Vim (weighted
sum) A

=al + pI (1)

input grayscale edge mask

¥
a o

Tuauddeil fmuae a=0.7 uag f=0.3 1ie
TnmgnedinsdnunuauiRnutuYeIn Gy
Pluvagfiwiuveuwnddey amndiiluldlunstineu
(train) wagn1IVA@OU (test) luAanTI93u (ﬁgq Haar
Cascade Wag YOLO) ﬁuﬁumwazﬁuﬁmﬁmm‘%m
mwa:uasuaumw (enhanced grayscale image) 910
FupunITHALATN

AeunsaTadulunih anwynanlugadeya
Qﬂﬁmﬁﬂimﬂismumim%ﬁmau (edge detection)
#8 Canny Edge Detection dadumadafildsuninu
fongaiesaindanuannsalunsssyveuivnves
Toglaegraududuaznudedyyiusuniu (Canny,
1986) MsUszanaraiitaeiulasesaveslunt wu
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YBUAT YN UAYATOUNTI mummmmmammam
LLavmimamU‘quumaumlﬂ HJeumentlamansves
Canny Edge Detection annsoesungldRaunisi (2)

1if G(x,y)>T
high

E(x,y)=40if G(x.y)<T 2)

dgelinked if T <T
edgelinked if low high

a9l G(x,y) Ao ATAINULIIVOUNTLALUA (gradient
magnitude)
=l 1 o % v a 1
Thigh’ T,,,, Ao Aveulwadmiunsinduln
a G 1
ynfinwaiuveunialy

lun1snnaesil lafmuaen Thresholds 7
WigauInN1sUTuU (tuning) dmsuateyatl lag
° 19 = | g v
fiualii T, =50 uae T,,=150 Falurniilivou
AnAdaNuwiugLazIsandyyIusunIuliogs
auna

AN T}, 488 Thig Ljna'mu?a'maflmgiuﬂ'ﬁ
AIVANAMAINVBIYDUANTgNELT 1 lAanTIaTU
108 Ty, ISULWQi“UGUBUW‘UﬂL%u way T, iitedon

maﬁuawmluammmﬂﬂamm

Canny Edge Detection Qmaaﬂi“ﬂumﬁﬁa'ﬁ
el unszuaunisusuuganimdesiu
(preprocessing) NoUAIAINYIEIULAAATIVIY
(Haar Cascade uaz YOLO) wnufinzidenldinaila
nsUSulgeauadnalaense Wy HE 38 retinex)
dlosniideldiuieuitddyselul aunmuse
e (illumination invariance) %’agasuaumw (edge
features) Lﬂu@mauﬁ’aﬁwumummiLU?{sJuLLUm
Y99aN1zUAIlAANIIAIAMIT LTRINITalae T
(intensity values) N34 Canny 8anAuLUsUTIU
AAaNLANLITIFULS T oUasdn (saturation) il
aunsnszyveuimaslunthlfesnatiosdetu A
wiuguazandygrausuniu (high precision and
noise reduction) Canny Edge Detection fin1sld
§NseILUU Gaussian Filter luduneuusn Fadrean
Fy1adsuniu (noise) Aeunsmueuuasiidunou
Non-Maximum Suppression Flldvaunmiiung
ey LLﬁ,JuEJ”lm (single-pixel edge) ) danaliflasaasig
woslumifiauaudauasusnueyldinedudoml




NEUNUNIN Grayscale LAY LagUseansninnisvineu
(computational efficiency) Wlawfleufiuiznissndds
Retinex figasiinismuadidudou Canny 1Ju3sd
fifumoumsiuindinsdunsanuarsings wanz
mm‘umimiﬂﬂi“Sﬂmlﬂﬂuivwma%mwmiaa

&

Ingd @ "U\‘iﬁaﬂﬂﬁ@ﬂﬂ‘UsU’e]ﬂ?‘ﬂ‘h!ﬂﬂ']ﬂﬂ’ﬂllLi’J‘U@N’WU’Jﬁ]EJu

T sUFuUTanwene Canny Edge Detection
fiaumunzanwaglinadnifinnindeseudiou
fumadadu q Tuusunvesmsasaadulundingls
annzuasiiliaed feil wiendninisusuugee
ALY (intensity-based methods) 14U Histogram
Equalization: HE wag CLAHE: Contrast-Limited
Adaptive Histogram Equalization HE/CLAHE 3,Jq'<i
WunsBatasaianudy dafnazilugnisvens
Fuey1usUnIu (noise amplification) Tuusadiiia
wionoliiAn AaUanUasudenn (visual artifacts)
ﬁlﬁfluqﬂaiiﬂm'amﬂ%ui’ﬁuaﬂimma Canny Edge
Detection & Gaussian Filter \iioandgyayraisuniu
rounsey vililassadsvedlunthinuuians
(pure structure) wazisiugnaa (high precision) o
\udeyatoudnifinuningsniuazivilendtisnig
9198 ¥ N13azvB ULl (Retinex-based Methods)
Retinex-based Methods Tnadnsialuidennnim
voan1muadadududeulunisAruings (high
computational cost) wagldfnanlunisuszunanadi
w1 (higher latency) 3slilaanpdasiutoinunves
MuAdefideIn1sUszansnmlunsyhauwuuSealn
(real-time detection) Canny Edge Detection il
Usgdvdnmnisussunanags (high computational
efficiency) luvazifefuildauaudaviddayian
dmsunmsuilydgmuas fe Toyalassainsiinmuse
el (illumination-invariant structural information)
n13ld Canny Edge Detection Jumsidenldnagns
ﬂummama‘wwam (optimal balance) $&1114
AU UL (accuracy) AINUNUNIUADENIIZLEN
(robustness) wagAadalunisuszaiana (speed)
desufumaiianisuiuusanmdu 9 sililuea
nsrvdulunidranisainauldegreliussansam
meldidoulvuasiivainnaty

Canny Edge Detection Tuat3deiliignjasneg

WiaUSuUsemauanuaztalasaasa (structural features)
vadlunt neunazid1gdlunansiadu (YOLO uag

Haar Cascade) @am1ad1agdleLinauutiugIves
n1395333uUlRanluan I LaInilAULANA g

N150529ULUEN (face detection methods)

emaulandmsusziiulseansamluanie
wasiiuansnafy sddeiidenldaesdsnisnsiadu
Tunthuan lawn Haar Cascade Classifier uaw YOLO:
You Only Look Once muwu%mmamw@ WATWLIAR
Aunneneiu fadl

dienaulandnsusziiuuszandamaneld
anmzudafiuansnety nuAdeilddenldandsnis
prnduluntugn fedifugrunimauiuaziunind
wans1aiy e Haar Cascade Classifier wag YOLO:
You Only Look Once Fueavdeasolli

Haar Cascade Classifier

Haar Cascade Classifier megﬁumﬂ Viola-
Jones Algorithm (Viola & Jones, 2001) Faduwnda
é’ﬁumﬂ%‘auiﬂaam%aﬂﬁimﬁa (statistical machine
learning) #ann13v191UUTENOUAY

- AENwELAY (features) 1935 Haar-like
Features TuN13AIUIMAIINLANAI1IVBIAIIUTY
finwaluuinueng 9 vosnw LileAumaudnyay
vadlunt WU YaU A1 vIT03YN

- NM53AIUN (classification) 14 AdaBoost
Classifier Tun15591 Weak Classifiers 91U2Uu100N
ey ieadrady Cascade Structure (IAssadng
WUUBEIEIRY) Fadaannainisuszananalagnis
Fansesiiuiinldleluntieansdesanda

- Sofuavdodin Terwedizd Ao dnuda
Tun15n3333Ua Uasimaneiuan Real-Time ag14ls
finu Haar Cascade #n lasoanizuasuazamunin
vo9nm Fadudesifnudniidmanonnuudugives
N15915993U

dmsun1sMAaeY Haar Cascade Classifier
laldynaudnwurluminuinsgiueas OpenCV
(haarcascade frontalface default.xml) kazfiviun
Ansniimednan fed scaleFactor=1.1 minNeighbors
=5 wag minSize= 30, 30) uduriliruauga
symineanuutudnazauslunsiounela
annLIndounINAaes
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YOLO (You Only Look Once)

YOLO Juluinansiaduingi@sdn (deep
learning-based object detection) filéiFun1swawn
108 Redmon et al. (2016) Fsfluwrdandn Ao n1s
waansnsaduingululagwinisanaes (regression
problem) Tnaannisal bounding box Wag class
probability maﬁmq‘luﬂ%y’uﬁm (single forward pass)
%‘NﬁmmL%ﬁLLazmmLLaiusJ’ﬂqam'ﬁ%msLLwéy’qLﬁu
flarduitldlunsviung bounding box aunsauans
I@waaunisd (3)

t

tW
b, =a(tx)+cx, b, =a(ty)+cy, b,=pe".b =pe" (3)
lagil b,uaz b, i gaianatses bounding box
b, Uay b, fin ANUNILAYAILEIYRY
bounding box
C, WAz €, A AMUNUIVDY grid cell
Py, W8y p, A8 A1 prior anchor box

0 #e sigmoid function

YOLO Faanunsaiseuiiarnsindulunthle wil
Tuanmuasigudouninidsnsauin Famnzauiu
TaqUsvasvosnAdeififesmaisuiivunmmumumu
299l ULAARBAIULANAIIVDIFN1ITUES

ielidunnuuanmegnsdmaussniisdes
weadaiildlunisasadulumdt Feaunsouansnis
WIgUg U UIANTEINe Haar Cascade Classifier
waz YOLO (You Only Look Once) lngLiugaLiumay
FosinfiRedesiueAdedsmiss 1

4. MIUTHUNANITATIRIUMBIAZNINTTIY

Namimwi’fumﬂ%%m'ﬁﬂgwungﬂﬁﬂm
Anrzilagliyavesunininnsguilssuniseensu

'
A

Tuaruau Computer Vision (Powers, 2011) Lo
WlguguUseansnmnielaan iz nasnumnmany
ot duszuu wesnildlunisusyiliudsenausie

Accuracy (AuLIUEN151)
Precision (ANUL71E97159)
Recall (Auly/anuasysal)

F1-Score (ARa8WUUaN5lunuad Precision
way Recall)

Processing Time (nanlun1suszanana)
Fadudzinfasviewirnugniedwasaiy
anansalun1InsTuingednasaunay (Powers, 2011)

lnefenuuazgnsAuIMLansiaauniIsi @) (5) (6)
wag (7)

TP +TN
Accuracy = ————— (a)
TP+TN + FP + FN
P

TP + FP

Precision =

P
TP+ FN

Recall =

Fl=2 Precision Recall (7)

Precision + Recall

1ngN  True Positive: TP A8 I1UIUASINTLUUNTID

Julumilegndes (asrameunasiduluntdigda)

True Negative: TN fie s1ununsfiszuunsan
Tinulunih waglunmduldiluminess

False Positive: FP fia s1uaundaiiszuy
ns2aduRanan lnensaaindulundiudase o uda
TaifiTumin

False Negative: FN fio shuaundediszuy
asralainulunth veilunmillumingss

AURUIYVDILUAIN

Accuracy wansdndiuaugnaedlaeTINYes
NIMTI9IU

Precision U4U8NAINYNABIVDINITNTIVIY
dloszuuveninilumii (an false detection)

Recall @gviounnuaiunsavesszuulunis
nsadulunthililegasaiavn (an missed detection)

F1-Score Juanadodansludnszning
Precision waz Recall [Hiilafaanisiauszansaniag
iaﬂuﬂizﬁ‘ﬁé]’aqmiﬁgammgﬂéfaqL,Lazmmmamqm

NN 4 LA 5 LanRI0g1InIal False
Negative: FN FadnTuilelumaldannsonsiady
Soqutwangld viaii g Qunth) feglunmads nseu
Aund uaIRINaANSN15915299U vouwnvaslumiln
flumansanduldgnies uagnsoudindu uansd
funtsradluningge fluea asalinu (missed
detection) awifudn False Negative: FN 4oiin
waa FN ffniAnainaanmuesnmiian anuiuieu
sing (contrast) sywinsluniuazitundadilaidaiay
viodtyaasuniu (noise) Minananizuasiios
Fedamalilunaliianunsousnuszaudnuasisuyes
Tunile

NIANTIVINTUATINE DA W Te

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569 o= . o
atuinermansuazinalulad




f1919 1

masguiigunaanyalyves Haar Cascade uaz YOLO

AMANYIEY

Haar Cascade Classifier

YOLO (You Only Look Once)

PANAITN9Y

<
A3

AU BUUEN

ANUEANEU

n1susegnaldanu

1% Haar-like features wag AdaBoost
classifier a3y cascade V@9
weak classifiers wangdu (Viola &
Jones, 2001)

59310 WU real-time uugunsal
UszansnInen

YUBLTUANNLAIUAZAMATNYDININ

Tnanasluan1izuwaataey (Lienhart &
Maydt, 2002)

laamzlumimiedngciunis
train #1128 features NNNAUA

W2 AUURfeIN15AUE IS
laigudiou W face tracking LUasiu

it Convolgtional Neural Networks
(CNNs) titans33duinglu single
forward pass (Redmon et al., 2016)

Fann Teaanizgulugd (YOLOV3-
YOLOV8) M15835U real-time

fANuududIgauaznusoan1IzLas
AnannnateuInna1 (Bochkovskiy
et al., 2020)

aradulavaneUseinnvesingnie
U uagaunsn fine-tune g

Wz AUunfeInIsANRI ugIge
W surveillance biometrics kag
autonomous systems

AN 4 ANA28879 False Negative: FN

AN 5 ANA79E19 False Negative: FN
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AN 6 False Positive: FP

AN 7 False Positive: FP

Vol. 20 No. 2 May-August 2026



PN 6 UaE 7 LARIRI0819TDRANATN
WUU False Positive: FP daifintuiiloluinansiady
fngitlaldlunthuasfierannduluwi nseudthidu
A 6 uansianisnsadulunthiiiananasniindu
Tunmdifanizuasunn (high light) wiefindauu
fuRa nm 7 esananuIsusig (contrast) 7
JULITIVDIAIRATLIN (U YaUlde LU VisoUsIn
wasArYoUUUHY) a3193UkUUYU (edge patterns)

sl msnatedssauiugelinsusyiiu
NamamqmﬁgammLinus]”]ImsJi’mLLainzﬁw%mw
Tunsdansiudeanaafiisdulunrasnsd

msuszdiunanlunisuszanana (processing
time evaluation)

UDAINNLUATNAMULN UG LAY 91UIT8ES
UsetiiuUseans A niBeaninuisivessyu laedanan
Tunsuseanana (processing time) Tuniagiuiing
A (seconds per image) Befamausnissunmidg
SrULAUNIETELANadNEn19m599%U (bounding box)
Augnsnsianandsaunisi (8)

Processing Time = Ti ime(Pre — processing + Detection) (8)

1neWl  Time (Pre-processing) fi annlulunisulas
Anaduy Grayscale N19911 Canny Edge Detection
LAZANTHAIUNIN (weighted sum)

Time (Detection) o ianyluaa (Haar Cascade
30 YOLO) Talunisauuunadns (inference time)

A euludiunanisideidu Aedsves
nalunIsUsEIIaNanaAIN F9LAaNNNSNAABUAN

MN13149 2
AnIslaasan e lY

Viavan 1,500 AN ULANINLINS DU SAWISTTEY

NAN15IBIAZN1TBAUTIUNE
YAURYAUAZNITUUITEAUANIITUAS
n1sUszilunanIsnaaeslaauiunIsuuyn

Foyannlunt1diuiy 1,500 am aeldaniie

ueld 3 szeiu onn wasunn (high light) uasurunans

(medium light) uazuasias (low light)

LA TN TLUSTEAUANIZ AT NATINR1A
ANaAEYaIAILAIN (brightness) 18901 FeA1uIg
Pnewdsvesrnudufinegg (pixel intensity average)
Tugraan 0-255 (Ineil 0 fie Hnfign was 255 Ao ains
fiam) Tnsfinausinisutsanizias fannea 2

FnsnedeunaiadinUszansan

Anluusazanvuasgniiumageuniy 4
Bn1snsradundn WaSeuifieuuszansaim laun

1) Haar Cascade Classifier (Haar)

2) YOLO (You Only Look Once)

3) Haar Cascade + Canny Edge Detection
(Haar + Canny)

4) YOLO + Canny Edge Detection (YOLO
+ Canny)

nsUssidunaldfat faunsgudlasunis
gouFuag1aunInanelun1sITea1un15nsI9duing
wazlunt (Powers, 2011) Usgnoumie Accuracy
Precision Recall wag F1-Score wanani dailn1sin
nanlun1sUszanawna (time) WoUszifiudszansam
\BIAUSIVDIARZITAA8

ARG Y29ALRAYAINE I anwaznnlaenald
(intensity level)
LEILDY 50 - 100 AR S1eaEBAUNEILBIFY MY
uesluNang 100 - 180 LAULAIUNR Wnzaungadmsu
AsnsI9vulunin
WEIUIN 111131 180 AMEI997 1A Ta A TIeazBen

5 &
nNsleesionglna

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad




M99 3
UsednsnImyes Haar Cascade Haar + Canny YOLO #ag YOLO + Canny 21¢l8an13sUa994 9

#0178 Model TP FP FN TN Accuracy Precision Recall Fl-score Time

LEN (%) (%) (%) (%) (s)

47N Haar 254 a4q 46 156 82.0 85.2 84.7 85.0 1.502
Cascade
Haar + 243 53 57 147 78.0 82.1 80.9 81.5 1.179
Canny
YOLO 273 25 27 175 89.6 91.6 90.9 91.2 2.128
YOLO + 276 21 24 179 91.0 92.8 92.1 92.4 0.133
Canny

J1unans  Haar 248 a7 52 153 80.2 83.9 82.5 83.2 1.378
Cascade
Haar + 239 58 61 142 76.2 80.5 79.6 80.1 1.218
Canny
YOLO 278 19 22 181 91.8 93.5 92.7 93.1 2.175
YOLO + 278 18 22 182 92.0 94.1 92.8 93.4 0.162
Canny

1oy Haar 213 80 87 120 66.6 72.6 70.9 7.7 1.087
Cascade
Haar + 200 91 100 109 61.8 68.7 66.8 67.7 0.808
Canny
YOLO 260 36 40 164 84.8 87.9 86.5 87.2 2.020
YOLO + 266 30 34 170 87.2 89.7 88.5 89.1 0.157
Canny

A159AUsIENA Mnuasnliadane vinliluea YOLO @1u1500539

o U ¥ ¥ 1 o o I3 q' dy
NAIN 3 aansnazUazaiusenals fal Fuluwhldwaiuduaysiniibeiu

1. YOLO + Canny 2. YOLO (Un)

35A75 YOLO Shuiu Canny Edge Detection 99015 YOLO LWEN’E)EJ'NLG]EJ’J&JﬂiBﬂWﬁﬂ’IWQQ

TinadwsAianlunnanzuas eludiu Accuracy
Precision Recall way F1-Score laganigluaniiy
wasuunans Saléian Accuracy gegaiia 92.0% uay
gyassnwInuuLug luan1zlaunn (91.0%) uway
annzuation (87.2%) lieehuiaulles qawsiuddty o
TWoailunsuszananamiendios 0.13-0.16 Juri/am
Eanissuiaumedann uwansidiui preprocessing

fy Canny IULIUTRULAVBILUNNLALAARANIENU

wuiiu lngld Accuracy Wfiggenin 84% uiiluaniie
LAIUDY YITIANULBNINIDG Haar Cascade v8193
L o @ 1 I3 i 1 2

