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nuiteiifngUsrasdifieAnuinansznurasnisuudoueynimmidndediniunsmuse
usssulninszuaadu (AC Breakdown Voltage: BDV) voundunsiouvas wazUszfiudnonnaes
oyneululnnideulasenled (Ti0,) Tunsfivauifauiu difunsiouasdyngninioumusnnsgu
ASTM D877 léud dsfuund thsfunay TiO, duuleumsn wazinsuluioumaniina TiO,
W%fauﬁy’ﬁlmwﬁsﬁauua BDV #28n154ankaskuy Weibull @83n1318Lma3 Nan1saassnyin n1sihu
Ti0, finuudidu 0.01% dreufiud BDV ¢ 11.99% (@10 74.20 kV 1y 83.10 kv) luvaszfinisuiou
ounAwEnThlsian BDV anas 51.54% (wnde 35.47 kv) etslsfinnu e Tio, Tudhiufivuiion
waN A" BDV tiuty 36.53% (1Ju 47.09 kV) uansliifiufisnuanunsaves TIO, lumsanranssnung
auRIneynAlavy NanTIATIEYINE Weibull WUt feensiinas TIO, fA1 shape parameter Uay
scale parameter gefian uaznnfegnsdlen pvalue nndszdUTedIATy 0.05 avvieufisad
ahiausuayABeiiovestoya BDV Tasagu syanauly Tio, fussavsamlunmsifiuasmumniy
saussulifinaviatiosnnvesaudfauiuvenindundowas eluannzunfuazanzuuiou
oynIAWAN Faanunsaussgndldifleriinanudefiolduazdnengnisldiuvesszvvawiuluniouas
T lunsufinlaegaditded Ay
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Abstract
This study investigates the impact of iron particle contamination on the AC breakdown
voltage (BDV) of transformer oil and evaluates the effectiveness of titanium dioxide (TiO,)
nanoparticles in enhancing its dielectric strength. Four oil samples were prepared according to
ASTM D8T77: conventional transformer oil, oil with 0.01% TiO, nanoparticles, iron-contaminated
oil, and contaminated oil enhanced with TiO,. BDV data were further analyzed using the

two-parameter Weibull distribution to assess reliability and failure probability. The experimental
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results indicate that adding TiO, increases the BDV by 11.99% (from 74.20 kV to 83.10 kV). In
contrast, iron contamination significantly reduces the BDV by 51.54% (down to 35.47 kV).
However, incorporating TiO, into iron-contaminated oil improves the BDV by 36.53% (47.09 kV),
demonstrating its capability to miticate the detrimental effects of metallic impurities. The
Weibull analysis shows that the TiO,-enhanced samples exhibit the highest shape and scale
parameters, indicating superior insulation consistency and higher breakdown endurance. All
samples achieved p-values greater than 0.05, confirming the suitability of the Weibull
distribution and the statistical reliability of the BDV measurements. In conclusion, TiO,
nanoparticles effectively improve both the dielectric performance and the reliability of
transformer oil under normal and iron-contaminated conditions, offering a promising approach
to enhancing insulation stability and extending the operational lifespan of power transformer

systems.

Keywords: Transformer oil, TiO, Nanoparticles, Iron particles, AC Breakdown voltage testing
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¥ da e 2
WUNHIVWNE 40 m /g
& 917
anngaunaluia
o o s 100 (F/m)
FUNNG

4. E15aAULIIRIAD

Hosgethfuntouvasdadureanar uas
aymﬂuﬂuﬁﬂwamﬁﬁq AU fuTes 2 A93
Junszurunsiidianududou Lﬁaamﬂawmﬂ
wluenverliannsanseaneslutisiundoutas
Iaegsauysal vilvdeadousyaniainlunis
vanuvesihsiuneudadlilfviniians nilluisa
Wlumsudlatiymnil fe msldsifadless wie
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ansanussisiadusdousywiaisunteuda
fuoumauly Ssgvinulneiduiiveutuay
dufivoutiniu Fe8nsdiuseninaniansdsiios
UBNIANELTRNITNTEIY VI TAATIRIHT
audinandduaunisi (1) Taefl BB wnu