HydAgy egslsimunafldlunsussanananaudng
g9 (22.0-2.2 3U1i/nm) laifigufiu YOLO + Canny
A5V UNTIa9AET8UDIN15T YOLO fiasuseunana
NnnmAulaenss Ineldlasunisusuugenaninan

ABUNITRTIVIU
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3. Haar Cascade

35 Haar Cascade uamslyiufsnnuensnsaly
MsuiiTIaEaUIunans (+1.1-1.5 3uii/nm) us
fded1inmunuudug lnaangluanisuastioy
fifin Accuracy anatndauiies 66.6% woswniduis
N3ATITUBIAMAN e (feature-based detection)
Faflruseulmsenisilsunasweuasasann
windaudildatiaue

4. Haar + Canny

n151U1 Canny Edge Detection 1Wa Uiy
Haar Cascade lilldheiinusedn3nimnisnsiadu
nauIliAIAULLuganasluratgan1y Wi Ty
dN17BLANTeY Accuracy WRaliied 61.8% a@1ne

119991nN15A5199VVOUNN (edges) unniAulineolin

LA Noise NSUNIUNTTIINIIUVBY cascade classifier
wagyilinswenwezlurildwlugyininas

5. nswdsuifisuiueuisefiisadas
(comparison with related work)

Waufugesinsfivianisioudisuiu
TRy wasfiolinamsiduilfiauauysaibelu
Felmnaansvesls YOLO + Canny uidauliiau
WawIAnnUUsEENS A Yo slinans1a Ul unt R
AndiverulunAdedu 4 fdunisdanisiuanin
wasiiviime (wihagliyadeyauazanmwndennis
naaesTiwansnei) neSeudsuludaszdnsam
lnesiuuasAmaudiiay

YOLOVS (Yisihak & Li, 2024) $7u3defisnaamu
Uszansn1mues YOLOVS ‘luivwﬂi“aﬂﬁﬂ%q Tagln
APLUiUSNgae 98.1% Uuyndoyanuanssiy,
NaaWSuLLamMmu’naquiamaiuﬂﬁweuuﬂmma
YoLO Madulgsnmniinisldnesdudilminin (au
YOLOV8) Lazilin15Usutad (fine-tuning) wisnilimes
Yaslunaeanlaewaniy Dark-YOLO (Liu et al,,
2025) Tnatignesnuuuuiiiofuiiefunmiialag
AN 51891UA7 F1-Score g4n31 90% luan1izuas
Vo FelndlAeeiu F1-Score w84 YOLO + Canny
(89.1%) TusuAdoil

UNasUINNSUIEUEUIENS YOLO + Canny
Fauolueuiddod Tnadwidunuwiud (gaan
92.0%) KazANUNUNIUA AN I RATILUSHU I aENq
gonidoy efiarsandamdugasiuduaauiiluns
Uszananafiaudian (<0.2 3ufi/nm) nud1 Wansild
AnulaUSeulu@ess Trade-off S¥1IN9AINULLIUEN

| U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

wazm 5 Beferdumadenidusyavsamgsdiniy
nsUszgndlinunuuBealnivugunsaiidnineins
$1in Weifsuiulumadsdniduteunindainuanin
shenaUstananafiginitogeiidedfny

Iaeagu YOLO + Canny wandlidiudisennumnile
ndlumndnu adue g uagnalumsyszana
na lagaunsansraduluntilaegeadusednsam
meldanazuasiiuansnaiu vaedl YOLO wuuun
whiinuusiugngs ualidedinEosnan daw Haar
Cascade uag Haar + Canny dgaauaiuaiusalu
seunils uimuwiuguarlimnganluanig
wasiivime lnglonzuasios

YOLO + Canny Harlunisuszananaiaie
Yound1 YOLO Uni wifawiiiudumeu preprocessing
fnnuaiaidululifonisUszananase Canny Edge
Detection maamwavLaﬂmLLavﬁuauaw"LumLUu il
input maﬂmmammmmusmsuaﬂmaiwmmm dawali
YOLO @unsadsne feature map lﬁl’iﬁﬂL’i’J‘UL!LLauaﬂ
MseansAuaadluuns layer uenantanddediniumn
WU Liu et al. (2025), Sun et al. (2022) wag Yisihak
and Li (2024) m'ﬁwmumaawﬂummqmeﬂum
preprocessing @It IALIKE AT ALIE
Iumsma%‘uiﬂ agalsfinuasszyin Usingnisal
‘L!EJ’]T\]GIJ‘NE]EJﬂUﬁﬂHmWUEN dataset wavAnTAtnTIL
i i Femsimmereuifuduluowen

dieliiuwunlfuuszdnsnmuesdane3vi
wiardsdanunnnty euddedldimanissiansen
ms1atuuansluzivaansividu tnsusnsendu 2
du LA NI IMUARIAIAIUKIUENTANATNNINTFIU
(Accuracy Precision Recall wag F1-Score) wagnsn
Wisuisunanlun1suszanana (time) aeldaniagy
weETiuAnAni alasnn uawunans uazuawios

INAIN 8 WU YOLO + Canny TRaansa
figelunnanizuas Inedidvemnupingsndi YOLO
U@ wavaanin Haar Cascade agailtfeddgy lag
Lawwﬂuam'syuaamuﬂmaﬁ Accuracy g4anii 92.0%
VUil Haar Cascade ey Haar + Canny Huwualdy
Aranastmuiiennuainweninsias Ing Haar +
Cannyimmamaamqmiuaﬂnzl,muaa (Accuracy Ligs
61.8%) wansliliiuan YOLO flmnuadesninlunng
Fan15iun1sUAELLUAIIBINEY Way preprocessing
WUU Canny HeLfisdszansnimues YOLO ¢ uindu
laidenauinge Haar




AN 8 N9 Accuracy Precision Recall wag F1-Score

A 9 519 Comparison of Time Across Lighting Conditions (s)

MnHaNINAaDTiuandunm 9 asnsaasy
Apg19tALanI1 YOLO + Canny Edge Detection 1Ju
BiTuszansminionindane3fiudu 1 lunnang
wasiiviinnsnagey adiuauuiiug (accuracy)
AI1UNABY (precision) AMUATOUARY (recall) hay

m’mauﬂaiwi']d Precision kag Recall (F1-Score)
UseANSn1mgagn 35 YOLO + Canny Wanaf
Accuracy q\‘lz’jﬂﬁ\‘l 92.0% Tuan1izuasliunans uag
fipesneusyansnmlaneadauluannzuaos
Falaeundduitouladivhmesenisnsiadulunii
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IpINNMUDY Haar Cascade wilin Haar Cascade

a A v = AY o o Y
LANISUTTUIANATIADUYI9TIAS LALTBINNANIY
ANULLUIBE19TARY tagmnigluanyLalay

A1 Accuracy anadLdaLies 66.6%

WaNasaue1unalun1sUsELNaNana NN

(time/image) Bauandlunn 9 nudeasuitdAaieiu

NANILNUUDY preprocessing

=

YOLO (Un@) l¥hatlunisuszananagsiian

(=2 FU/nN)
Haar Cascade Wa¥ Haar + Canny Tatan

TnawAganu (1.1-1.5 3u19/070)

=

YOLO + Canny nduldiandifian (<0.2

9

a I
Fuil/am) Tunnaniizia

nsanasvesiatlunsussinanaiiiuna
ImsJmqmﬂmﬁwﬁlaugﬂuwﬁuwm (input format)
Inednsuds YOLO Und andauitn Ao nWa RGB
UM 640x640 Anwa (3 Channel) Tuaauzdils YOLO
+ Canny ndaungnanindaiies NINsEAUELN
ﬁgma’%ma‘u (enhanced grayscale image) @
1WJu 1 Channel nsand1uau Channel ¥890W
Houdhludumeu Pre-processing fi77e annnsznns
fuans (computational load) lulawesSuduves
lassrnguszamiion CNN danaliaanluniseyuu
@ (inference time) vaslutaa YOLO lngsiuanas
atafifad1Any (5901 YOLO Unfiiau 10 win) &
\JunsufuugalseavBamilaonndosiuteiivun
#11 Real-time 1091911348 uaﬂf\]’mﬁ Preprocessing
8 Canny 9938l UILATDI M UNYI AANANTENU
Mnuasiliaiiane waziinanuwiudimugluiu
mudafiiiuty

@

asUmsfiAuHadnSRINISHAUATA Al
N1HAY YOLO + Canny n1swauilitganl
winduselevigean Inglvimanuuiudigegauas

v v ~ = v & = Y o v
Tdnadesian Fawandiiiuininudiiulaves

| U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569 |
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Abstract

This study aimed to improve the product size-grading process of an agricultural enterprise to enhance
operational performance. The objectives were to reduce waste and improve productivity within the
operational process. A duck egg farm was selected as the case study. Operational data were collected
through direct observation of workers involved in the size-grading process. The Why-Why Analysis
technique was applied to identify the root causes of operational problems at each stage of the process.
In addition, flow process charts, left-right hand charts, and man-machine charts were employed to
analyze work methods, evaluate operational efficiency, and determine standard working times. The
results indicated that the existing process relied heavily on manual labor, resulting in delays during
periods of high production volume and adversely affecting grading accuracy and delivery performance.
The flow process chart identified 34 process steps, with an average processing time of 1,486.8 minutes
and a total travel distance of 236.2 meters, indicating the presence of non-value-added activities and
inefficient work sequences. Following process improvements through workspace reorganization and
equipment rearrangement, unnecessary motions were eliminated, hand movements became more
balanced, and hourly productivity increased by 18-20%. Furthermore, the application of the ECRS
principle reduced the number of process steps from 34 to 32, shortened the average processing time
by 25-30%, and minimized operational delays. Machine utilization increased from 70.7% to 90.6%,
while worker utilization improved from 87.1% to 92.2%. These findings demonstrate more effective
and balanced utilization of human and machine resources, contributing to enhanced overall production
efficiency.

Keywords: flow process chart, left-risht hand charts, man-machine charts, ECRS
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Abstract

This research aimed to design and construct a semi-automatic, small-scale organic waste pressing
machine to provide an alternative for campus-level organic waste management and greenhouse gas
reduction. The machine features a high-strength structural design using ANSI MC/C steel, capable of
withstanding a maximum compressive load of 12.27 tons. Its key characteristics include a compact
size, portability, and a modular design for ease of disassembly. The structure demonstrated mechanical
integrity sufficient for its intended purpose, with a production cost of 45,000 THB per unit. The performance
testing revealed that coconut fiber was the most suitable material for compression molding. The optimal
processing parameters were identified as a temperature of 120°C, a pressure of 110.32 bar (1600
psi), and a pressing duration of 90 seconds. These conditions yielded high-quality with strong fiber
adhesion, perfect structural integrity, and no signs of thermal degradation. Expert evaluation regarding
the machine’s design and functionality resulted in a good level of satisfaction level with a mean score
of 4.44 (SD = 0.56). Furthermore, user-end evaluations yielded a mean scores of 4.51 and 4.45 (SD =
0.60, 0.66), highlighting the user-friendly operational manual and the overall cost-effectiveness of the
system. This innovation not only facilitates the valorization of agricultural residues, such as banana
leaves and coconut coir, but also serves as an efficient model for systematic waste management and

environmental sustainability within educational institutions.

Keywords: greenhouse gas mitigation, organic waste, sustainability, semi-automatic pressing machine,

coconut fiber
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Abstract

Drug-resistant infections requiring special control represent a major challenge to healthcare systems,
as they compromise patient safety, prolong hospital stays, and increase healthcare costs. This study
aimed to develop nursing practice guidelines for the prevention of specially controlled drug-resistant
infections at Somdet Phra Sangharaja Hospital No. 19. A developmental research design based on the
Deming Cycle (Plan-Do-Check-Act: PDCA) was employed. The study sample consisted of 50 registered
nurses working in inpatient wards. Research instruments included a knowledge test, a nursing practice
assessment form, and a satisfaction questionnaire regarding the developed guidelines. Content validity was
assessed by three experts, yielding Index of Item-Objective Congruence: IOC values ranging from 0.67
to 1.00. The reliability coefficient of the instruments was 0.84. Data were analyzed using descriptive
statistics and the Wilcoxon Signed-Rank Test. The results indicated that, following the implementation
of the CHALIDA nursing practice guidelines, nurses’ knowledge scores regarding the prevention of
specially controlled drug-resistant infections were significantly higher than those measured before
implementation (Z=-4.675 p<.001). The overall level of nursing practice was rated as good, while
satisfaction with the developed guidelines was reported at a high level. These findings suggest that
the developed nursing practice guidelines can effectively enhance nurses’ knowledge and practices
related to the prevention of specially controlled drug-resistant infections. Therefore, nursing departments and
infection prevention and control committees may consider adopting these guidelines to strengthen

infection prevention and control measures in healthcare settings.

Keywords: nursing practice guideline development, drug-resistant infections under special control,

infection prevention, registered nurses
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UNuI (Carbapenem-resistant Enterobacteriaceae: CRE)
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= Pun lrauBieaan dalulled i '
SEUUU3MIERAM (Murray et al, 2022; World Health oA inaudoaan thluled (Klebsiella pneumoniae)

. A ¥ xy wasieawe3a enlala (Escherichia coli: E. coli) o
Organization [WHO], 2022) N5AaRDINNRIDABLIMANE ( )

. . . wiafaunsaunsnszanglaneluanuneuiasiung
U (Multidrug-Resistant Organisms: MDROs) tJu o L ) C
sz haihg Yaansmensumd uarduinaensey
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%I‘LJTEJ (Cassini et al., 2019; Tacconelli et al., 2018)
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2015) fewntl asdnseudielaniasAudaiunuuay
Jostulsauwtansgosnideliauauuanenisamuny
miam%’al,wuyimms Wy N13UURRY Standard
Precautions Wag Transmission-Based Precautions
nsénailongnegn® msliiasestioatuduypaa msuen
fUae wagnsdnnisdawanden (Centers for Disease
Control and Prevention [CDC], 2023) uaﬂﬁ]’m‘ﬁ
WuIAA multimodal strateey FaUsznoudaenisly
AUIHAUARINT NIFUTUTEUUNITVINIY WAEAIS
Ansnuuszliunasgisoiiles Ssgniauedn iuuuavng
fiflsransnmlunisnuaunsunInsEsve e
?ﬁyaaﬂuamuwmma (Tartari et al., 2021)

wHagduumensmusunsiaideiidainy
wiin1sukwImsaananluldluanuneviadang
WY AUTDIIIANAIBUTENNT WU AIULANAIIVDI
USUMNUIBIU A1sEueyaains anudilaly
wwsMIAIUANNISAATD uaznsTIRsTUVATUAYY
fmngay Fee1vdwalvinisufoamuuumalaidy

TUegsainaue (Gould et al,, 2017)

Tsanenuaauiansydusvedd 19 1u
L5 aNENUIAYHTEYIEIN 120 e 91NTI8NUNTENTE T
mshndelulsmenunanuh Shsmsinelulsmenna
LaznIATIINUeResiiunltiuu Inslanzde
é\u’e]m‘ﬁﬁﬁﬁiy lawn Acinetobacter baumannii,
Pseudomonas aeruginosa Wag Carbapenem-resistant
Enterobacteriaceae upnanii PNNMIUsTEUMTUNUR
pnAsnstaatunisunsnszaede nud nsUHUR
puLvEinIununassufifruall asvieu
Tidudstorilunsiuufualuldassdumhenu
(Somdet Phra Sangharaja 19 Hospital, 2023)

FedufAdestaruaulalunsfamniwuama
nsnerunalumsdestumsindonesfenunuiiy
Tulsswguia Iegyaniunsiauiuumisidaiig
AU @DAARDITUUTUNUBINUIEINY UALAINNTD
inldldldae ieindszansamlunistesiunay
PUANNITLNINTzEdeRee luan uNgIUE U
wwihlugnisiiuanuasadevesiiasuazyaains
NINTUNNG luszeze

o

nnUszesA

1. 1ieANYIANTUNITAIRLININI TN UA T
nstesiunisineneseniniunuiivy tulsane1uia

2. e uImamnewatunislesiu
nsfadienseNAIuAuiAvlulsaneIua

3. WaUseliunaraIn1sliuuImamsneuia
lumstesiunsinwesesiniuauiaslulsmetua

a % 3

UYTUANN

MINAIUNYINNTWENUNEA YILNBER NTZUIUNT

Y

WanuazUSuUTLwImensneualunsauagaey
NI ¥ S

RneReLNAIUANTLAY NElAUTUNYRILTINETUIA
WaiauUseansnmnsuuRniuuinsmsaiuauwes
Josumsuninszanelde
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ﬂﬂiﬁ@L%@?T@aﬂﬁﬂ’JU@uﬁLﬂw vanefe anazdl
fuasfinshadoaniteqainfios dugain 3
Tsaneunadmueliifudefideaiise Yauazaiunu
Judivay lngldsunisdudunaainnisnsianisies
UfuFins uadesdiuninsnistesiuuazaiuny
nsfndemuuuINeTilsmeuaimun

Uselevdanlasu

1. Tsang1unadnsimuIiuInIanIsneIuIa
n1sAneReYINAIUANTLAY

N3TUIUNIT

szuedl 1 iaspviaanunisel uasdnuanm
Hoymlunisquagaeiifinisfnidoniosndi
muamwmﬂu‘bawmma

sze%fl 2 PONLUYLUINNNITNYIUIALUNTT
Joatunsinwenayn Naruauiilay iin15i
JUBUY 9 ”Lﬁmaaﬂ‘mﬂamumaﬂ U
5 518 Lwaﬂswmu’ﬂsﬂwmmvammami

a va

unua

szagil 3 veaedldguLuUNIRRILILLANAG
Anmutaiausuug ideyadoundu JUwuy
WU

szazdl 4 N15UTTLIUNG

2. 1 DaANISWINSNIL YR DLATANNISAARD
nNsguanelulsameiuia

3. fUrgUnendy Lifiaweseeiniunuiiay
lulsang1una

o/

ASDULUIAANISIVY

nM9ideATaliuseynAliiasAuIMYa ANl
(Deming Cycle) iunseusiiiun1side Useneunie
4 5z8y (Deming, 2000) LAAIAININ 1

HAENS

1. anuslunisdesiunisuns
nszeloRosfiuau iy
Tulsaneuna

2. sduvuvesnsufdRnisleatu
LAYATUANNITUNINTE BT R
#1AIUANTNLAY CHALIDA

3. Anuianalasion simLILLINI
nsngruatunisdesiu
nsfnie

AN 1 NFOULUIAANTTIENISUBINUNTARYERDE I IATUANTLAY

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad




Usgynsuazngualagng

v

€

&,

nsfnwiasatiilunidenaziianu (Research
and Development: R&D) ﬁﬁ’mqﬂ’izmﬁlﬁaﬁﬁum
wuaImsnsweuIatunisdesiunisindenesd
AuAufiey tneddunisiiusiusindeyatuniag
Uimsgtheluiliuinmsuuuiulifefuredlsmenuna
aufanseds1vesAd 19

WNsANRNNFUADES

UsznsluanAdedd 1¥ud wernafiufimanu
Tunefhesuliffululsmenvaaudansdasy
09471 19 $1uau 7 e lauA vedflheandiamds vegfihe
a1dyvre vedUlead usINIIU vieUieniin vie
AUedaunssy vieUigfiAvainssy wazveyUaey
MAY01YINTTH IAENYVIAIVITN F917U 50 518

'3 s v . . .
NUNNISANLUI Inclusion criteria

1. GunenunafiujuRauluvedihesulimedu
TsanguransedawsvesAn 19

¥

2. WYIUIANIUANTINIUITY
WNEUIIN15ANEBN Exclusion criteria

1. Neg1UnaN An1sanf@nenfe BsaneIuIan
Wy Ueaenan 3 wheu

2. wenuianbidinandisiufanssula

WAsa9laN Y lun1sIve
ANSWAILILUINIINITNEIUA NS UR9 NS

AniafeeAUANTiAY lngdnfanssusEesIal 4
dUn v dsneazdun Al

1. anadusiusnn wedhvneyiulunstesiu
nsiadie wu Mslddenszuiumsgunisaunn

2. USUUAgUNGANTIUAINNIATTIUNE U
lun1sdesiunsinie Taenishinuinisasulu
wieu Mathdednledusuuegreiifunliizeus

3. adusegdla Inmslvddsnuiielviia
Anudiulanazlisnedadionlag

a wva

4. afrausansyiu welihlugnmsujod d
nsaTradsusuisdguniningu

5. Anmulann/ guassanazdigiunilulag
uudasiunisinie

insesilofililumafiusiunudeya Uszneu
A 4 @1 Ao

dufi 1 quﬂimﬁuﬁ'agaﬁ"fw'ﬂmg’{mau
wuuvszdiu $1uau 8 9o leud 01y wnuniuFoRay
szoznanlunsvha nslésuniseusuieatunis
Hosfunsinide

daudl 2 wuuasuanuaug lunisdeaiu
nsunsnszeidenesiinuguiivs Tulsmeuna
fAfvathstues Sfunismumunssungsy S
20 U8 Iiidenneudngn vsein selduuladmneugn
16 1 dmeulinuaznaulaiwila 16 0 Azwuu lngseeu
mmi AIUAL LU é’fﬂfj (Kananit et al., 2021)

daufl 3 uumnansnenunalunisilasiunis
Anidaraeninuauiitay CHALIDA lukuuasuai
F1U9U 13 90 AZUULAN 26 AZLUL ANBUZNIINOU
fio UfoAnnass UR vieads warliufuR ineusi
nsliazuuu fo Uftdnnadsld 2 azuuu U504
u9aSald 1 azuuy uagldufoR 16 0 avuuy Tunis
wlananzuuunsUAth Tneldinas il (Bloom,
1956) szdUfLN (280%): 1 21 AzuuLiuly seéy
A (70-79%): 191 18-20 Azluu szaunaly (60-69%):
16 16-17 AzluU WazAoaUTuUge (<60%): tioandn
16 AzWUY
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f1319 1

uwIMNMITHEYIVIaluN 150 UNI1TANTEADE1TIAIUANTLAY CHALIDA

CHALIDA TR0
C = Contac Precaution (n15&uia) 299
H = Hand Hygiene (n15a143®) 249
A = Alert (wdaifiow) 2 9o
L = Learn (M50ans wanwasuibous) 2 48
| = Isolation (M3uengte mslHiadesdeiv) 2 4o
D = Detergent 1§wmﬁwmmaxmm Faanusn uaz 299
= Discharge Plan (n13d3ndu)
A = Attitude (y1@idnla FiruaRd) 1499

daufl 4 wuudsuauAuianalasanis
Wauwuanen1snerunalunisdesiunisanide
ﬁamﬁmuauﬁmw 913U 9 98 (Plodrit et al., 2025;
Thato, 2024) wafusnasuszanann 5 sedu faus
1-5 azuuy nsudananziuuauiisnelaldaade
1AgAIRUALANST 5 S¥AU LAWN

AZLUY 4.50-5.00 = ﬁqwaiwnﬂﬁ'qm

ATLUY 3.50-4.49 = Newelaunn

ATLUU 2.50-3.49 = flanalaviunans

ATLUY 1.50-2.49 = fisnelaties

Azl 1.00-1.49 = flsnelatniian

= & A
N9 TIdRUAMNNINYBRATR N aNTEluNTS
Ay vaw vy A A a o
e gldnsaaeununnvarsastionlilumsidy
TgNA1TUING AUATITULEM (content validity)
4 o A A . . o &
LAYANULT DN UTDULATEIND (reliability) Aaul

1. MInTIadeUAUnsIdLien (content
validityp3osflefildluniside 1aun (1) wuunaaey
mmilﬁ'mﬁ’umsﬂaqﬁummwiﬂszmm%a?;amﬁ
AIUANTILAY (2) WUUUTEEUNNTUNURARIULUINIG
N1SWEIUTA CHALIDA (3) huugdauniuainuianela
FOLUINIINITNEIUIA CHALIDA Q‘i%’alﬁﬁwm%nﬁa
ﬂgwmiﬂmmaaummmqL%ﬂﬁ@ﬁﬂﬂaﬁwﬁ@mq@
§1wu 3 vy Faduorarsdnervia 1 vau was
wmma@’%’uﬂmammﬂaqﬁ’uuazmuammiamLﬂdga
Tulsanenuna 2 v NATUIANNADAARBIIBITD

| U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

Ya o o

A0NAUTRgUsEatAvaInN1TIdeY 9 ndulITedina
N13UTEEUINANIN AvllnUuaenAdesEnINete
AanuiuingUseasd (Index of ltem-Objective
Congruence: 10C) wu11A1 10C vaatemnuegly
439 0.67-1.00 Feagluinaaingeusuld §33e3eld
Uuugauiludamanumudeiauaiusyoeimssnndl
i ° A A 1%

noudAsesiiolunaaedld

2. nsasreasuauTesuresaleile
(reliability) dsnusudaaiosdienutelausuuy
vosimssnandui fideldinadesdelunnasddiu
WEIUIA 911U 30 AU LlenadBUANNLTDUTEY
\3esile InsimuainasinissousuAinudesiu
veuAsesile laitfoundn 0.70 (>0.70) Téud (1) wuy
naaouAINT AT IfUNITTesfuAITUNTATEANE
doroenfimuauiiay Fudutemniuuuugn-in
Answieanudesiulaglt gasgnoi-3uindu
(Kuder-Richardson Formula 20: KR-20) laf1a171
Fesfuwindu 0.86 (2) wuuUssfiunsUfoRnny
WUINIINITNYIUIA CHALIDA LAZRUUADUANAIY
flanelasiauuInianswe1uia CHALIDA Faduuuy
uasUszinuan Biesziaianudesiulagld
FuUsravsueanivesnsouuia (Cronbach’s alpha
coefficient) HamsAas iU iedesdiefimenidesiy
Wiy 0.84 uansi insesflefiaudesiuogluszsud
gausuld uazanusalldlunsiiusiusindeyalu




ms’i%’alé]’%%msﬁ’lLﬁumﬁé’]’agﬂLLuumﬁf‘\’]’smu%’sJﬁ
Wuswideuagsaun (research and development)
Imﬁﬂm{]mmuﬁzﬁmmLmewmsﬁ’mmsLﬁﬁagﬁJmﬁ
muaufievlulsaneiuia andunisiu 4 ssee fadl

spezil 1 MIdnwianuMIaiRnwanLunTe]
Wemosuazanwnisquaguaglulsameuiaauia
wszdsnswosdd 19 lngldiadesile loun 518910
foyagiinisainisindonios1 wuvasuauAImNg
FEAUNGANTTY LLazﬁmvmmi%’mﬂm%aﬁyamﬁmmm
fue TahedunealneTuIa ICWN 9nvthenuss 9
$1uau 11 Ay fmseeunuvasunluFesninud
TunstestunisuninszaneileoResniimuauiiay
Tulsmeuia $1uam 20 4o fidvaiisdues (Taua
NOU-&)

spaeil 2 Mefauiuuamanisufifaunis
ﬂaaﬁumit,t,wa'mzmal,%aéaﬂﬂugmwu CHALIDA
AIdpadun kLI iRnunisdeiu
nsunsnszaeloRoslusUuuy CHALIDA Model
Tnefitunousuiunis fail

1. ASNUNIUITIUNTTURALNANFIULTS

6 YA v =

Usdny fIdeAnwiAuaiuwifn noul Lavauidy
fieadastunistlestunazaununisiniforionn i
TudssmenazaeUseng SIUHMuIMNIATFILANY
nsmvAunsinde ietiundunseulunisiam
2eAUTENOUDITULUY

2. NIANUADIAUTENBUVBILUINIINIT
UftRmumstostumauninszaredonoslusuuuy
CHALIDA 31nn15daAszvidaya AMmunasdusenay
VB WINNNISURUR Usenause

1) M3ueniAsesiiogunsal (Contact Precaution)

2) N3usn Zone fnido

3) MsAnuengUlY

4) nMsfnteuansnisAndenenn

)
)
)
5) M5a9ie 5 Moments
6) MIviANNEYDIAGILING Y
7) msfeansUaienig
8) msliruugiungUisnazyd
9) nMsousuWsUfURNsAuNsUsiunay

AIUANNISAALYD

3. NN3ATITFOUAIUATWBLLEEM (content
validity) auumsiiimuniulfiiauslimsnand
$1uru 3 viu BsfinnmiBorngiunisaunuLay
Hosfunsinde asrvaeuaunswanion uaz
UszlduAaslaua0nnd 0358 nI190 A0 10U
Taguseasn (Index of Item-Objective Congruence:
100) mmi'juﬂ%’wsﬁLLﬁ'lﬁumusz’J’aLauaLLw

4. nsnaaedld (try-out) Mevdinsusulse
FRladuumdluneasdddiunguneruiadiuiu 5
4' a = v o
518 Wedssidiuaudulild anudaau wazay
winnzganvesgUwuy newhluldasluszeesely

a P Ya o o
szeeil 3 ManaaedlisuuuuITetnuImig
N15UHUR CHALIDA lunaaasldlumiieusnisgdae
Tuvedlsangruraaufansedaas1vesnn 19 laed

JUABU NI
1. NS EUANUNSBUNDUANLIUNITNAAD

1.1 {I7ednUseyuinacsigazidenves
W1 CHALIDA wnwenuiadgndnluneiens
7 Whg

1.2 9n0UsITURUANISAEINUNININT
JosfiunazauaunIsanianeeinruaNiiley

1.3 uangilauuiniean1suiauaziuas
UNUINRUNTVINEUIAUARE LY

2. Mmsaiunsnaaedldzunuy

2.1 dwdunmsnaaadlisuwuuluverUay
W 7 s
2.2 neuradv I duduuRnunwuimg

CHALIDA TunsquagUefnwedeeniniuauiiay

2.3 {IAUULAENYIUIAAIUANNITAALS (ICN)
o Yy do v a Yo ¢
ity Aaeu d1dinwn wazudledym

FEWINAAUNT
3, msﬁumusmﬁ’f@yja

3.1 UszfiunsuUuRnIuuuIniaues
nerualagluuuUssiunimuy
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3.2 UsglludnsnisufdRauannsnisnou
waEnAIN5LTUEINIG CHALIDA

=2

3.3 Juiinlayun auassn Lagtolausiiug

v 9

a wva

MNFUHUA

4. NMIAUANAMATNANTIVE (internal validity)
ilopuAufuUsUnsndeu fiTeimunlvineiunad
dhimmsideldsunsevsuludenifiendu Weie
wazuuInjuiRatuiediuluynuuisau way
fvuasyeznansiiudoyaidanu samfeideas

TN15ARAIUAIN VB AL AU

o a YA o a a
e8I 4 NSUTLLUNE NIIYALLUNTUTELUY

Y

v
v

nang1duszuu Ineddunausadl
1. M3UsEdiuANIveINe U

1.1 fAdeusziiuauiineliunislesiy
WATAIUANNITUNINTEINYWRARETIAIUANTLAY B
wagnaenslidzunuy Tnglduuunaaauninuiiniy

A1SATIVADUAINUATIVDLLBU LA

1.2 WibuiWeuazkuuAN no LAz
nsnaaesldzuLuy

2. M5UsEEUNTUHURMILMUINI

2.1 Usetfiumsuf uRnuuuInna CHALIDA
vaangua nelduuudunangAnssunisujifnau

3. nMsUsziuanuiisnelaveujun

3.1 Usziliupnuianslavesneruiane
WUINY CHALIDA

AUFDIUNLATTLELLIAN
159NEIVNAFULAINTLEIUTIVRIAN 19 Lo

181 12 iy

n1snsziideya
mMalnseiteya nenslilusunsudnsagy

SPSS version 26 a8 MuUAAINUL YA A N19an A

)

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

I ANUAIZAU p<.05 lnedisioaztden Al

1. ToadAmanssauun (descriptive statistic)
AATIEY ToyadIuyARAYRINAURIBENY Joyadu
yanavedg Uiy laglinisuanuasaiud Segazuay

dudeuulInggu

2. [addiasevidayavesnsiuuausnou
waznaInsluIng lagltaia Wilcoxon Signed-
Rank Test tilpsandoyaifunzuuuainnguiedis
nNauAeINU (paired data) kagnN1INAFBUNITNTEIY
vosdayanuiliidulumunisnszatsuuuund

YA o

Fofimsanduadesssy muidoedsd (3de
195UN135U5999 N AN TN TAUBLATITINIUATY
WiouRUUAUNI WAl MBAMENTINNITITLIIIUNITIY
Tunywdlsmenunaauifanszdasvesdai 19 Smia
Mayauys il 3/2568 Taglddils favdnanudu
dasvanuuinflsnuazenudusssusedsaulasinis

.Y

v v < v | U b4
waglisedinsrTdunsiuteyailuniudulaenisl

siawnuTelidoya ndsantuiaiu sausiudeya

Y

NAN1SIY

NnmMsinneiteyariluvemeuiainin
Tssnenunaaufansedasvesdii 19 $1uau 50 au
el aARENTs AU WU WOTUIEIVITW SIuIUse
A1 50 A wuin ngusegradumandgaianun fony
\de 39 U fainsAnwseaudaynns Sevas 94
flszoznaufiRnuluiumimeiuiainndn ade
16.3 U flszoznafiindlulsmeuiaiade 11 9
nslesuniseusy melussezinan 1 fnunesle
funseusudesnsiostunisunsnszaneiie s1ui

Sp8aY 52 AIR1519 2




M99 2

Toyasiuynna

Joyadiuynaa N§uA29819 (n=50 AY)
U () Seway

21y

Wosnin 26 Y

26-35 U

36-45 U

46-55 U

WA 55 U
MAX = 58 Min = 25 Mean= 39 SD = 10.84
AAiN1sANED

YS9

genUiand
szzarufianuluduvmeiuiaivadn

Wounin 6 U

6-10 1

wNn31 10 Y
UHUN

verUrgantiyna

vof ey

voRUegh uTuNTIY

v Ueniininge

R VRRL G

voR U ilAvaAnITY

voR U1 filAYeYINITY

aeluszezinan 1 Unduneeldsunisausutaanisdasiunisunsnssanea

welAsun1saUsY

luwelasuniseusy

1 2
25 50
6 12
15 30
3 6

a7 94
3 6

3 6

19 38
28 56
11 22
11 22
5 10
6 12
6 12
a 8

7 14
26 52
24 48

NANISIVYAINTLYTVDINTITNRIUN

HAN1SUTEHUANIVDINEIUIAALITUNTT
Jaaiunsunsnszanewenae inuaAufiey nou
LAZRAINITWAILILULINIINIT CHALIDA WU ANEUAT

NLGERLRH

sty asuunauivesmeviaiuuly

NOUNITWAIUILUINIG AZLUUAIINS VDI
weuadulngjegluszauiiunans uazueUsziu
fnzuuuegluseium Tnslanglulssiiuiiioites
funsuftRniuunsnstdeafunisuninszaiside
ogaasanin ldud madeiioseihensnidonnads
wasduia Uiy Segar 34 uagnisidgunsalsiuiuly
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JU%e Sovay 36 avvieuliiiulisesinsdituniug
wazaudlaieafunsnsmugunsindonosn
TuvrsUssinudfgy

ABNINTTHAIUINAZUILLINIG CHALIDA TU
14 wudn azuuunudvesmeunaiutuegetaion
nanedeiinzuuusgluseiuduin (Fesas 90-100) lag
mgUssduieniunmsufoRaumnsnig Standard
Precautions wag Contact Precautions sﬁﬂﬁﬂmmu
Yovay 100 Mslidydnual “R” lunsdeansiiaedn
Wonos1 Andudesay 100 waznsiiAIuayers
Aaadousnisnismugudnnndey fazuuuey
5¥NINTYAY 96-100

HANTISANIAINE1EENDULAAUIY WUINIg
CHALIDA ﬁﬁ@umﬁ'ﬁummsaLﬁumum’mi’uazmm
Wilwvesmerunalunmstesiumsuninsyaedenesn
finuauiieldednaiussansam uazdaaduliin
nMsUfURTIgnAos s IuNsAIUALLaT ToIiY

f1319 3

AR IS INEIUNIARILARIIUA151S 3

NSNAFBUNIINTEBVDITDYANUTT ATULLY
AMUsnaukarrainsiduuInianisufualaidu
Tuaunisnszarsnuuun® Judenldaianuulids
w131fmas Ao Wilcoxon Signed-Rank Test e
WIBUBUAMULANAIYDIAZLUUAIINS NOULAY
N8N 91ITUUINIE HANITIATIZANUIN AZUULAINL

SABULALTAINTT LT WUINILANULANF 19N UBE 198

u
v o

WudAn1eadifi(Z=-4.675 p<.001) lagA1dsegIu
(median) vesAziuUANNI AU ITLLIMIAWIAY
14 uagndinslduwimiavindu 16 wandliiugi
pziuuAud nevdinsliuumeduulfnduiy
fiail Aiedsazuuunnudieunislduumasiaiy
14.18 (SD=1.66) Uagnaenslduuimiaviniu 16.00
(SD=1.59) slauandlunisng 4

A lunsasiunsunsnseredeneeinunuiiaylulsine1v1a

k) auzlunisdasiunisunsnszanewenasnIuANLAY AZUUL  AZWUU  WANISNABU
AR Tulsanegruna nou VGN
(Jovaz) (Sowaz)

1 AU UlTINYUIARILARSNTU UAINUINENSARTeULARIIN 48 92 Aun
AUelinsAnelulsaneiuia

2 nsAneseenmuANieylulsaneuta Amuald 5 67 fe 58 94 AN
Pseudomonas aeruginosa MDR Acinetobacter baumannii MDR
Stenotrophomonas maltophilia Carbapenem-Resistant
Enterobacteriaceae (CRE) Vancomycin-Resistant Enterococci (VRE)

3 HUrefndeseeIAIUANTAYAINNTRRAREAN 68 82 AN
droplet transmission 1%y

4 nsdivisauenliiiiiganeaunsadalvigUiuegideadn 84 98 Asn
wonyneiies lidiaungnwaiu

5 duaefndenesn iWudedertuaunsaldgunsalsaudule 36 60 Urunans

6 adlesethgshwennaimasduiaielueuvewllsindenssn 34 56 1unana
ATUALTNLAY

7 nseudazenionoukazndssisueanagealaaniiieine 52 66 A
luguiefnieneenaiunuiiiay

8 nsauguniailasiusumelunisauadiiefineses MDR wAgid 58 78 A

Mask fLileane
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G auilunistasiunisunsnszaneiwenosinluauiiiay AZUUY  ASUWUW  WANIS
A0 Tulssngruna fouw  waq NAHDY
(Sovaz) (fovasz)

9 Wenengunsaldesiusiamesuuldasadetlindudwesinieonanun 86 96 fun
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Abstract

V-shaped profiles are commonly found in sheet metal bending applications. The selection of an appropriate
bending die is essential for producing workpieces under various forming conditions, including material
type, sheet thickness, and tool geometry. In this study, an adjustable V-bending die for a three-point
bending process was designed and developed to enhance forming flexibility. The tool components
were designed to be interchangeable, allowing different configurations to be tested. Finite Element
Modeling: FEM was employed to investigate the effects of key tool geometrical parameters, including
Punch Radius: Rp, Die Radius: Rd, and Die Opening: W. The results indicated that the bending angle
was strongly dependent on the punch stroke. Sensitivity analysis revealed that sharper bending
angles were achieved with increased punch stroke and larger tool radii, while a smaller die opening
resulted in greater bending deformation. Structural analysis of the die components manufactured from
AlSI 1045 steel confirmed that both the punch insert and die insert possessed sufficient strength to
withstand the applied forming loads without undergoing plastic deformation. Experimental validation
demonstrated that the deviation between the simulated and measured bending angles was less than
3%, confirming the accuracy and reliability of the developed die. Furthermore, the developed tool
was applied to investigate the springback behavior of AA1100 aluminum alloy and AISI 1005 steel.
Specimens were tested at target bending angles of 80°, 90°, and 100°, and springback compensation

was successfully achieved by increasing the punch stroke.