ONTIEIUVDIVOUUF VOV UAE M,  WNU

h
umdnluanaveanguiiveudn M uwanads

UMTINLNLENAYDIANTAALTIAIRT [14]
HLB— 20+ (1)
M

uan9 i1 HLB (Hydrophilic-Lipophilic

Balance) SaaninsnszyunuaudRveansanusan

ﬁaﬁ’mmmﬂugﬂﬁ 3§31 HLB winzdmsunisld
ansanusaiainlunuddedaeyssianiiluiiu
(W/O emulsions) lagA1 HLB azagluyie 3-6
fea1sanusfefafidanlngidseiu 3 9z
auansalunsazaneiuldunnnii [15)

( \ .
mshaza
Yalasilan 1518 (15-18)
(azmemnild) iasimmazein
13-15 (13-15)
_____ |~ T | i@ iesduiia sinfuduai
i 8-16 @.16)

Wiuasilfidlenuaznszaam
(7-9)

aumanizaeld | o g

3-6 ihidsfadheedviia vhdu-ini
NaTasidliin (3-6)
S
(@zanghaivi14) >3 Wiihinsiumaiparles

23
(2-3)

24 HLB é
azanatiniula

724 HLB g4
Sy
azaeinla

Siatidfdini SifatinThniniu
- .
<

=

o

o
o °

(0]
S 9

JUN 3 Aanuansalunisazatevesdidunie
11 [14]

gatulun1sAnwtIeladanldansantsefiaia
SPAN 80 #ANULINTY 90% Ye9USUIUEIS
aunauly Fuduusuunlirinsnagaunis

IWiiiAfian [8] el HIB 1 4.3 10
dadlveosinluthauiliids venanidad
vangLAdeiithansanusaiaia SPAN 80 $aufu
a1seunAuIlY [16-17]
Sumpumanisaiaegsiildlunimagey
1. Msnaussaynalutundioutag

n¥sniifundoudasiiunszuiunisnsesds
andsn waglaauiuuds andunisfiveynia
Yuideundn wazeyniauly T, luudunad
favunldil 0.01% vosUsumsirfunseutas
nsfadmdnuaseyniauluasduiiunisde
\A3esdemnuazidengafifauusiugigeds 4
Fundanadeuieliliuunaansiuiugian
wionTAnasanusfaia SPAN 80 Gefiunum
dAnluNIINTEEMLaENISTIEaNNITNIENEY
vosoyneululuihiundoutas TasyTumves
SPAN 80 garuunfinmidudu 90% U3
anseunAunly NsEUIUNNTHALASISUF U
mafuaseynauieumin uazansoymaul
Tu TiO, ashuhsuntfountasneldaniziinauny
gl waraudussnatunn niuthiuas
Qﬂmuéham%‘lmmummwmm%ﬂ (Overhead
Stirer) unan 30 unit Gedelianseynia
Fanuanszaredaluiifulddnindeioudeu
fULAS0INILLUULLWEN (Magnetic Stirrer) [18]
uazvAnidsseunindutoumdninfuuranay
asuiiivdn (Magnetic Ban) Favhlvusunaans
Anuiiuaniisimualid 0.01% vesFunasthiiy
nifoudasmdannismudesiudeiniaaniy
ATuUUINAIRIETAAULE nsruaunsdely Ae
nsldmaudansiledn (Ultra Sonication) dafy
fupoudrdlunstenszaresvaseyniauly
THdfuifunteudas Tngltieiesadiendu
Fanslednisinarunteldguund 60°C
nsguIunsiifiag 2 dalus Geastaelfeunia
ulufinisnsganefegsainaneluszduunly
nEniuazidrgnzuaunisevlaanuduly
Fovananeafigamgil 60°C Huszeznan 24
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=

FAlusdnads o dnautuiionananndsly
ity deuflaginumaaeuguautinigli
osanauduiionaasndeluisiundioulas
rdwnaldedenuaniiauiy wazeraluguna
MsvadeUiiraIaedau
MEIINNIESIAUNSEUIUNS VLA Feghe
IEi N aEn3euyIN1SNAEUNIAIAINNAINL
wsesulinssuaady Tnedunauaysivayisen
HavnesnssuIunsiuansdiluzui 4

Adding TiO, powder
and Iron powder
at 0.01 wt.%

—

B
%
Over head stirring
for 30 min.