Keywords: sheet bending, 3-point bending, V-bending, bending die, springback compensation
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Abstract

This research presents the development and evaluation of a prototype system capable of accurately
translating Thai natural language queries into SQL statements. The system leverages a Large Language
Model (LLM) implemented as a customized GPT on the ChatGPT platform and connected to a MySQL
database through a Web API. Users interact with the system through a conversational interface by
submitting queries in natural language. The system then translates these queries into executable
SQL statements, executes them against the database, and returns the results in tabular form. The
system was evaluated using a dataset of 30 Thai natural language queries. The experimental results
demonstrated that the proposed system achieved an average SQL generation accuracy of 90.00%,
a query execution success rate of 100.00%, and an average response time of 0.0045 seconds per
query. These findings indicate the potential of the system for practical deployment, particularly in

scenarios where users need efficient access to structured data without requiring specialized knowledge

of database query languages.

Keywords: Text-to-SQL, Large Language Model, database, ChatGPT
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Farubetu nsUuUsInnumiugwesnadesles
schema fdusnideiildsunuaula ne Lan and
Li (2024) léhaueluwa PS-SQL 714 schema-linking
WUU phrase-based 321U pre-trained language
models LtedugAiaiuiy schema lsogsusiuguas
fuszAnsnmanniy lnslanizlugudoyadiivane
A1 9aE AT UL DT lATIEs e TuvasLRBaiy
Shen et al. (2023) l#iaupuwImafinauunuly
Auluina Text-to-SQL meLnaila Sequential Feature
Augmentation: SFAM FeoonuuuTwlumaause
FamstufaufifiuuuurSed dumiuasuutadly
16 Tnelslaameuauwsiugrveawadnsg uenani 9
flauidnwidnenimeues LLM Tugiuzddionisdou
soL neamzhlandfifianududounaesssu wui
Tumao81 ChatGPT wag Bard @1u190asnefids
SQL laegrauiug wagsessunisidaulu@enis
Bousuazdoasiugudeyaldiduse1si (Pormphol
& Chittayasothorn, 2024) dauﬁa*‘uaﬂmwmasﬁaaﬂa
Anlavsnglusuideues Liu et al. (2025) lalaus
REFORMER @uifluisuidsnild ChatGPT dupsnzsd
YAUBYAIMUNIUNTEUIUNTT retrieve-and-edit Uay
ATIVADUANNABAARDIVDIAININAU SQL A8 cycle
consistency wwansiiliifiesdelilunainiig
am13alunis generalize Tudslawuulng 9 unds

o W

Hreanduyulunswisuyadeyainlaegadtudfny

o

aglsfinny uATefiiuLu ez uansli
Winfeadnenmves LLM Tunisudasdoninusssusni
Jurda soL leegreudug widsasiidesidalusu
nmsilulgeuase Immawwmsﬁ;ﬁ%ﬁ?w Judeasenld
ulunanazumds SQL vuadeadsnnesneuen
demuies Fuduguassadensdnfuasdemdmiu
fdialy suatedisaveuuimlndlngld ChatGPT
SaufuANaINIsaves CustomGPT Liiaidausafy

gudeyalaense ylvaunsoadiauassumds sQL

nSounansnadns Lo neludumesinafelnuwuy
amaula (interactive) F9¥28anA1UTUTBUVBS
AsEUIUNTs Mbrszuvanunsatnldlgauasaladne

wazideliaenaliograunviase

o

AUILEIANISIVY

wannszuuiigldanunsadeinaluguuoy
Aw1sTINIIAkaElATUATmBUNdUIIN T OYa LA
og1a5ualnl uazarsszuuiitisananududounes
nsruuMsAUAUtayalug uteya vilviszuuainse
i lvldeuassladguazidrfedldvatenislaegng

wiase lnglidetodemnuiaumaia

AsANLUNIIY

mMeTuili Tngusrasdile W sE LR UL
Fienunsaudasioruamensssud (Natural Language)
T Gudds SQL wagdiiumsuszananaiugiuteya
TN UBUMBIIBLUULFRDU (interactive interface)
Taglranuaiunsaveslumanivivuining (Large
Language Model: LLM) ﬁﬁmuﬂugmwu Custom
GPT 32U Web API fidonsiagiudioya MySQL &4
Heligltaunsadsiniuluguuuunwsssunanay
lgsummeundunguteyalaograsealng ams
goen1svhunanskilunm 1 Faduwaunmaisu
(sequence diagram) Usznaunay 4 a3AUIzNOUNAN
Tetun (1) gldau (2) lumalgyayruseivguuuimun
13 (My GPTs) (3) iU APl uaz (4) szuugiuteya
TneFungldnudsdanudigssuu My GPTs fivin
wihwUasianuidusds sQL 91niu APl az§usd
fsnanileddludguteya uavislogudeyauszana
HaLa5e svuvasdsmadnsnauluguuuy JSON T GPT
wanawanaundusieyldngludumeiineiediuegis

ATUINT
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AN 1 TURBUNITVINUVBITZ U

1. TanadgyyruszRvguuunivunias

AidelaUszandldunannasy Custom GPT
984 ChatGPT (OpenAl, 2022) neldda My GPTs
(OpenAl, 2023) IngilingUsrasdiiosossunissud
213l ULUUNBISTINYA Uavanunsaulasdaniny
Fanaliidudds sl fiaenndesiulaseadng
srudeyaildauldegrsgniosuasiivssdnsaw
ns¥UIUNIASIe My GPTs Uszneusagdunou
d1fey oA A19AIRUA schema Y0358 UU APl WY
11935514 OpenAPI Specification (139359 3.1.0)
Faldivungaidendeszuindiiea LLM wagsyuy
giuteyaflegmeusn sideivszandldinadans
wlasdamnuniwisssurmdusids SQL: Text-to-
soL lngldlumaniwawslnglunisasiamds soL
nAaunlng sruuaunsadusids soL il
Augnudaya MySSQL 933 H1u Web APl kaguans

waanseerg it Ineluauidei APl dsnanilidu

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

14 (endpoint) +u /sqlvl.php wazgnlaaslivuy
B$Wa0$71 https://api.thepsatri.com TneSusds
SQL #1W method wuu POST uazdernaulusuiuy

JSON fegn9laseasne endpoint wanslaasnin 2

elvlunaanunsadlalassairsvessu
foyauazasreds SQL lsiaensgniies §idelednmsen
Uaya DDL: Data Definition Language 90451170ya
ClassicModels #aUsznaudiuf1de CREATE TABLE
YT ILA TIEAEWEN (primary keys) Aduen
(foreign keys) uazUszinndayavotunasilan wd?
Hadluludan Instruction 109 GPT Sevimiiidu
sruUATIEALgIL (system context) dwiduluiaa
n13ils DDL 19819 GPT 14718 schema 93ew0sg1u
ToyauAraIN13AYINNIT mapping MAUAUATIVTE

Hannedvealalnensataelifaslinlunalng




A 2 A1eE19lATIa318 endpoint

2. 13U AP
iieanmududeulunsdidmazsniunis
$udds sQL Adeldiamniv APl Tagldnrw PHP
iodenlestuszuugudesa MysQL dvimindifunaln
nasd USRI SQL fiwlasnanndannuniw
5ITUYIR UagyiIN1sUTENIANATUFIUTRYATTI NiBy
Jndemadnsnduluguuuy JSON egrauduszuy
1598519989 APl 5095URIUBKUU POST Farmun
Amndiwes query udeyavdniidesiuidiain

HegiSonldau lea LLM agviminiudasaniy

gy SQL string wdrdssumnsfimesily
&1 API fifnualif sqlvl.php nadwsildnduunay
ogluguluy JSON AiUsznaudae (1) success uand
a01urANLASIV09NITUAE (2) query UaRIAIAS
SQL ﬁgﬂﬁ%’mﬁﬁ (3) execution_time WLanIIE82LIAN
fldlunnsUszananards uaz (4) markdown table
wanawadnslusunuumTefianssathluuananauy
NIRN9ROUNAUVRY GPT leoegedaau nan1sEen

14 API h@masanIn 3
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AW 3 N1IRBUNAUUDI API I‘HE‘ULL‘U‘U JSON

3. g2udoya

Y

vYa o Y A v v a o v ¢ .
Idglaldenldgiutoyaiteduiug (relational

Y

database) Fadugiuteyadiogsanniivled

MySQLTutorial.org (MySQLTutorial.org, 2025) il

Tunuaeulaginiu MySQL g1udeya ClassicModels
sransaniunisaivesgaiaduAnduidaessasud
Tneiidoyadnassiiaenndeafuszuuinugsnanse
UsgneumedeyagnAn (customers) &uAN (products)
nauALEn (productlines) n13dste (orders) 518013
audluusiasidsio (order line items) n3dn5ziiu
(payments) Wiina1u (employees) hagd1tinauayn
(offices) Fafinsdoulaafude@endn (primary Key)

wagAduen (foreign Key) LHUATWAMUFUNUGTE NI

#1519 (Entity-Relationship Diagram: ERD) wansla

FaNIN 4
Frudeyaiinnuanysaludiulassasnegiu
Toyadeaduiiug warlianududauseauliunans g
dmsunisusaiulsganinmuesszuuiiisides
funmsudasdennusssummduds soL esann

mmsmaa%’umsaaumu%’agaﬁaLmuﬁugmuaz

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

LUUNTINA18915198 U TeIA UK LA U UNUS WUU

Foreign Key

4. n13UILAUUILANTAINUDITEUU
iioUssfiunuaNsave ST UUTIRRmUIY
Aidulanenuuunszuiunisianasgraluszuu lag
JaunInTnaeumLgnAeresida SQL fldan
NMILUBNTBALABIETTUYIR TINRIUTEEANSAINANT
YINIUYDITEUULUUATUIAT (end-to-end) Fausinng
Sufanuauiamsuannaans lunisussfiunandedl
K39y lﬂfum‘msmmmummasimmmmumau 30
U9 ﬂia‘uﬂawmn‘wawiﬂsmiwuaqmm SQL iy
mamawa;&auwmaaulsu N3IANGY nsdeules
NAWAITN LATNITITLIAIAY Imaﬁwmuﬁgwmgﬂﬁw
WihgszuuruBumefimavadlaiaa My GPTs Liteudas
urds SQL wazdslusa Web AP ifiasfiunisiu

Futayasse InenadnsnlaanszuuazgnnsIaaey

NELTEINIYAUFIUTRLA WNBNITUIAINYNADS

Yoaadnsnlavngudoya




n3¥anaazaeuAqutEIuALgNFBY (accuracy)
ALY SAIUDINTEUIUNTYINeM (functional success)
LALUTTANTAINNITNOUAUDIVBITEUU (response
time) lagnan1suszidiuazgniniausluguiuuida
adfre Sesazvetadugndes ArAudsaly
nsAduns wazAedonainismeundu ield
Wuwnasilunisfinnsananundeuvesszuudmiy

Asu U9 uase

NAN15798

S¥UU My GPTs fiwmunduluauideilgn
panwuUlva unsaltauEuwnan oSy ChatGPT Ua9
OpenAl gldldanunsaidnfisssuu My GPTs lalay

AN 4 UNUNIW ER maagm%’aga

nsindszuuruiulesives OpenAl ududeniuna
My GPTs 91n518%8 GPT fialildeuansisaznie
ALz damienly Tnglunisussidy
UseAnsn1mvassyuy LLM dwsunisudasdaning
mwlneidudds SQL (Text-to-SQL) §dElsoonuuy
AManufiidnvaznsiseyaainiismilms Tag
lifinsdousdmiernuduiusiunssdu Taods
Mo “Wuanadeyadiinau (officeCode city
state Wwag country) ﬁagﬂuﬂium USA France lag
Australia” szuuaiunsadiladiaiuniwlng uag
waadudds SQL eegragnéies fauansluaim 5
Feenudn lunsdfidu Manuitugiuan 1 a1
wagliifinsdeuieulududou szuvannsanoundy

778 SOL Nwiugn
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AN 5 NISLAAINARINAIES SQL

WinUszludnen nYe9syuU LLM Tunsasis

|
o o

Fnda QL fifiaradudoudtu fiteldoonuuuan
fidradld nstouddagan (subquery) WA LILAN
nansandayanelunmadertu wdldadudy
Feulvdmiunisnsestoyaiidy fogradnmd
THlunsvaaeu fo “IiuansteyagnAtiiusznauly
28 customerName contactFirstName Waz phone
feglutszmeiienfugndnide Vida Sport, Ltd.” 4
wanslunn 6

HANSNARBUANNTAAUNALAT1 LLM dadu
annsolunsdalassaiiedds sQL Afddsdesls
967199NABY 1AYAINNTNTEYAINUNITUTZUIANAYDS
subquery léogramingan dedoiduninuaiuse
sefugslumsidrladanuiifiviununadedasiiay

ndoyaniglugiuteyaies

v

YONINRIIINNITHIIVADUANYNNUBITLUU
LLM Tun1sas1emds SQL Nfesandeninudntaly

ANHFLTUSTENIaMaNEnn 19 FIdelneanuiuuAny

U7 20 atuf 2 Uszdhou wounIAL-89viaL 2569 |

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

firdltnsienloadoyaszninemisng customers
uay employees WiuAUAUNUSVOIATUDN lALA
salesRepEmployeeNumber Tand fra1udild
Tun1snaaey Ae “lifuansteyagnAniiveya
51’&5 customerName contactLastName WagLlang
swazidenvesminanuiiiuaugquagndisiedu 1
(lastName) Fesdrrun1usiagnAantesluin

LAAY 5 A1AUKSN” AILEAILUNIN 7

waé’wéﬁlﬁmm%@ga%mqﬂﬁﬁwmﬂsﬁ’mu
5 519 w%’au%aﬁumwﬁm']uﬁ@,LLaQﬂé”lLLm'a:;sw
ag19a5u82u Taeszuvanunsadilaladndeuls
salesRepEmployeeNumber = employeeNumber
Wumnuduiusseninemssiidedddlunisdoules
%@yjaluﬁmmﬁmwﬁﬁwﬁﬂ SQL fanan {33ula
fasnnuiiilassaiisiie Tnedoamsfedoyantineu
31N813°9 employees Fflsumtsy (jobTitle) \Ju
“Sales Manager” sasaagnad1ny “lvikansdoya

NUNI1U (employees) fatl firstName lastName wag




email Ingidonianig jobTitle \Ju sales Manager”
Aauanslunim 8 uldn JULUUYBIATET SQL Aggnias

mubiensel winaansyilaee “lailiveyafinseiuau

Tusunuseu “Sales Manager” @95gUuA2SANTT

As19aauAMUSsUWsuluA1ds SQL Auafiiag

u
[

3slugruteyanauy visedlflendudiowuztanlng
\igafige wu 19 LIKE IN vSeuansminuunigaly

LY

Aadultuiievegldlunsindula

dioUssliuUsyAvsamaasszuuiiauntuly
nsudasternunwisssumnliidudids sQL oens
gnAeuaraInsaUsERIaNaiugIutayavTelang
anysal fReldnniunmegeussuulagliyadinny
AYISTINTATIRIATILIY 100 F1010 Fenseuagy
SnwagdonmanratsguLuy en1siedayaiiu
57 mslifdadou ndienlematsmisns nsda
nqudeya masnufnwdienslinseiudeyaiifoy
3 MautamungnindgsruuiuBumefingves

Tuna LLM fiiamnluguuuy My GPTs @9agyiinng

Ao o o

AN 6 HAANSINNTATIASIS SQL NiAdsees

wdastornuidudids SQL uazdss Web API LU
gudeyaiilofwadndnduanuansierld Inonadns
wiazyaldunsamaaeuangiBevgsugudeya
WleUsziiumNgnAauedds SQL uaza ANy sal
YDINTLUIUNTINNUY Nan15UTZIIUATEUAGY 3 FNU
vén leun eugndfeaueadids SQL (accuracy) A
auys0lveIn15v119u (functional success) uaglian
waglunisneundu (response time) s18azLdANA

NSNAFDUTMUNAUSNwaEAINLEnlTTuA1S1 1

mMsUszlusruuwlanesssuyRdumas
SQL MNYARIAINTINIU 100 U8 WUIITEUUAINNTD
a¥eiids saL Ifeesgnaedludmsnfosas 92 uay
aliunsiauldasudiulunnnsal (Feeaz 100)
Tnednanadslunisnounduiios 0.0048 Surdide
Mo wandliiiudinnuaiunsavesszuuslugu

AMULLUET ANULEDYS kazUsEAnS LN zay

a

sani1sinluuszendldluszuunisdnnisgiudeya

JuindeumistdygyiUsehvg
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AN 7 HAANSINNLATIASIE SQL NTN15IIUAIII

a

AN 8 HAFNSNISAMIUINUNRANANR

NINTIVINTURTINEFUD AT uede

U1 20 atuf 2 Uszdfiou woun1au-Gama 2569 o s . S
atuInemansuazinalulad




1519 1
HANITNATOUTIULUAN NN WL A1

Question Type No. of Questions Accuracy Functional Success  Response Time
(%) (%) (S)
1. Basic Selection 20 100 100 0.0042
2. Nested Queries 20 100 100 0.0050
3. Join Queries 20 90 100 0.0047
4. Group & Aggregate 20 85 100 0.0059
5. No Match/Value Error 20 85 100 0.0040
Total 100 92 100 0.0048

aAuT8uarasUNansIdY

HaNSUTEIUTEUU Text-to-SQL e ChatGPT
wanaliiudadneninlunisulastanlanuniwl
sysurplmndumds soL Ihegauwsiugr wazanunse
ATIUNTTUIUNTAUAUYBLALUUATUNAS (end-to-end)
Iegsauysal Tmmawwaéwq‘éﬂuﬁmmmgﬂﬁaa
manﬁw%’mazmmL%ﬂumiﬂismamaﬁaeﬂuszéﬁ’u
WiHgaNiunsldauaTe nquA1a1uUsEnm Group &
Ageregate ag No Match ﬁmmmgﬂﬁawﬁﬂdmdu
9u losnndnudesendenisinimiteulyeay
anuaamndoudulugiinainnisideniaseadig
saL filunsefuianuivesdiany wisdds sQL i
afaduannsadulddide nansiveadiiaenndes
AU9UY84 Pornphol and Chittayasothorn (2024)
FeBuS I LLM W ChatGPT anunsaadiarda SQL
Fgndesidlusunuuiiuguuasdudou uhedlidesiin
Tunsdifauiamemnzannn uenant Hansvnaess
IAuaEnnAdINULLINIeTBY Liu et al. (2025) uag
Shen et al. (2023) Feglfiiudn Amuudaunssves
52U Text-to-SQL liléduagfieatuluaaiiniy us
farufansdanisteyalaiu (data augmentation)
& wenanndl Sauansliiiiudn ChatGPT anunsaadig
mds saL leegrudugluseiulasiadisaonndos

' '
v

AUIUYes Cagliero et al. (2024) udlunsalAdsi

<4
g

FUYDUBALHANITNAADITIADAAR BINUINUITEUD
Nilsiam et al. (2025) Miunisumaila Text-to-SQL
74 LLM Wweuiugiudoyasse egndlsfinnm gaeu
A o o X a | v PN ° I
YaszuUNiLauenseil Aenisyaiulufinisunluly
U APl Tl ug uteyasse Inglidasiian
ANSHAHUILLARL ARSI BLASIFS 19NT UGB ULININ

91nNaNI5UTEEUNUIN SEUURRRUT Y
anunsanevauesiaufillassadaannransliegng
fluszanzan Ineldnaiuszananatadediios 0.0048
i waranansaaiunsiiegvanysallasliniate
Ranann wansliiiuneninunsenvesseuudmsuns
Truluuiunade wu nsvrswmaetniseu dnAnw
visogldmludilaifinamg sQL snntn

Tunme suidedaduayuuufniiiu
35UV LLM tugeasfiunumdidgfluduaniuusug
waznsFouddlamu uwiszuuieenuuulaedy
A lavunvesglduaznsifensefugiudeya
939 (MySQL-GPT) fianunsaliinadnsfiduszansam
wagldauldadanuiu deil deiaueuugluouan
msiansannsdiinnalnasiaaounudenadediv
schema wazlausnisuilysnlusidleindofinnain
iioifiuanudangulazanuusiugvesszuuliun

v
=

g99u

— K —

&
g
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Anugndaswesmiliannsmaseuluglusdauniuiiisinindes SsamnsoiAnudnuuzianzniseine
warmaninlalUlflumadeiinedessiold
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Abstract

The purpose of this research was to investigate the aerodynamic characteristics of the M Solar-X
fixed-wing UAV and the M Solar-X VTOL UAV through subsonic wind tunnel testing and to compare
the results with those obtained from computational fluid dynamics: CFD simulations. The results
indicated that the installation of the VTOL system did not significantly affect the lift coefficient of
the aircraft model; however, it increased the drag coefficient by approximately 30-45%. Subsonic
wind tunnel testing showed that both the M Solar-X and M Solar-X VTOL achieved maximum lift coefficients
ranging from 1.4282 to 1.4609. The critical angle of attack was found to be between 10° and 12°,
while the drag coefficient at zero angle of attack ranged from 0.03059 to 0.05018. In addition, the
UAV exhibited a negative pitching moment derivative with respect to the angle of attack about the
center of gravity, indicating positive static longitudinal stability. The increase in drag reduced
the lift-to-drag ratio, which directly affects flight endurance and operational range. Nevertheless,
the VTOL capability expands the flight envelope and enhances operational flexibility, particularly in
confined operating environments. Furthermore, the results obtained from the CFD analysis were in
good agreement with those derived from the subsonic wind tunnel tests, confirming the validity of
the aerodynamic predictions. The aerodynamic characteristics identified in this study can serve as

valuable reference data for future UAV design and related research.

Keywords: aerodynamic characteristics, unmanned aerial vehicle, solar-powered UAV, subsonic wind

tunnel, Computational Fluid Dynamics (CFD)

Y &

UUAn150u (Eiampan et al., 2022) FeuiTeidu

UNUI
o o o o UITYABLBINTUNDUNTBDNLUUNNGNNNTVD
NOINNDINIANTEUUNDIAIUEIALYVDINTT

. - N I 21NALULSAUTUNS 19 ULEIDITRE M Solar-X hay
Wauwmaluladeiniagulsauduiiaiasuasiada

AuanIafIunTURnIee e ielunga
91nAgusuuTulauIusEAUNa1s (Medium Altitude
Long Endurance: MALE) wagonAgulSAuTULTS
gn5nN17 (Unmanned Combat Aerial Vehicle: UCAV)
Tneauuamensiamauiesiay s iaLgna NI
Yostuuszwaduddey melsinseugmseansnasin
91117 20 Y (1.71.256 1-2580) Fasjagideienl “nasvin
o nALtaunTsuariiuszdnsnin (unbeatable air
force)” (Royal Thai Air Force, 2025a, 2025b) ngld
U3UNAINa 91n1eeulsAuTuNaIuLaeIing M
Solar-x lfsumstimnnfuiiesesiumsiatiesufinegu
ﬁuLLazmimmmznulu‘ﬁuﬁﬂﬁﬁami RN TR Faly
msuImsadssnaUaenfovestadnywdlunis

M Solar-X VTOL (Ruenpakdan et al., 2024)

Tuthsvanenesseiiiun weluladorn ey
ISaudundsnulaseninglasuanuaulasgrauns
wae esandidneninlunistulauiy sy
4¥019 UATEINN3ASeITUANSARTInaN AN TR
wadeunazsummiuAs Mswawaluladiaing
loagnelnaruainnsaaneinideiulsauduauin
dnlugenniseuliaudumauduaiazdulduiy
(High Altitude Long Endurance: HALE) Fuvneau
dwsunishadiisss n1sdeans uaznsaInnsELIL
Tuiluiin®1a (Umprechar et al,, 2025) §og19a21y
dSaluedn laun ennrenuliaudu Pathfinder ¥aq
89AN13 NASA Feanansadudeiioslduiuainnit 1
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Wiy AiseduAugs 50,500 W (Noth, 2008) uaz
o1mAguliauty Helios fianunsasinstulsgeda
96,480 W& (Kumar et al., 2015)

waluladenniagruls audunasauuas
ofindldiamidoiesogssinia Tnoyautdunis
WNUSEANEAINYITTUVUIMSTANI TN LLAE
N139818UAANNAINNTAIUNTURTRN5AY dreene
fiddny 1oun enaeldaudu Zephyr S T
Tneu3sh Airbus Aausidl A.A.2008 dnansadufiszeu
ANgsUsEIa 70,000 wm uazdusioidoslduiud
100 Tu (Bierig et al,, 2024) samdse1neguliau
U PHASA-35 Faimunlaeu3sv BAE Systems uwas
Prismatic fausid .6 2016 uazansadusewiadld
wuds 1 T Aisziunugaszana 65,000 Wa (BAE
Systems, 2025) yonani ernAsuldauTUNg ey
wavefinddalasunisuszandldonaninawanslunuy
FUNITA15I9AWINE DURAZNISNEAT HIUNITAN
Fiszuudumesdmsunsiataduiiauunnsidie
w3a LodiAsgigun A uaLysalvesiivetng
fisvansaw Uitt-Aer et al, 2023) sausaanansald
ASNATUNA I8N MANTBULAYNE DI NE DT
fadauuoniAeuldauduiiterhnsaamudivine
wsehiifidnvaedudeunasnaunduiuanimuindeu
16 (Choosinworasakul et al., 2025)

Tusnuideuaznisesniuu dAn1siiiaue
LUIAALALITNTHAILIDINASULS AUTUNS I TULES
o inglunannmranaseau Maleki (2011) laiauenns
pRALUURIanNsEmsuaINAeulSauduna s
LLaﬂmﬁms‘]ﬁmmsaﬁuﬁixé’ummqn 60,000 #» lag
fl9299n 20 wns veusdi Marta and Gamboa (2014)
Iapenuuvenmde ulSautundsuLaseindgdusu
msfvdnammaoulagligunsaidamdvdiiioan
AUNUNITNER @71 Malaver et al. (2015) lasimun
oA ulSANTUNGIULEIeIng Green Falcon
dmdunisasaiafieideunssan wenanil Sonkar
et al. (2023) lel@uauuIANNITEBNLUUDINIABIY
15AUTULUUBIATIN TAENATUNTLUIUNITODALUY
o mAEuLUUTNeZ a1 fUsTULTU-aeneis (VTOL)
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Feawveulriiufauulihinmsiisdnanuanansalunis
UftRasAtluiiuiisnta egrdlsfinnu dagtudun
Afeiieneiuariudunanssnuvasssuuiu-as
YIPIFDAEN YYD INANAMANSYBIDINAETY
Fautundenuuaseniindiedoyanaasiwag CFD
AUA N Faunuideilfalafududosineind
iloatfuayuniseenuuueNAsIudIvIuAsAady
Ju-adluiiuiisiinognediussansam

INNSNUMILISTUNSSUEaRTUUSUTEU
f’fmm%’ﬂﬁﬁsmuﬂ'ﬂﬂmé’ﬂwmzmammﬂwamam%’
vesondgulsaudulnalAes wuin dulugilunis
= % = = =l = G 1
AnwiiuanAg uLUUTNASAREFULUULAET 11303
WUNNTIATIZATIUIAA USEAUNITOBNLUU taell
IS8 UTIEUNANSENUVBINITAARITEUVTU-89N9
Adlagnse Useneaududaluiignudeya CL CD uaz
CM dwsuomasulinudundsvwuulndifeady
M Solar-X dnvianatgauaiunisnadaunielevig
1auts8luan (Reynolds number) ALANAN931NENTY
A150UATIVBIDINIALIUNA I ULAIDARTYUIANAT

= P ° Aa v | a A
WIp [ UUINaesNlonTd@IuALISEI819Un (aspect
ratio) 4a¥N159n 2199 UNTAITULARBUAIINNTEVDT

(%

M Solar-X waz M Solar-X VTOL sg19idedngy

o

¥

wonani muitduanlagunendenisiasizsiaae
Wawawsedeyallmaaeaiiswuiniaufed il
Fau1AnsEUSUHASNSLUUYIUNNITENINNITNAFDY
Tuglusdauriunseuis CFD Fadu ATedtatuns
Wudugesihaanzin negalnziuasilSoudiou
HANSENUIBINSAARITTULTU-aMeAsiaAl CL CD
wag L/D 99991n1AgIunNasauLaseing anela
configuration uazdaviauisluad idenndasfiunuy
M Solar-X waz M Solar-X VTOL Taemse iiedaii
gm%’a;&aﬁmmmnﬁumiaaﬂLLUULLazﬂ’mm@iaaaﬂ
Tuusunnisldlunisujianisieasesioly

WRANYIAIAMANYAELANIENIIINA
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wage19nd M Solar-X kageiniAeulsaudundsnuy
LA AindTu-aamais M Solar-X VTOL Tagldinng
naaouluglusdaunuidriinindesfsuvudiass
AT Id 1:2.85 luvimsnisdusedu Yszneusne
dssAviussenifieutugaeny (CLVS o) udseans
ussduLisuifuguUsng (CD VS O) dUsyansuseen
soduUszAvBussimuieudugmUeng (CL/ CD VS Q)
uarduUsyAvdluansdvateinimeuiisdifisuiusg
Ugng (CM VS O ) sauiun1siasgriniglusunsy
AIMNaAansvedlna

ATUNITIAY
1. NISNARBURIAIAUANBULLANIZNIGBINA
waAansaealusAanAuEIRINT TS

1.1 gUnsaimsvaaes: glusdananuidaring
deaiiomsisedueosdeflilunmsmaaeudiionen
AudnwuzlangnsoInawamand laeliiedesile
Sausauazlusuduvuindaneluglusdan el
yauavesIuarTius feil usinunuRaniu
8197 (normal force): 2,669 U1AU WIINIULUILAY
177 (axial force): 1,334 TAU L5IN9U198107 (side
force): 712 113Au Pitching Moment: 113 1126uL1AS
Yawing Moment: 56.5 4281uULuns Lag Rolling Moment:
56.5 1AULNAT

1.2 wuudrassermasulauduilinagou:
fidnsdodiuviiu 1:2.85 WeSeuiisuivawin
939 iosanglusdaunnuisiinindssiianuning
1.5 was nefianuentnadediown 4.2 wes e
gns18edIU 1:2.85 JWNAUnvowuUTa0wivuIn
1.5 a5 warflanuennesaaienieinanamans
(mean aerodynamic chord) 0.1046 LuAT AIUAT
drdBafnfuwriuBa (adaptor) Wievhnsidexseuay
Anderuinsesiletaussuariuaud dauanddunn 1
TngvunveLuUsaefiadrstuldmdedsanudau
wan oA

1.2.1 ¥39Au5IveINTTLaRINALug LA
aufiaunsavhnsvageuldiiovilnaussluadiia
Tndiestuavssluasildlunisduaiwmnudeulanis
‘ﬁummgwﬁ'ﬁmum%u (standard flight conditions)

(Barlow et al,, 1999) laglun1snagauiinvunLay

5IlUARUBINITOUITIN 2.25x105 FIANUNSOAIUI
Tamuaunis 1

pV.C
Re=—"—"— (1)
My
lau?i  Re fo wusdluan (laifine)
p.. fiv ANUnIwILYeIINTA (Rlansusie
anNuIAnLUAS)
V., Ao anuiivenssuaninia (Unsee
9)
C Ag ARsA (WA3)
.. Ao anuviianainvetainie (Alandy
AoLURTIUT)

Tnefunstufiannus 125 wasaedund
yirlilden Mach number Uszanni 0.04 Faogly
Fran1sinannuidisiinanissadvesenielliity
diny denndestunmsmaaeluglindauiilinmida
YDINTELADINIA 25 WAy 31 wasaeiud vinlula
avLsdluan 1.79x105 wag 2.25x105 AUaIfu Lay
fiA1 Mach number aglugas 0.07-0.09 FslndiAeq
fuan1izn1sduase dealifiin Flow Similarity
Wwinze STl wiiAn Mach number a¢lslanunsavinlel
wiriuldogsauysal wiidesannidunisivalugag
AAE (low speed subsonic) AYULANASAINET
3elddemansznuegnaiiudfyserduusyansuseen
wasusasuivale

1.2.2 PUPNUIENSRaMU U RRUSsUTEU
Aunuiihdavewiewmnaes nglvlidnsdiudosiign

'
al

NANUITOAINANTENUIINAITANVINNVDILUUTNA DS
(solid blockage) waMIsUNIUANHTIGLAAY (tunnel
wall interference) (Barlow et al., 1999) Feluns
naaouiuuuaesdifuiiviidndlelinyusnyde
UgnegIngausednnd 0.12x1.5 A51905 1WIsuigy
Sunneituiiindruesiemnasiie 1.5x2 M519ns
Feantulandsnsdiudetuosuin

1.2.3 YaulwnvadLauazluudvesgUn ol
wiosTnussuarlumudianunsosulaluyasiiviinas
NAFOU
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AN 1 LUUINE9 M Solar-X wag M Solar-X VTOL wiafn@anuwiudnnasin3oailainksikaslauiuus

1.3 38n15mnans wuseanidu 3 ¥raman laun
1.3.1 99038UNITNOUNITNAGDU

1) ashwuudiassornideulsaudu

NHIULEIDRE M Solar-X wag M Solar-X VTOL lng

TaTesiuianudid anuaziden 15 luaseu Yagild

9 PLA 1@SuAuudausamsuvisasuaulniues way

Andaunundnlusunisununanswesdifiioden

defuwiudaiaiosdeTnussuaslumudvosglusday
FalanalunIn 2

2) 2UAUNITNAADILAYAINUAY 9
AnuEIidean TmageULaE AMUASHIIN TR
Uznziiieliflddeyafinseunguuaziinuseansam
Felumiaseilenununsegeu suanddunisa 1
Tneigvhsuzuiues (setting chamber) vasglasda
%ﬁmﬁwﬁm%auLLasmuQanmeﬁﬁuaqmsmemm
mufisinualinasnnisnaasinaufivziiunszua
DIMAINEIULT IR

3) YSuiigugunsalinTesilainusauas
JETEUIT

4) NAFOUKAZIATIZRAIULTIUTIVET
wuusrasseimasliauduludesiufionimims
1w (dead load) aauuan1sdneudoulussen
fiAnTugeaniidunlfandurounsiiesesinaan
TsunsuAnumamansveativa s aniznismegey
finuidaigegamudeyaununismaasd
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5) AARLUUINARIINASIULS AUTY
WAULATDINBTALTILALILUUA SIUNINTIVEBU
LUILAUNITRARIVDILUUT1aBID1INAEULS ALTU

(alignment check)

6) ATIVFABUANUNTBNYBITFUUUHURNNS
wazAIUANgliAay

v =

1.3.2 939n157adauwazUuvInNg

mu'ﬁ%’sﬁ%mmaaumﬁh@mé’fﬂwmsLaww
NM9DINANGAANSYDILUUTIRBIB N AUl TAUTY
flauiseluad 1.79x105 uag 2.25x105 A1MET 25
Lag 31 WAsHeIund yalsny -4 s unTEIs
fayuUegngdngs lnggumniveInTeuanINIAAIuAY
157 25 esmwaldoa AnuvuILLLYe8 A 1.225
AlanfusegnuiAiiuns anuntanainueseinie
1.789x10-5 Alan3usialunsIui wagnmunyulens
wuudnludfannssuunisvinuluiesriuay lag
agmstufinauseildannnismagey nouaen

AaNURvaINIERaRINAluiDINAaey

1.3.3 A5 iHanasmAmANLA IRy
AAnTufunIsMaans

wSesdloTaussuazlumudansnsatausals
AuLUILALEELaER AN U Fatuussen (ft)
WAZUIIFIU (drag) Fsanunsamuiadlaainaunis 2
uay 3 WonsuanmUny (angle of attack) wagen

luuudUnigseugnqudniaedsInimeIy @a1u1sn




AIulARINENn1s 4 (Bertin & Cummings, 2014)
AuanssIgazidenlunin 3

L=Ncosa—Asina (2)
D=Nsinoa+ Acosa (3)
M., =x,N,+x,N, + 4 (4)

g9 L Ao wseen (Hasu)

N A8 WIIANULUIFIRINAUAI (TIFU)
A D WSIRNUBUILNUSIE (HIAY)

¥
Y]

o e yulene (3mn)

D fio useinu (T175u)

Mg 7o luuddniiesaugneudniaves
21nFe1Y (H2Auns)

x, A9 388 lulINTEAUTENINNTAAUEAIS
LATUIIIILIR SN TUSEY Wi 1 (wns)

x, A9 ¥l TEAUTENINgAAUEAI
LAZUIIIILIR N TUSE w9 2 (lums)