Ultra nn 1
JUN 4 TunouMINaNaIToUNIA
TusTunslawdas

Vacuum
for 24 hr.

2. A1SNAFBUAIAIUAINUABLTIAU WA
NITHEFAU

nsnnaeuiaeduisiddnlunisaseaou
AuantRauruvesttuniiouvadluii Tasd
fngusvasdiiomidnsiiaveniulunisnuse
wseduludnnszuaadunoudnluldanuasy
nsTUIUMIVIRde VAT sTiumEINTTes
dilunsdestunisidansdansesinihangls
wsedugs lueuafedldinmeasuiisunde
wasivuugssiensidueymaunlu TO, &9
Prslunisiasulssdnsamanuduauiu uay
nedifidsfuneutasiignuuiioudaseynia
Uuitouman

n1snaasusuiunisiaeldinlomnaeu
LSIRULUINATIYUSY HZJQ-1 (Transformer  Oil
BDV Tester) fauandluzuil 5 #frwd 50 Hz
wioudaninsnvda szunu-ssuiu Aszoging
sgningdianingm 254 Taduns LU

AUENA1N 24.9 TaFuns MUV 3.18 Hadluns
wazSadveu 0.254 dadiuns userulniinasgn
uTusesng 3 kv/s mssdunsidulusy
Yo musueansgI ASTM D877 [19] Lilelw
wiladinsnszanediveseyniavueundn
aunsanszatesalaegsainaue Tnefiegis
ihifuazgnmulidnuedietifadune 2 und
TneLA309n7U Overhead Stirrer Aaun1sVAGBU
nness [2021]  dviulssanusiaziaogng
npde U mNnzLERslUATST 3

Wurugudnae 24.9 .
1 3.18 a1,

sruzvinaiaBianlngm 2.54 a.

U 5 aseamaaaumA1AuAImnusie i
nszudaduULasYAVIAgaURIBEanNg
WUUSEUTU-S¥UIU

A15199 3 fregedmTUNISNAADU

a1 0 U UsTnNNua9enieg1anngau

A819 | NS S18aLL9n

Transformer  Oil
Livudou | (TO)

TO + TiO,

TO + Iron

TO + Iron + TiO,

Juou

NANNSNAABILAZNI5aAUSIINE

1. ArANuAURaussaUlWAnnseuaaau

INNaNIINAdU wuiningunsieuasiidl
NsuaNaunIAUIlY TIO, IAuaiunsalunismu
(51'8LLidﬁuiWﬁﬂﬂixLLﬁﬁﬁU&ﬂﬂ%uﬁ 11.99% (83.10
W) Wet3suiiisuiuindunsiouvasunanig
nsnurslssnulnvnssuaaau 74.20 kv lag
Usgansamifivdudi Dunannainnisiiuans
aun1AWIY TIO, TINAUAITANKIIAIEY SPAN 80
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Fevuliauisanszanedldodradnausly
driundoutas m‘mszmaﬁaiﬂuﬂﬁaﬁwﬁmﬁ
dwalinisdesiunisdansasmelniivesingiy
yfoutasiiUsyaninimanntu Losneyniau
T Ti0, fnalaenswonisindeudivesdianasou
meluthiuniioutas Sudlooynaulumanign
nszanelutidunsionvaiudn s18nnsoud
Lﬂé‘auﬁquﬁwﬁuazgwﬁaw%%aamﬁm?ﬁ'auﬁ
Fedawaldnszurunisderiudidnaseulutisiy
wioulanintulddhas [22]

Tunsalvesthunsieutasndfivuideusae
BUAIAWEN NAIINNITNAFOUNUIIAIUAINUGD
wsssuliinszuaaduanasinanil 35.47 kv @n
fu -51.56% dleifieuiunanaaeulutigunse
wlasuni IummzﬁﬂfwﬁwﬂaLLanﬁmamwmﬂm
TuTio, wasdimsuuteudseyniamsn fian
AMUAIUABILSIRUlNTNNSTuERaU 47.09 KV AR
Wy -36.53% lediuiunanaaeulutisiune
wlasUnf sa1nwaneaeussnandsdiunansli
Fiudreyniauily Tio, anunsndaelihiiunie
wlasdensfiiafosninsenusnulniinseasy
wagiimstuiteudsoynamin nanismeaey
ﬁgwmuamé’ﬁgﬂﬁ 6

nswWisuiisudiauamusa
wsaulwinszuaadureaidiuiildlunmmagsy

-

PR EEEEEEEEEEE]