¥, Ao szppirdlunnfaszninagaguiang
WAZLTIAUULILAUAIN (LURST)

A 2 NETIUVUTIA9 M Solar-X wipufnsanuuviugn (adaptor)

M1919 1
uaunIsneaay M Solar-X lkag M Solar-X VTOL

[eulun1snagay AIN1INAGRY
AU 25 uag 31 WnsHouNil
uleng -4 919 12 931
gruausdluad 1.79x105 fi9 2.25x105
VAR 25 aAwalgYa

AN 3 ANUFUNUS SIS ALaALs o ula
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2. NMINAFHBUNANAMANYAIIANIENNDINANAAENS
faeaun1s Navier-Stokes Tuluswnsu Fluent

ANAMENYULLANIENIIDINIANAAIENT LY
nuAedmunalngIBFsiien (humerical method)
WUV Finite Volume Method Tulusinsu Ansys Fluent
(2024) &MTULAAUNITIIADINTTVAVBIDINAKUY
inesyLaui nsdl Unsteady State Afinnsiudsuudas
AYDIRILUSAN 9 Auna wasidunisivalugny
anudnindeauulinisdad aungeyinting
wagngeufnEluudy Jawadwsildannisdua
wagluinasifiveusuldmaiainssy (Coleman &
Steele, 2009)

I@aiumuia"a’aﬁﬁmmé’mmzLawwmqmmﬂ
wamanslaFunisiunaiyuuznzang 9 lagld
Solver WUV Pressure Base wazilisn1sAmuiunig
wAlA SIMPLE: Semi-Implicit Method for Pressure
Linked Equation) AnA3Lksiugwuy Second Order
Accuracy Wazunszuvaun1siugukuures Implicit
Scheme dsfiteflaglsidpsddsiaatosnnueinis
ANUIUTIAILAY Unconditional Stability (Versteeg &
Malalasekera, 2007) InggUnuuvewesyawiiden
wosyauileaiuu (SST) k- fianunsaussyndlils
Tun1slvavateguwuy Bertin & Cummings, 2014) ua
lfuniseenuuulaesiudefseninanesyaumiliima
WUU Standard k-@ fianansauddamnisivaldd
Tududein uazimesyiauilieauuy k-g flanunsa
widymlealudunisinaventudeia (slam et al,
2013) Inefitunounisnagou fail

1319 2
Grid Independence Test

2.1 Pre-Processing

Gudlaensedsuuazdonld CAD idiosnns
T991uuae Generate Uvaalna CAD lagns Import
Tunaes Geometry faansluniw 4 (§18) Lazyinnis
Enclosure ¥n13UTUIUIN USUAIRIN 9 Wazyiinig
Generate Mesh ¥innstiuiindeyalaglud File uay
%1113 Export

2.2 Solvers

Busulaensialusunsy Fluent 16.0 (fluent
launcher) wasaAlUsuns WEuaRuAsIEaLEn
v89 Mesh 9 Y+ faurn 60-200 wazldnis Mesh
WUU Hybrid 3s9zaiaelinasld wall Function &
UsganSnmasgalunisdnassnisivauuumesyiau
1AB1nN15% Grid Independence Test gaianslu
M504 2 JI3elaldenld Medium Mesh flalaziden
dulusarausaannisiuiafidudou Stability
(Versteeg & Malalasekera, 2007) Ined Node 31u7u
2,500,000 Node uag Element 971171 2,500,000
Flement w&antuldvinmsidenlidfidesnisuay
15 Meshing fananslunin 4 (137)

mstvuaieulanazveunnslva (boundary
conditions) vaan15luaidn (inflow) wagnisinasen
(outflow) RIFB1IBINUNISNAADULUUSIABIAIY
glusray Aauandlunisng 3

Grid Level Uncertainty (%)
CL CcD

Coarse - Medium 7.8 8.2

Medium - Fine 0.6 2.1
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AN 4 N5 Generate TWa CAD (€18) wazn1s Meshing (131)

A1579 3
n1smvuaeulvuazveUuanNITIvia

Feulynswasou AININATDY
ALY 25 uay 31 WASHETIWNN
NI -4 99 12 9en

fuiidn 0.146 M131UUNT

9NN 25 DaAaLTYa
AUNUIUUUYDIBINA 1.225 AlansusiegnuiAniuns

mmwﬁmwai’mﬁummmﬂ
Turbulent Intensity
Viscosity Ratio
mmﬁammﬁﬁﬁﬂuma

QUVNARNT

1.789x10-5 Alansumoiunsiui
0.1%

2%

0 (No-Slip Condition)

300 a7 (Isothermal)

dlensndeundmui Mesh laifins Warning
3adon Turbulent Model wuy k- (2 Eqn) 91ntu
Amuadieulvesnnuiiuazyulsneidosnis
AATzRlagUsuA1 Component of Flow Direction
U$usn Reference Values Auuunnvesiiuiiingnsds
warALEIRDsARALTeY Model wazUsus Number
of Iterations 18w 1,000 wdaden Calculate antu
599UN5218 Solution is converged Feanunsodane
A1 CL hag CD laannut1ae siudsdaunan1sgitnm
Amouldainnsan Residual fifintoand 10-3 Tng
w&991min1s Run TUsunsuuds ennsduiag
dmmeu agldan CL uay CD vealoulunisdu

dl o
NATNUR

2.3 Post-Processing

Fumauiliunsimadnsils fo Aandnuoe
NETsRIMIANaERSHNT 9 Aldannnisduialag
TWsunsuunmaransaadiva liun Arduusyans
us98n AENUSZAVBUS IR wazAduU e Al
Unuegseugagudaisveeiniagiy ueuiieuiu
AR YuzIaNIzNIIeINENaman{Tlia1nnng
naaeuluglidauuazianimalusULuLYeInT Lile
iluldnstinseitymiidosnisfing
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NAN1SIYLALNI15AUSI8NE

ilesanlunsmageuseglusdan lasasg
yasomasuldaninsasesiumsenssulugiuanus,
fifieuminanizass Ao Tt 56 wassedund (fieu
fUAUET 19.4 WnsAeIUNT ﬁmmqa 150 Lun9)
WA 32 WRSABRWNT (Wieufiumnuss 12.5 wesaeiuni
ﬁmmqa 1,500 LUAS) NSLEAINAINEYBILUUT 8D
Jefinmswdsuudasmmeaeulviogluguaanisi
WNNZEL AB 25-31 WRsAIuil laednisiasan
NansEUTeduUsEASUSIenLas U ANBUs Iy
flsangruaussluanfiuansiaiy

1. A1SAATICHHNANTENUVDINITAAAITEUUTU-a4
nhraAIanNIAnanIanslagldalusday

1.1 FuUseavisuseen (Lift Coefficient CL)

AN 5 WAAIHARNSVDIFUUTEANTUSI8NUD4

LUUIIAD9 M Solar-X wag M Solar-X VTOL lagly
I3 A = | a a A

lUeAANTIANGT 25 Uag 31 lnTralui laewle

'3
v ! | a K

WigugunuaznuIadulseansuseenliunnang

[V o v
v A a

819N TEAAY MULAAINNNITAAAITEUUTU-RINIS

o

1% ' '
a

favilrnundnasundasiswdntas
1.2 duUsyandussinu (Drag Coefficient: CD)

AN 6 WARINAENS VB IdUUTEANEUS IR
Y99uUUSIa03 M Solar-X waz M Solar-X VTOL
ANIET 25 way 31 wassodud lnedleludoudiou
LNV NSANRITTUVTU-am9Rsdsnanse Ul
Fudseavsussduiiuay 30-45% Failefinnsandd
FudseavisussiuiinTuvas A dudseaviusson
Tunneneiu wanedn aussdumiien (induced
drag) Yiosunn uaranunsaasulidn dudseavdussinu
At duduuszaniussduing (parasite drag

coefficient) SULHBILIDINAITAARITLUVTU-RINIAS

A1 5 N3 uanInuduius sendsduysensusseniiisudiuyulengveauuudiass M Solar-X uag

M Solar-X VTOL lngldglusdauiinanuid 25 wag 31 wnsdoduni

AN 6 NI1LARIANUFURUS TENT19FUUEANS U UTBUAUYNUENEvoIUUIIa03 M Solar-X way

M Solar-X VTOL Tngldglusdaudinnunia 25 uaz 31 wasaeiundl
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2. MIAATIZRHANTZNUVBIAULII I UanRDA191NA
GLAGIK

nnsedeuTiaavseluasiuand 1y
wuth aussluasiiuanntudmansenulidulsyava
Lmaﬂqqﬁ'ﬁu pananslunin 7 Inefinaluyiswesgunis
unsetiossnnuszaal 1% udiflespsnggetuian
iseluaravdsnasoduusyavausionunniudssanal
2-3% usnantiu A1veuavssluasiinansynuse
Fuuszansuseinu daanslunm 8 Taewuin e
vssluadiiinanniy dmaliadulszansusain
anay Imﬂﬁywzmﬁwzamawwmm 2% LLas‘ﬁ'y‘m
Ugnegeuntuviotiafnnissivau adulszans
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Abstract

[T help-desk staff at a university computer center create tickets and record end-user request calls:as
request documents containing explanations of IT-Support-Task (IST) concepts. The ticket’s request
document contains several elementary discourse units (EDUs, which are simple sentences) including
a salient IST-concept EDU. The research focuses on mining, including the extraction of EDUs with sa-
lient IST-concepts from consecutive daily IT-support ticket reports to classify the salient IST-concepts
EDUs (IT, Network, Mix and Miscellaneous). Classification results are used to represent daily task loads
graphically, which helps with planning and decision-making for resource reallocation. There are three
main research gaps: how to determine the IST-concept EDUs with noun phrase ellipses in the docu-
ments, where the noun phrase ellipses of the EDUs may result in loss of contextual information;
how to determine/extract the salient IST-concept EDU as the main content of the request, and how
to classify the tickets’ salient IST-concept EDUs with ambiguous task concepts. We then propose
using a word-Verb cooccurrence (wrdVCo) set with IST concepts to determine the IST-concept EDUs
(where wrdVCo can be used as primary keywords to analyze the meaning, main idea, and context of
an EDU). We also applied a salient-concept occurrence rule to extract the salient IST-concept EDU
from the document. Machine learning techniques, SYM and MLP, are then applied to classify the
tickets’ salient IST-concept EDUs. The research results show high F1-scores of the salient IST-concept

EDU extraction and classification from the tickets.

Keywords: word cooccurrence, help-desk ticket, salient concept
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useful information, including concepts that can be

Introduction

Recent I research shows a clear trend toward mined or extracted for the workforce planning and

. ) ) ) service management of the enterprise. Therefore,
developing data-driven information systems that ) ) ) )
) ) ) . ) this research aims to mine, extract, and classify
improve operational efficiency and decision quality ) }
) ) ) ) ) [T-Support-Task: IST concepts, particularly salient
across domains such as retail operations, industrial . .
) ) ) IST concepts, from consecutive daily IT-support
process measurement, higher-education analytics, _
o ) o ticket reports generated by the help desk of the
and online information credibility assessment . ) ) )
computer center at Dhurakij Pundit University:

DPU, Thailand.
According to Paramesh et al. (2018), an

(Aun-a-nan & Meesad, 2020; Pakamwang et al.,
2020; Sutta et al., 2025; Thimsanthia & Soemphol,

2025). [T-support ticket represents a single user request

Most previous studies on data-driven  or technical issue submitted through a request

information systems have focused primarily on
structured data or tabular entities, without considering
attributes containing textual descriptions as unstructured

data. In general, textual-description data provide
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message or document that requires attention. In
this study, the ticket is logged by help-desk staff
without pre-selecting a request category. The
daily IT-support ticket report records all tickets




logged each day, where each ticket contains an
[T-Support-Task description or detail represented
by an IST concept.

The classification results of the extracted
IST concepts, particularly salient IST concepts,
are aggregated each day and used to generate
graphical representations of daily task loads. Each
task load represents the total number of classified
salient IST concepts that require a person, team,
or system to handle within a specific period. A
request document typically contains several
explanatory sentences or Elementary Discourse
Units: EDUs. Among these, one key sentence or
EDU represents the salient concept of the request
message. An EDU is defined as a simple sentence
or clause (Carlson et al., 2003).

In general, the IST concepts include tasks
such as setting user accounts, software installation,
configuration, troubleshooting, maintenance, the
repair of computer systems, network support, and
documentation. Several tickets of users are collected

into Ticket which is a ticket entity (or a ticket table)
consisting of the following attributes or features: TID:
Ticket Identification, date&time Request, Request-
Detail (the request document recorded by help-desk
staff based on calls from end users), Responsible-
Worker, Start-Time, End-Time, Task-Time (the
amount of time between Start-Time and End-Time),
Status (finished or pending), and Comment. Thus,
Ticket contains a set of collected ticket instances,
{ticketj} where j=1,2,..,numOfTicketinstances; i.e.,
numOfTicketinstances is 1700 tickets.

The daily IT-support ticket report therefore
contains multiple ticket instances, each including a
request notification document in the Request-Detail
attribute/feature that describes IT-service concepts
including IT-problem concepts. In addition to Ticket,
a ticketj.Request-Detail feature value (which is a
content value from the Request-Detail feature
of a ticketj instance) contains one or more EDU
expressions describing event concepts as shown
in Example 1.

Example 1: The ticketj.Request-Detail feature value has the IST concept EDUs in EDU2-EDU4 with the

salient concept expression on EDU2 as “be slow(computer)” where the [..] symbol means an ellipsis.

EDU1: “ﬂayﬁamaiﬁ%’agwaaﬁn75mu::/A Computer is used by the faculty secretary”

EDU2: “mau491/The computer slows down.”
EDU3: “ﬂaqé’awyuwyuﬁhere is a spinning circle”

EDU4: “ [Nﬁ@]?/i%lﬂZi/’WM/T he spinning circle] keeps spinning.”.

The EDU occurrences in Examplel are based on the following general Thai linguistic pattern after

stemming words and eliminating stop words:

EDU 2 NP1VP| VP | NP1
VP> Verb NP2 | Verb | Verb Adv

Verb = Verbweak Nount | Verbstrong | Neg Verb | Verb Neg | Verb...Neg
NP1, NP2 = Noun2 | Noun2 Phrase; Phrase 9Adj| adjectivePhrase | prepositionPhrase

Verbweak = {‘éﬁu/be’, ‘Whave’}

Verbstrong%{‘ﬁﬁ)ﬁ]%/instal U, ‘au/close’, “w1/beSlow’, ‘Gn/connect’, “t97/access,login’, ‘%gu,aaﬁ /present’...}
Nounl = {‘a/color’, “41d84/sound’, “Ldeas/noise’, ‘nIn/image’..}

Noun2 9{‘ﬁaﬂﬁﬂtma§/computer’, ‘Z‘inﬁ)w)af/projector’, ‘areual/LANcable’, ‘a99/screen’ ...}

Neg=> {“la/not’, “laile, L, Zi/iﬂ/not’, “Lila/cannot’ ..}
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where NP1 and NP2 are noun phrases;
Nounl and Noun2 are the noun concept sets
of properties and computer-hardware respectively;
Verb is a verb term consisting of (1) a strong
verb concept set (Verbstrong) of the action
concepts and (2) a weak verb concept set
(Verbweak) plus Nounl to become the action
concepts; Adv is an adverb concept set; Adj is

an adjective concept set.

Thus, the ticketj.Request-Detail feature
value is represented by its salient concept. The salient
concepts of the Request-Detail feature values from
the Ticket instances are then categorized into four
task-concept classes/groups on expertism; (1) an
IT-task concept class (called ‘IT-Task’) handled
by an IT expert group in software installs and
supports hardware, troubleshoots applications,
and carries out user account management, (2)
a network-task concept class (called ‘NW-Task’)
handled by a network expert group in network
security, i.e., firewalls, and VPNs, Wi-Fi management,
server maintenance including emails, and file
storage, (3) a mixed-task concept class (called
‘Mix-Task’) handled by both an IT expert group and
a network expert group, e.g., a finger scan error
which involves IT-Task and NW-Task in updating
a finger scan data through Wi-Fi accounts, and
(4) a miscellaneous-task concept group (called
‘Mis-Task’), e.g., fixing classroom instruments
(projectors, speakers, and microphones) and
parameters, handled by a computer technician
group.

Thus, our research consists of three main
research gaps: (1) how to locate and determine
IST-concepts from EDU occurrences with some
Noun Phrase: NP ellipses in the ticketj.Request-

Detail feature values, (2) how to extract the
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salient IST-concept EDU from EDUs narrating the
IST concepts in each instance of ticketj.Request-
Detail feature value, and (3) how to classify the
extracted salient IST-concept expression of each
instance into the following four task-concept
classes: IT-Task, NW-Task, Mix-Task, and Mis-Task;
with some ambiguous task concepts. For example,
an install software task may be classified either as
[T-Task (for operating systems such as Windows)
or as Mis-Task (for application software such as

Microsoft Office or a web browser).

The classification results of the extracted
salient IST-concept expressions are useful to represent
the daily task load of each class graphically using
the test data from the ticket dataset or the ticket
table (Ticket). The daily task-load presentation
enables a manager to detect patterns, such as
recurring peaks on certain days and supports
human resource management in planning or
reallocating resources.

Previous studies on task/task-concept
determination or classification have relied on
machine learning techniques based on noun
phrases, verb phrases, or sentence expressions
(Al-Hawari & Barham, 2021; Diwanji et al.,, 2020;
Huang et al., 2013; Lin et al,, 2018; Paramesh et al,,
2018; Pawar et al., 2021) without concerning the
salient IST-concept EDU expressions with some
noun phrase ellipses. To approach these problems, we
develop a framework which combines a machine
learning technique with the linguistic phenomena
to determine/extract and classify several EDU
expressions with the salient IST concepts. We
then apply the following request-verb concept
set (Vr), collected from the corpus behavior study,
to locate each EDU occurrence as an IST event

expression.




V, = {‘Gaav/install’, ‘au/fail’, ‘li+oen/not+show, not+appear’, “tUa+lule, 1Un...+1uls /not+open,

not+switch on’, “W+lald, 197...+14le /not+access’, ‘¥in/break’,’ a1/ freeze’, ‘d+a/have+color’, 10U

+a/be+color’, “l+i+ide9/not+have+sound’,...},

We also use a relatedness value (r) Guthriee
et al. (1991); Pechsiri and Piriyakul (2016) between
words in a word-Verb cooccurrence (called ‘wrdVCo’)
derived from two-word sets, v, and Wrde (a co-
occurred word set; Wrde, = Noun1 U Noun2\U
AdvU Adj), within an EDU occurrence that contains
an IST event expression with an IST concept based
on WordNet (Miller, 1995). After stemming words
and eliminating the stop words of an EDU expression,
the wrdVCo expression consists of wrde and v,

forming a v, wrde, cooccurrence where v, €V,
wrdeo € Wrd.,; and wrds is also a head noun of
NP1.If NP1 ellipsis occurs, wrdco is the word right
after Verb or V. In addition, each wrdVCo expression
with the higher relatedness value of r (v,, wrdeo)
between vr and wrdc, is collected into a wrdVCo
set (called WVG; see subsection (2) in the Methodology
section). We then propose using V, and WVC to
identify and extract each v, wrdco pair as wrdVCo
representing an IST concept from each EDU in the
ticket;Request-Detail feature value.

According to the corpus behavior study,
together with the general rule that salient expressions
are often articulated in the opening sentence of
the document (Hassan & Mihalcea, 2011; Whiteley,
2024), the ticket;.Request-Detail feature value
typically contains the salient IST-concept EDU
occurrence within the first EDU of the sequence of
EDUs explaining the IST-concepts (see Examplel).
Finally, we apply supervised learning techniques,
e.g., Support Vector Machine (SVM) (Cristianini &
Shawe-Taylor, 2000) and Multi-Layer Perceptrons
- MLPs (Haykin, 1999), to classify the extracted
salient IST-concept EDUs in the ticket;.Request-
Detail feature into the IT-Task, NW-Task, Mix-Task,
and Mis-Task classes. The classification results of the
extracted salient IST-concept EDU classes from
the Request-Detail feature values—including the

date&time_Request feature values and the Task-
Time feature values—are then used to represent
the daily task loads of the IST-concept classes
graphically.

The rest of this paper is organized as follows:
related works are discussed in the Related Work
section, our methodology is described in the
Methodology section, the results and discussion
are presented in the “Results and Discussion”
section. Finally, the conclusions are presented
in the Conclusions section.

Related Works

Most of the previous research studies
attempted to mine, extract or classify the task
concepts from email/chat requests or ticket
descriptions for information services. Paramesh et
al. (2018), constructed a feature vector of a ticket
instance from the ticket description in English using
a Term Frequency-Inverse Document Frequency:
TF-IDF weighting scheme without considering the
NP ellipsis and the salient concept. The feature
vectors from 10742 ticket instances with 70% of
tickets used as a training set and the remainder
were used to test various classification models
based on three ensemble methods, i.e., Bagging,
Boosting and Voting ensemble methods along with
some base classifier models to build the classifiers.
The Fl-score results of all the ensemble classifiers
were better than the corresponding base classifiers.
Huang et al. (2013), worked on request-document
categorization to analyze internal service requests
in Chinese by employing Naive Bayes: NB, SVM
and ID3 without concerning the salient concept
to solve the document delivery error. The corpus
with the part-of-speech annotation consisted
of 950 labeled request sentences to learn five
classes. The average Fl-score results were 0.56,
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0.59, 0.52 for NB, SVM, and ID3 respectively.
Lin et al. (2018), worked on the email recipient
action classification with RNNs from an English
corpus of 399 emails and non-email messages.
They employed action-based annotation for
word embeddings including Bag-of-Words as an
encoder. They reparametrized RNNs outperform on
the task classification with an average F1-score of
0.32. Al-Hawari and Barham (2021), classified ticket
messages to assist users in selecting the right service
where each message was a concatenation of title,
description, and comment. SVM was applied with the
TF-IDF feature vectorization without concerning the
textual concepts and the NP ellipsis in classifying
the messages with the 81.4 % accuracy on 331
test tickets and 1254 training tickets. Diwanji et
al. (2020) worked on identifying tasks or requests
from the 1,000 emails based on verb phrases
with task labels from an Enron corpus and chat
corpus with 114 dialogues with 300 sentences.
They proposed dependency parsing and VerbNet
to identify verb phrases for task classification by
employing Recurrent Neural Network: RNN without
concerning the salient concept. Their methodology
F1-score results were 0.80 and 0.89 for the email
and chat corpus respectively. Pawar et al. (2021)

proposed two techniques: using linguistic patterns
and a BERT-based supervised neural model on the
head words, for task extraction of either VPs or NPs
without considering the salient task concepts. The
corpus consisted of 19268 sentences for training
and 1869 sentences for the test with average F1
scores of 0.46 and 0.56 for the linguistic patterns
and BERT respectively.

Thus, most of the previous works (Al-Hawari
& Barham, 2021; Diwanji et al.,, 2020; Huang et al,,
2013; Lin et al,, 2018; Paramesh et al., 2018; Pawar
et al., 2021) focused on mining/extracting/ classifying
the task/request concept from the texts without
concerning their salient concepts with some NP
ellipses.

Methodology

There are five steps in our framework:
Corpus Preparation and Annotation, Relatedness
Value Determination and Collection of WVC
having IST Concepts, Extraction of Salient IST
Concepts, Salient IST-Concept Class Learning,
and Determination of Tickets’ Salient IST-Concept
Classes (see Figure 1).

Corpus Preparation and Annotation

e I

v

WordNet, Lexitron

Relatedness Value Determination and
Collection of WVC having IST Concepts

Extraction of Salient IST Concepts
from Tickets” Request Documents

v

WVC Set with IST Concepts

v
e —
Learning Model |«

v

Salient IST-Concept Class Learning

Determination of Tickets” Salient
IST-Concept Classes

-@’ Salient-IST Concept Classes

Figure 1 System Overview
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1. Corpus Preparation and Annotation

This step involves the preparation of an
EDU corpus collected from the ticket instances
on the ticket;Request-Detail feature values (=1, 2, ..,
numOfTicketinstances) as the task request documents
in the consecutive daily IT-support ticket reports
of the help desk at the DPU computer center.
The step involved using Thai word segmentation
tools (Sudprasert & Kawtrakul, 2003), Named
Entity recognition (Chanlekha & Kawtrakul, 2004;
Tongtep & Theeramunkong, 2015), and EDU
Segmentation (Chareonsuk et al., 2005; Ketui et al.,
2013) to provide the 4500 EDUs’ corpus from the
Request-Detail feature values of 1700 tickets. The
tickets were separated into three parts: 350 tickets
(911 EDUs) on the Request-Detail feature for the
corpus behavior study; 250 tickets contained the
corpus annotation on the Request-Detail feature
(see Figure 2) including stemming word and stop
word removal to determine the relatedness value
r(v, wrdeo) used for the WVC collection from the
Request-Detail feature values of this part; and
1100 tickets (2860 EDUs) on the Request-Detail
feature values were separated into two parts: one
part was used to learn the salient IST-concept
classes, and the other part was used as the test
data to extract the salient IST concepts through

the salient IST-concept classification

2. Relatedness Value Determination and Collection

of WVC having IST concepts

After stemming words and eliminating
stop words, the relatedness value (Guthrie et al.,
1991) was applied in this research to indicate the
relatedness value (see equation (1)) between two
sequent words without the word-order consideration

on the ticket;,.Request-Detail feature values

(ja=1,2,..,numOfTicketsForCorpusAnotation which
is 250 tickets of the second part) with the following
tags, Vras a v, tag, Wco as a wrde tag and WV-Co
as a wrdVCo tag having an IST-concept class as a
positive/negative concept class on the annotated

corpus (Figure 2).

fv, ,wrd,,
er +filvrdco _fvr’wrdco

(1)

(v,,wrd,) =

where (v, wrdco) is a relatedness of wrdVCo
with the IST concept. fv, is the number of v,
occurrences. Fwrd., is the number of wrdeo
occurrences. fv, wrdeo is the number of v, wrdeo

co-occurrences without the word-order consideration.

If a v, wrdeo co-occurrence has the IST
concept, the relatedness r(v,, wrdco) value is the
positive concept. Another relatedness value of the
same v, wrdeo co-occurrence is the non IST concept
as the negative concept. Thus, the wrdVCo expression,
v, wrdeo , is collected from the annotated tickets
of the ticketj,.Request-Detail feature values into
WVC if the relatedness r(v,, wrde,) value of the
wrdVCo expression with the positive concept is
higher than the one of the wrdVCo expression
with the negative concept. WVC is used for mining
or extracting the salient IST concepts from the
ticketje.Request-Detail feature values (je = 1, 2,
..., numOfTicketsForSalient ISTconceptsExtraction
which is 1100 tickets).

3. Extraction of Salient IST Concepts

The salient IST-concept Extraction from
the ticket;..Request-Detail feature is shown in the

following algorithm.
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Figure 2 Corpus annotation of the IST concept on the Request-Detail feature values with a wrdVCo
tag (named “WV-Co”) including a wrde tag (named “Wco”) and a v, tag (named “Vr”). If there is a

negation (‘not’) in a verb phrase, the negation is added to the Vr concept.
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Algorithm: Salient IST _Concept Extraction

// Process each ticket instance

For je = 1 to numOfTicketsForSalientlSTconceptsExtraction

Begin For

L= the number of EDUs from ticket;..Request-Detail; ct=0; flag=0;

While (ct<= L) and flag=0 do
Begin_WhileLoop

//According to EDU, check Verb as an element of the V, set and

// check an NP1 head noun or a word right after Verb as an element of the Wrd, set

If (ticket;..Request-Detail. EDU..Verb€V,) A
(ticketjo.Request-Detail.EDU.headNounOfNP1 € Wrd.,) then
Begin_If wje,ct = ticketi.Request-Detail.EDU..headNounOfNP1; flag=1

End If

Else If (ticket,,.Request-Detail.EDU .Verb € V,) A
(ticketjo.Request-Detail.EDU.wordRightAfterVerb € Wrd,) then
Begin_Elself wj ¢ = ticketj..Request-Detail.EDU.wordRightAfterVerb; flag=1

End_Elself
If flag=1 then

Begin flag is true

Viect = ticketjo.Request-Detail.EDU,..Verb;

If ticket;o.Request-Detail.EDU.VP contain “lai/not’ then Viect = ‘NOU+ Vig s

It Viect Wieer € WVC then

ticketj..Request-Detail. EDU.wrdVCoSalient = Vi ot Wie ¢t

// an EDU with wrdVCo concept as an EDU, with salient IST Concept

Else flag = 0;
End flag is true
Ct++
End_WhileLoop
End For

Return ticket),

4. Salient IST-concept Class Learning
According to the Salient IST Concept
Extraction algorithm, there were 1060 tickets as the
correct extraction of the ticket;..Request-Detail. EDU.
wrdVCoSalient contents with salient IST concepts
from 1100 tickets. The 1060 tickets were then separated
into two parts, (1) one part of 670 tickets as ticket;

(jl=1,2,...numOfTicketsForl earningClasses) containing

1740 EDUs of the Request-Detail feature values with
670 salient IST-concept EDUs with wrdVCo expressions
for supervised learning the salient IST-concept classes
(i.e., [T-Task, NW-Task, Mix-Task, and Mis-Task) and
(2) the other part of 390 tickets as ticketjt (jt=
1,2,.., numOfTicketsForClassifica- tionTestSamples)
containing 390 salient IST-concept EDUs with wrdVCo

expressions on ticket;.Request-Detail to become
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the test sample. In addition, the learning part of
the extracted wrdVCo expressions is based on
10-fold cross validation by using Weka (Bouckaert
et al,, 2016; Hall et al., 2009) with the following
SVM and MLPs.

SVM learning (Cristianini & Shawe-Taylor,
2000) with the linear kernel: The linear function,
Y=f{x), y is a binary vector, of the input x = (x...
Xp) assigned to the positive class if f(x)=0, and
otherwise to the negative class if f{x)<0, can be

written as follows:

~

f(x)=<w.x>+b (2

=Zwkxk +b

k=1

where: x is a dichotomous vector; w is
a weight vector; b is a bias; and (w,b) € Ry xR
are the parameters that control the function.
Regarding our learning samples, SVM is applied
to determine that the combination between Vr
and Wrdco is used to predict the ticket concept
classes, particularly the salient-concept classes.
The SVM learning then determines w; and b
for v,.. (c=1,2,.,numOfVrElements) and wrd.,4
(d=1,2,..,numOfWrdElements) features or variables
(xp) in each v, ;wrd.,.q pair with either the
positive class (ISTConceptClass, y,=1; u = 1,2,..,
numberOfTestSamples) or the negative class
(nonISTConceptClass, y,=0) which relies on the
One-vs-All techniques and the supervised learning
instances.

MLPs: According to Haykin (1999), Artificial
Neural Networks (ANNs) are composed of neuron-
like units connected together through input and
output paths that have adjustable weights. Each
node (neuron) produces an output signal, which
is a function of the sum of its inputs. The function

is formulated in equation (3).

Vi =f(2kak) (3)
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where wk represents the weight, x; is the
input feature or variable of the input node.
There are two input nodes of v, » wrde,_q
(c=1,2,..,numOfVrElements; d=1,2,..,.numOfWrd
Elements) from EDUs with the salient IST concepts.
£(-) is the activation function such as a sigmoid
function, and Yy is the output of the kth node.
MLP consists of an input layer, hidden layers,
and an output layer which produces the output
pattern/class. At the output layer, there are four
nodes of different classes: IT-Task, NW-Task, Mix-
Task, and Mis-Task. Thus, MLP applied in determining
the salient IST-concept classes is based on the
binary classes with multilevels since the activation
function is generally a binary-value function (either
0 or 1). Each layer includes a different number of
processing nodes. The net weighted input can then
be solved by equation (4) where n is the number
of neuron inputs, 491 is the threshold value of the
neuron at thejth node in the hidden layer, and
the number of hidden layers p=2

Y; (P) = Zzzlxk (l?)ij (p)—é?j (@)

5. Determination of tickets’ Salient IST-concept
Classes

SVM: The salient IST-concept class of
each ticket from the test samples (ticketjt.
Request-Detail.EDU.wrdVCo) containing the TID
feature and the v, wrd.,.4 pair on the salient
IST-concept EDU is determined by the weight
vector (w) of all v,.. and wrd,,_q variables from
the learning step. w;, and the bias obtained from
the SVM learning are used to determine the v,..
Wrd,,_q pair with the IT-Task, NW-Task, Mix-Task,
and Mis-Task classes by Equation (3) based on
One-vs-All. If f(x)=0, the v,.. wrd,,.4 pair with a
positive class (ISTConceptClass), otherwise the
negative class (nonlSTConceptClass) occurs.

MLPs: The weight w from learning the
following classes, IT-Task, NW-Task, Mix-Task,




and Mis-Task, from the previous step is used to
determine the salient IST-concept classes by
equation (4) from the wrdVCo expressions (v,
wrd.,.q pairs) on the salient IST-concept EDUs
of the test samples (ticket,.Request-Detail.EDUL..
wrdVCo, including TID).

Results and Discussion

Three evaluations of the proposed research
were conducted by three expert judgments with
max win voting: the first evaluation is the IST-concept
EDU determination: we determined the IST-concept
EDUs from the test sample by Vr and WVC, where
the test sample of 390 tickets contained 995 EDUs
of the ticketjt.Request-Detail feature values having
923 IST-concept EDUs. The second evaluation is
mining or extracting the salient IST-concept EDUs:
we could extract the salient IST-concept EDUs
of the 1100 tickets with the correct extraction
of 1060 salient IST-concept EDUs on the ticketjt.

Table 1

Request-Detail feature values by using the rule
(based on the corpus behavior study). The third
evaluation is the salient IST-concept classification
from the test sample by SYM and MLP. The three
evaluations are based on precision and the recall
(see Table 1).

Since most of the documents on the
ticke;.Request-Detail feature values (j=1,2,..,1700),
which are short notes recorded by help-desk staff
based on calls from end-users, words are omitted
until only the verb remains (after stemming word
and stop word removal) causing low recall in
the IST-concept EDU determination as shown

in Example 2 (the [..] symbol means an ellipsis).

Other than the word ellipses, there are some
ticke;Request-Detail feature values containing two
salient IST-concept expressions on two EDUs, e.g.,
EDU1 and EDUZ2 in Example3, which results in the
low recall of the salient IST-concept extraction
(or the salient IST-concept EDU extraction)

The accuracy of extracting the IST-concept EDUs and the salient IST-concept EDUs, and classifying
the salient IST-concept EDUs

Evaluation Precision Recall F1-Score
IST-Concept EDU Determination 0.985 0.941 0.962
Salient IST-Concept EDU Extraction 0.980 0.960 0.970
Salient IST-Concept Classification by SVM 0.896 0.859 0.877
Salient IST-Concept Classification by MLP 0.940 0.856 0.896

Example 2 EDUL: “[(§l9/user)/Noun)/NP1] (4Un/open)/Verbsyom, (PDF [way/file])/NP2)/VP”
(“[The user] open a PDF [file].”)
EDU2: “(uaa/then)/conj [(PDF lwa/PDF file)/NP1] (489/pop up)/Verbsions”
(“[the file] is then popped up.”)
Example 3 EDU1: “¢ [gﬁ?ﬂ WQLU?UULJ/?Z»"{/[The user] requests to change the mouse.”
EDU2: “Lmugéﬁaﬁwuumymlﬂﬁhe Google toolbar has completely disappeared.”
EDU3: “ [5/7’2}‘]5/1‘17/77832521/2629/[ The user] can’t search for anything.”
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One reason for the low recall in salient IST-concept
classification by both SYM and MLP is the non-mutually
exclusive characteristic occurrence, e.g., the software
installation task without mentioning the particular
software—for example EDU: “ Fassmensiuas iielslu
91useyl/Install software for use in the meeting.”.
Some software installation events, such as Windows,
belong to the IT-Task class, while others, such as
WordNet, belong to the Mis-Task class. According
to Diwaniji et al. (2020), their F1-score results of
classifying or identifying tasks or requests from the

email corpus and the chat-message corpus based

on parsing and VerbNet in RNN classification were
0.80 and 0.89 respectively which rely on several
sentences’ verb phrases per instance, which is
time consuming whereas our method is based on
one salient IST-concept EDU per instance/ticket.
Since MLP achieves a higher Fl-score in salient
IST-concept classification than SVM, the MLP
results of the salient IST-concept classification
are used for the daily task load representation

as shown in Figure 3.

Figure 3 The daily task loads for [T-Task, Net-Task, Mix-Task, and Mis-Task from January through February 2024.

The average task times of the Task-Time attribute per ticket during this period were 68.66 minutes,

66.61 minutes, 37.06 minutes, and 37.34 minutes, respectively. IT-Task shows the highest load during

this period, while Mix-Task has the lowest load.
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Conclusions

This research applied word-co expression
(wrdVCo) based on v, and wrd_, to mine and
extract the salient IST-concept EDUs to represent
the salient IST concepts of the corresponding
Request-Detail feature values in the Ticket entity.
The extracted salient IST-concept EDUs were classified
by SVM and MLP under supervised learning for
the graphical representation of the daily task
loads. The limitations of our salient IST-concept
extraction are as follows: (1) one salient IST
concept must be expressed within a single EDU
occurrence, and (2) v, wrd_, represents wrdVCo
after determining the relatedness value between
two sequent words within EDU(s) of each Request-
Detail feature value where wrd__ serves as a head
noun of NP1; and if NP1 ellipsis occurs, wrd is
the word immediately following v,. The salient
IST-concept classification of the Request-Detail
feature value for each ticket entry relies on 2-3
words of the wrdVCo expression as the element
of WVC. In contrast, the previous researches—such
as Lin et al. (2018), which used Bag-Of-Words and
RNN to classify emails, and Diwaniji et al. (2020),

4

which relied on Lin et al. (2018) and used verb
phrases and RNN to classify tasks from emails and
chat messages —shows that both BoW and verb
phrases affected the time it took to determine
or classify each task class, even though their
F1-scores are comparable to ours. Moreover, our
graphical daily task-load representation can be
applied to resource optimization and enable better
decision-making in scheduling and workload
balancing. With regard to Hee (2018) and Pechsiri
et al. (2025), our methodology can be applied to
several languages, particularly in Asia, e.g., Lao
and Chinese, which have similar characteristics
to the Thai language, e.g., noun phrase ellipsis
and a lack of explicit sentence or word delimiters
which affect computational tasks to handle the

textual data effectively.
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Abstract

This research aimed to develop and design a tofu stirring blade for the tofu molding stirring process,
in collaboration with a soybean processing company, to address the problem of manual stirring,
where operators were required to wear gloves and stir the tofu directly in the tank. The amount of
tofu residue remaining at the bottom of the tank after stirring was required to be less than 1 kilogram.
This research developed three stirring blade design concepts that were consistent with the operating
principles and compatible with the factory’s existing stirring machine, to make the molding stirring
process faster, easier to operate, controllable by a single operator, and to improve hygiene standards
in the production line. Engineering analysis employed Computational Fluid Dynamics: CFD simulation
to compare the flow patterns of the three stirring blade concepts under conditions in which the
blade was installed at the center of the tank, 2 centimeters above the tank bottom, and operated at
rotational speeds of 90, 100, and 110 rpm. Flow velocity, shear stress, and torque were considered
together with strength analysis. The analysis results showed that Concept 2 provided the most suitable
flow pattern. A prototype was then fabricated and tested in actual production for 10 tanks. The test
results showed that the amount of tofu residue remaining at the bottom of each tank was less than
1 kilogram, and the tofu texture met the factory’s standards. Furthermore, the accumulated stirring

time was reduced by 102 seconds compared with manual stirring.