35.47

1
g . With Nano

§n Base 83.10

3 With Nano
E With and Pollution
2 Pollution 47.09

3

H

-=

=]

=

10 [ TO +Ti0, EETO +1Iren §£T0+Irun+Ti02|

UM 6 MSUT UL UAIAIUAINUABILTIAY
Trlihnszuaaduvenhiuildlunismeaeu

(%
a v

Snviseuniaunly IO, finsiedeuiiuuuusn
(Brownian Motion) [23] Fadunswdeulmuuy
duiltigrrasmsindouiivesdidnaseu  LHuna
TWnszurumsasihudidnnseuiniuladias v

TIN5 AALUSNANIULUUERSULLBS (Streamer

Breakdown) 4184 uazdinaliAiauaImuse
usenulninnssuaaduivIuesslivedAgy e
wanaluguin 7

Qil-B d
. e U

# %% Elec?l%)n movement %

% Nanoparticle + Span 80

M Electron movement
in nanofluids

o a P a & Y
JUN 7 nsimdeunvesdianaseuluuisiu
wiauUasinavanseyniauily TiO,

TuraglhgiiunanIsnageudiaunsaesule
lameuuuinasanisinldiudndiiag [24]
msﬂﬂW‘Wwaaﬁwﬁwﬁawaﬂﬁ'Umﬁauaymﬂ
wisnaunsewansldaunsi (2)

_ 3¢
7_}/f|:1+(a+2)/(a—1)—gp 2

lngil y uay y, Aermsthlwihvenhifune

wUasdutUounagldvuilountuanau
a=y,1y,
sunAraglagdoudundoutas uaz @ A

AvonsrdluAIniIsuluinveg

Uumsveseyniamanludiduivuleu dean
s Wi wnaniiaruinninunduuan ety
Feaunsadeuludliinedulanaunisn (3)

y=7,[1+30/(1-9)] (3)
Arnnsialiliiwe siduntioudasiduideuay
Lﬁmﬁumm‘]’ﬂmuaumﬂﬂuLﬁauﬁLﬁ'wffu zLin
WosAmanntudioinaudeu wasarmutiilniih
youinfunaaouliiniy Fednaliainanunamy
selnfinszuaaduanasiediuiueyniamin
LAYNITANAIYBIAIAIINAINUAD LT
Lﬁ'aaymﬂmﬁﬂﬁﬁwmu

VLU
ASELAFAUILLAATY

N = < = P
JElq 01SEeNSIFONSSUMEANSIAIMSIVEIBOUINNSSY
- < = = .
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oumAindy Jegnnseduieauulnihidany
Waigs fhveseyaamdnazgrinienindmi
BudnTnsndirliAnazniureseyniavuiou
sewinaiidiiningn [25] oynevanisiliiin
n1sAgUszauIsdlIuLaziinnIsiusnal
(Breakdown) Tufigasauanslugud 8

Qil-Based

Bridge of particles

. Iron particle

== Electron movement

JUN 8 NsiAfouNveBianmseu wagn1siin
azmueuna Tuhfunlsuvasivuieu
AUNANAN

2. MINATITRNANIEDAR2E Weibull

NNSANEIATAINTNAINUABLSIAULINA
NITUAFIUVDIAIDLNINAGOU  LASUNISTIATIEN
Tneldnsuanuasuy Weibull Distribution tie
Anwmninssuvesian Felueddeidld weibull
wuvgssdimesifiefuinaiauuiaziiu
vaawsaruliiiinszuaaduiivinldmannisiusn
a1l Tneanunsasuanldfsaunisi (4)
N
_,]ﬁ

n

Fix)=1- e[ @)

Fermuald oy Fuarauinsduasauves
wsasulwih v ldAnnnsiusnanad wenannil x
AouseuluiihivinldAnnisiusnanny S g
ABN51MaIFUSN (Shape Parameter) Way 7
Aonndiimesaina (Scale Parameter) Tunsan
Weibull putesdy p Wdusdinluns
nagauANumIzadlun1snsyItedivestoys
[26]