Keywords: Tofu agitator blade, flow patterns, CFD Simulation, mixing efficiency
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MsgeNLULLIARENFIINMTIATEiTULLIY
vasluniu et lugniseenuuunassimurluniu
dwsunszuaunsnandlitinaunimasiaue Tng
Gonldaunuaainsn 304 Fuduiagninemsid
ANUNUMIUABNITARNTBULAZ NN T AU DN TIHY
Auguanuy dnvazveslunuiunuimdidgyse
fiananislnavesindfnieluiaioniu Sedawa
Tnensasonszuaunstugudny deduisdesnuuy
wwIRnlunIuII 3 JUkUY Asandlunin 2

() (m)

A 2 () wwIAa? 1 lundusnuuukuuangandes (1) wudde?l 2 luntudiuuuwuy Helical Ribbon

(A) WWIAAT 3 TUNIUATUUULUU Anchor
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wuaAad 1 lunuwuvangandes daandly
A 2 (n) Tnednsingguuluniuiiaiiunisivaves
YDIVAILBLYILAANITALAUVDININALNDU

wuaAad 2 Tuniuwuu Helical Ribbon fauana
Tunn 2 () Ingdaawiulunisandgyminisuentuves
AunNaLLarannIsNAUSHMSUNIS e (dead zones)

wAA7 3 TunIukuy Anchor AduwaaslunIw
2 () lnedigaiulunisiigannisinisAnvesdunay
a % al o Y a @ v
UsvaUn kaziinsusuynlunulviideadndee
Wiadaasunshraluwulknu

3. N15USHUIgUNANISINAD

Tunsimuadoulvdmiunisdraeduniu
fvualiluniufadnguinuiinasdiazegss
nduds 2 wufues e muaanusiseuvediy
nauld 3 szeiu 18uA 90 100 waz 110 rpm wenani
Avsilsiaumuutures iU 1,000 ke/m?®
Fsamnsarnalsnaunisd 3-1 vasfiannmuda
Bayuvesluniu Aranudrduinsvedluniu uay
Aussiunsindeufivesluniu asnsadaldann
AuN13T 3-2 3-3 uar 3-4 MUY il AreLEY
BouuazussdaiiAatululuniudesliifuiiaga
WALLAALNTA 304 anu3asesfule Tnvaunuaansn
304 @111305ULIIRIE9AR (tensile strength) 1df 118
MPa (Masuda, 2007) Bnvsdarnmuslianuianis
Ivaeglutas 0.15-0.35 m/s Lilelidrunananungn
nsznedldegeii

dmdunisaarnissiaesdasae i
Tilasumslvanseuaguusinesvesiidgnigluds
wmauazldnntne (mesh configuration) FurauLUY
naufifinisusunntavBennnz Ui lneuuusiass
F91uUweaIMUTEUINM 2.5x105 9 4.0x105 1wad
wazifiumuasiBunveantieuinaialuniu wils
1 wavdeainsenindluniuduiuds Welfauise
AMwnnsUasuslamesnnnudiuaranuduidou
gaghamingay ludruveaioulaveuwsn (boundary
conditions) Avualvndedanaziiluniuduuuuly

auloa lumumyudeanuiiseuasiinudoulyi
favun waztnualiRivuveseslnaduinled
ATUUSTENNA YalETian iz Suduiualivesina
ma‘l,uﬁ’wqmﬁqriauﬁlmwsmu vt \NINTgINve3
AMOU (convergence criteria) ARUAINAIAAINA
\AsuATEsvetaLnIsAaLlotaraun sl Ry
THin91 10-4 S UN13RTdeUI ArALSIaAe
uwsedn wazaududeuiinsidsuudadliiu 19
sEuIgseuNsAIwInseLies weldiulaiinans
Paeslianysnniazinesned1usunisiusouliiay
aussouzveslunIum 3 uwadn

m
= (1)
£ V

Wo P = Aeuvuiy (kg/m’)
m = 1ave9v8lua (ko)
v = Ysumsveswesiua (m?)

—_— (2)
60
de @ = Anusudayu (rad/s)
n = anusIseu (rpm)
V =or (3)
do V= eavwidaduing (m/s)
@ = ANUENTY (rad/s)
¥ = 5Adl (m)
1 2
F, = ECdPAbV @

gl Fy = useiumsiadeulm (N)
p = aanuvuku (ke/m?)
Vo = anusmnsivaidady (m/s)
C; = AduUssansusadnuy

Ay = WuiABEs (m?)
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NABWS VDI9UIY

1. HAANSN159180IN T INAKAZ IATIZRANULD LT
va9lUNUANS 3 UUIAn

INUUUIRIASnmansTdUSsuiioy
Tunusha 3 wwane & ALEasaU 90 100 way 110
rpm wudnluniuwsiaz UL uudIRadong AnTIUNIg
nauweniudfunndnaiy fauandunini 3 dai
EuanNmesANEILadun1anslya (streamlines)
flgannsieszilagldaunisi 3-5 lunisdadeon
Tumuitfirumngauian wleliiulainniswasiin
Fuognahimasnusinasneluds Inglideliannis
ANAZNOUSBNTLENTY InawindnTdlunsinsizet
ﬁqﬁmmﬂmﬂmmmauﬂqmaqmim?{auﬁmmLéf’]ﬁ
aglugs

e Rejy, = 1aaLsgluan (Reynolds Number
for Agitation)

p = anunuinuuvesvedlia (ke/m?)

V = anusanmsivaldadu (m/s)

D = durugugnarsvedluniu (m)

U

ANuntinvasvadlua (N-s/ma2)

wamﬁmeﬁLLUUfﬁwaaam{lma“uaqﬁwLéhﬁ
neldanusiseuluniu 3 seau uwanslidiuinuuifn
i 2 Tsuuuunisiva (flow pattern) Afiuszansam
'sjjaﬂdwLﬁaLU‘%&JULﬂ&JUﬁULLmﬁmSu \esananuise
ylsinslvavesiuiaseunauuimnsneludsld
sgasalflotaradnanendt annsiausnasunis
Tnauazanuwltunsuenduresdiunadldani 8n
fagstagmaunauuinuiudadignisgudeuld
agnaiiszAn NN dau Saivusliuufnd
2 Wudunuundndmsunisiauuazasiaaieadng
sunuuluanudald
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\WeatuayunanTiaTIzidanann Fale
NATUINANITIATITTIUTUIUALTEAUAIISD
59U WU31 finnuidaseu 90 rpm Tunaufiaanudy
\dougean 4.20 Pa fussdandefiAntululassadig
Tunau 0.037653 N-m LLazﬁﬂLé’wﬁﬁmmﬁamﬂm
Wiy 0.098079 m/s drufinnuiseu 100 rpm Tu
nuilanududeugsgn 4.93 Pa flusedaladeiiin
Fululassadrcluniu 0.045673 N-m LLazﬁﬂLﬁwﬁﬁ
anusansiviaeds 0.104713 m/s vaiEfiniusy
58 110 rpm luniuiauiAuougedn 5.75 Pa i
wselnadeiintululaseadrsluniu 0.051582 N-m
wazthudgiienuisimslvaiade 0.115676 m/s

dlefinsanludanamansvaalng wualdy
Fananazeuliifiuin Weaudseudiaty luniu
annsnmevealuuduliuiiidwlduntu dwa
Tanuianisiwaedonsludufisdunuddiv uay
Froiadunainnsinanyuisuiinseunquuiung
vowadlnalduniy vasieaty Aanududeu
Afudulsdinnsuanasuusssswinadaluniusu
vadlnaiirnuduiu Fudesdonisnszaedivesdiu
nanwazanlontaniIsiiausuoun1sinanigluds
agnslsfiny nsfistureussdandeuiudasiou
fansnidanafigatuselassadisluniu dsduniaiden
amwmﬁmuﬁL‘vmwau%qéfaaﬁmaamnmau@a
FEMINANUANTAUNTEINITIanyUIEUY N15H
drunanusnanuiuign ey uaztedninau
ANuLdaussvadlasaasisluniusiuiu

YBN9NE A 4 uansranTIAs Ll
yourulsiliussnounsiiansanaussauzvasluniu
wwaRnd 2 Teun Annudivedlina Anududou was
useln lnumAniosay 57 33 uay 10 uansdnaiuuwualiu
Fuimsvesanudivedlua AnuAudou wazussln
Audy WeRiansansaufunudn anudivedlua
\utladeifdndrusiuianlunsasyioutssansam
151U 5098930 fe ALAWEeU vazfiusedad
dadausiigeluyndoyadanan




Turauginnn 4 wanawuluuduAmsvaesiwls
PlUszuansTaULaIlUNIULUIAAT 2 AN 5 WEA
AN9N5EAYAIVIAMULA ULRBUNARTUUUTUNIY

a a o 2 < [ 2 1
LURARLAEINUAETAAINNSITEU 3 S¥AU tawA 90
100 waz 110 sousiau? Ferelmiusiiuniakay

dnwazmsiasuulawesnnuidudeuuilasaing
TumuldegsdnuBsiu efinnsansiuiunudy
a4 Wideyawsasulunmsiuvesiuildudiuys
vurfinm 5 uanaTsazdenideiufivesnundu
\douitatiuayunanisinseiidsUiinusng

A 3 nsbravensilleluniwaiounisieninuda (n) 90 rpm (v) 100 rpm waz (A) 110 rpm lagnuneiay

LAAIANNUBUIAAT 1 2 hay 3
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AN 4 HAANENITAATIZLUAUNYRIAIAULA LD (Shear Stress: T) Awssdn (Torque: T) wazA1133)

voslua (Fluid Velocity: V)

(n) ()

(@)

A 5 ansauideuitinduiuluniuuwuiaed 2 Wemdeuiinusa (n) 90 rpm (v) 100 rpm wag (A) 110 rpm

2. Haansn1sUsziiun1saanwuulunIuNg 3 LUIAN

MnwanITIATIEinslravostiudiLAe
nluniuiis 3 wuada Idsvuaiidediniunis
Uspidiuduu 7 4w ldun (1) dnvaznistnavenin
Wy (2) anumnzaulunisldau (3) anusanis
i (4) laseasrsluniu (5) dunulunisasnsluniu
(6) auvasadelunisldau uag (7) n1svngesnw

agUnamsUssliunnnnsssauamuRniuges
Aidenvauesuiiminuy 3 au Liledadenuiundni
Wwianzas WU uuAadl 2 Tunuiguuy Helical
Ribbon lé3uaziuuUszifiugeiian Inenanisusziiu
PiFulumuguuuud 2 farundululdlunisniu
wlieensiiuszansamanniiga
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(Y s

3. NAGNSNISAS19AULUY wazn1snagauluniu

b4

v wa :
wineanuwuulng

wadnsnsasssuuuulunIugtiooniuy
Tunuinyiivunadusugudnansgegn 300 Taduns
wazdiA1Ne17 920 Nadlns lALANYALYRIAULUY
WARIASNIN 6

HansnaFeUNMINUYessuLuulunIueg
Afiun1slaenAaeInIueNYy wazUszidunanNng
%’qﬁmﬂ'ﬂﬂ%umé\’wﬁﬁmﬂé’wﬁué’ﬁmu 10 3 vile
WisuifieuinUmandnginndsiudanasileiie
AUNSNAULUULAL 119 HANSNABULEARIN IR 1




a6 sunuuluniudnyiesnuwuulng

f1319 1

HANITNAAaUN TS UTIgUTE 19N 150 um 2gdanulyluniy

\ingg Usunavaudniifimaedus
naufaeiia (g) 1#lunau (9)

Saii 1 985 845
Saii 2 942 770
Saii 3 874 785
197 4 953 820
Sa 5 977 808
Sal 6 896 765
Sait 7 928 883
Sat 8 901 852
Sat 9 850 644
Sai 10 883 575
duiniade 918.9 774.7

Naf9ALRABsERI1eN1sNudanun1s g luntulug

144.2 ¢

4. wan1sieuiigualunsnaudilagdsnau
Y o v Yy v a a
aqeilauazniudlgluniuidniuulfad 2

mimaa‘ui‘ummé’wﬁﬁaamwﬂmﬂﬂumi
WgUgUTERINNISMIUmeiislneninauiunsniu
Tnglilunmushiiioenuunlvel Tagvihnsmusnigitas
10 61 wagtufinszozananslunIn 7 nM5Asgi

szognalunsmudnyiBuannmsnunadoyaszey
nanldlunisniuianun 10 ads kansvageunyu1
msmusheieltinanazan 702 3undi vaiimsliluniu
whifoonuuulnallfnanazau 600 3unit daduidle
AwIMEasNYasszeziaavaulunIsnIuAnY 10 69
WU anas 102 il sawanslunin 7
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AN 7 M5USeULEUSEeZna1 NG I UNITNIUAY

Y

5. NAAWSN15UTIUMEUAIRI9TIY

HANITIATIENAANYUTDINITAT1elUNIY
wimnanduyuvesluniuiiiisa 13,500
Tngszognalunisniusedadmeluniulmiegi 60
3und Aussweandhauilusiuau 2 au Wity 400
vmseause iy wasnineuiifiuszaunisalsauiu 1
A TA1919 40,000 Ui Feruranduaidng
satulauszunns 1,430 uin lssauiin1sniueng 16
fareTu wazlissernatlunisniumeileneiauseanu
70 Fundt lunseuauadrannausie 3 audmusy
n1snauMeiienadiu Arualissezialun1syinau
Wi 8 Falussietu e 480 Ul wazwinfiu 28,800
Fuft MU wiinawiludisdiseny
agfi 0.0139 vdeIud wazdiddnslunisniudle

Y

A1519 2
WeyuguTIAIA I 19N naIulun 5N U 1Y

Rofavinfu 0.973 useAuseds s findgnaudia
Uszaun15aidiandn9 0.0497 Umeeludl LagdiA1919
Tunisnmudlesadavindu 2.982 v nseAuseds Lay
sud7 Ardrdlunisniuilevesninaui 3 au An

Wy 0.0775 UmeoIudl wag 4.928 unsads

Tumnanduiu dieldlunaulug azldnidneu
wies 1 Aulunsu iR warlididudeaduniney
fifluszaunsal Fednnsslagsd@insnsen
Freveantinanuiiall dwsunisnauwdng 1 &5 wu
ﬁﬂa’]’wwﬁmmagjﬁ 0.834 U™ T34 Aty
n1snmiuilegeninnmsldluniulniey 4.094 vnsads
Fedumnldluniulnadlumsniud s 3,208 ds
sganunsnanardrantnaule 13,502 vin sgandn

S1A1UNIUN 13,500 UMM AIbEAIIUAISIE 2

=]
N13INIUND

Tunaulna

SIANANIINLNIIU 4.928 UIN/814

AU 3,298 6149 16,252.544 U

NARI95IAIAIR

SIANANNNUNITY 0.834 UIn1/84

AU 3,298 £14 2,750.532 U

13,502.012 uwn
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d3UNan1sAY

nseonuuvlunudyg weudlviymizes
nsldieniuvesmiinmuidsdedddinuzianizynaa
wazgreansuundneuiivauluduneuniswan
wasdgmiinulunssudsnisnds wWudnwaenisiva
o0y

- Y Yy wY ia a Y ] v
Mg limdewvidudalaifiu 1 Alandu dewalv

v o
a v v

Aeeniad1dIuiuly Tnenisudludieniseeniuy

WARTIMLA 3 WAAKAEYINNTUTHEULWIAR B
a a A a a A v
wwIRnFenAs wwidnd 2 laslassaiievedluniy
~ & J = D2
Mesnuuuidunuuluniu 2 Fu Tiwarvuiadusi
AudNane 26 fadwns agasanane Tagluniudiu
vufianwaziduuuu Helical Ribbon au1aLduN
AugNae 300 Fadiuns wazluniudruanswuy High
Efficiency: HE-3 vuawdusingugnans 160 dadiuns

v

N1380NKUUATNRIINYAUENINIENINYBINUAY
wazdas1iATe1A3INILIINTIY KaZHANISITE
wanslidiufsnanmageuiaasrsINgivia usede
wazanueudeululuniu Ingldlusunsu Solidworks
waRslATIu anaunuaainnuulusiwazUasnsie
aunsnsunsedanazusinseyiniintuseninemis
Haula Sﬂﬁ”’qmsa%ﬁﬂumwéﬁﬁ wagwual lunau
wilvalanunsaangnsnisiiawnynudalaats lag
ﬁﬂLaﬁamaaLﬁﬂﬁﬁuﬁqa@aqﬁq 144.2 34 wazdanuin
gUnsailifianuanansolumsansyeznalunissdeld

934 Ingldianlunisniueng 10 dv Wesndinisniu

<

v

LUUSARNE S 102 Fundl lassasravasluniunyg
HARIINALAULAALNTA 304 Feflmnuinnzaus e
nsldau dununswdngunsalegd 13,500 U
TuaurpnenaiinisusulgeauagaiIntunisldanu
ponuuvluniuluiinnuazainlunisyitaiuazen
diewiuanuazaanlunsliou vieduduludiuaes
N1590NLUUIZUUE DA DVBLASEIN W ia T e

gURMATENnI19n19ldau

aghalsfinnu snAseisadifesdauicseans
gun nsfnwsndunsnelditeulvvedlssnunsdl
Anwnfiswiadies nssraedditoulunisvieuly
4292152500310 wazn1sUssdunaldagunn
Ypanand g Tagedunasivedsenudundn J9d
LinseuagunTiizantinisleladvselasaing
ANIAVBAUATT DL 1AL

| [

Iuﬁmﬁﬂstwm'ﬁmmawaaiwuqmamﬂism

Y

wwwnINseaniuuiEuelunIdellaninsaUussand
T dusunuudmsulsanuanadnuazauinnaiaid

v o W ¥

d' %) aa
VBINMNANTULATBIVNTLLASLLIINTU Iﬂ&JLQW’]ﬂ‘uﬂ’ﬁmVI

£

FosmsuiuUssnszuunsnliiauaitasoun
T oehalsin msthlulilussdugmamnssuingiu
A5ENSANYINTVL18YUIAIASRITUIANUFUNUS
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