INAITILATITNAIVAITHANKAL Weibull
\dlofin150:191nA1 Shape Parameter (8) FeldUs
UoNFIA1LANILANBYBIAIINAINUAD
wsedulniinszuaaduretaulIu nInAlas
nannaUIzAsiilingzae Tnenuiniifunie
wasinaveyniaunly TiO, fiA1 Shape gegn
wansfiaAAIuAInudansIdulingeuay
aianofian sosaandeiuntouasuuuund
vuziinstioymeaminvudouluthifundoudas
fnanuaglinauoyniaunly Tio, vilsien Shape
anal wanIfeAIAuAIUsoLsITulNi1v
awanlinsfl fu Scale Parameter () Fauaniis
AauAmuRoLssiulii wudhiundoutas
fnamoyniauly TIO, fiA1 Scale gegn uansds
AuAsusaLsatulniliffige sesasunfe
iffundioutasuuuund fundouvasnas
oyn1aunly TO, ivueusyniamin uas
ﬁ'}ﬁuwﬁmmaaﬁﬂmﬁauaumﬂmﬁﬂ ANUFIY
Tudauaes  pvalue (p)  Tdusveniisay
WINIZANVRINITNTEIEAIVOIToUR Laeyn
megmadauilial p > 0.250 vangisteya
Distribution  1¢i@
s iuifundeulasiinasoyniauily Tio,
A7l 0.142 FaiiAnannnin 0.05 Feiduariivensy
1¢ laheaiuuannnsLanuas Weibull - flaana

anusaususnnu Weibull

wingaulunsesulengAnssuNIslUINAILYes
Wluneaeu [27] Awanslunsen 4 waggun 9

A15199 4 Nan15ILAS1Y Weibull Distribution

A9819NAFDY J/ n P
Transformer Oil

54.63 | 74.99 | >0.250
(TO)
TO +TiO, 85.11 | 83.73 | 0.142
TO +Iron 31.14 | 36.53 | >0.250
TO+1Iron+TiO, | 48.19 | 47.63 | >0.250
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AC Breakdown Voltage (kV)
Simple Type Shape Scale P
—e— TO —e— 54.63 74.99 >0.250
—4-- TO +TiO, —---- 85.11 83.73 0.142
=-- TO + Iron =-- 31.14 36.53 >0.250
4 TO + Iron + TiO, @ 48.19 47.63 >0.250

Ul 9 nsiUSeuiiisuAnnunImusieus Iy
Tfhnszuaaduvesietmagau lag
Tg5aATIE Weibull

dunan1Ivnaeg

nan133de nuindeonaueyniauily
Tmnidolaeenles (Tio,) asluingunseutas
wthefuguantisuanuduauiueniity
Taedrstaau Insanizludiusesainunuae
wsssulninszuaadu ﬁqaﬁmﬁ@w%amﬁauﬁu
drsfunseudasuuuund \leaneyniauily
TiO, aunsavzaonIsindouiivesdidnasouldds
nafanaansadanaldicluan el
nstutou LLasﬁmﬁﬂuLﬁaué’waqmﬂmﬁﬂ
gnslsfinnu lunsdidhifunsonvasiinauans
ayniaunlu TIo, karfinsuuioudsoynia
widn Araunuusadulninduunlduiianaus
Hrasgeninidunfeuvasiivuideudiseynia
WMAN INKHANTNAERU hanslimiudiednenn
Yesoun1AuIlY TIO, Tunsuiuuszyndlday
saduawuliiilusuan

AnAnIsuUsENIA

AMERITYVDVDUAN AMEIAINTTUAIANS
UINeFeIAlulags1vuInadany Ines
vounu dmfunuatuayuniside Jeidiu
drfyegneBelunisaniiuay nsiiaue way

miLm8LLW'i'Nawuﬁﬁaaﬁ’uﬁuamamauamﬁﬁﬁs
Infusegs meifowmaluladuazuinnssunis
auulviiussge (HVRU-RMUTI)
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Abstract

This research investigated the performance and emission characteristics of a Kubota
ET115 agricultural diesel engine by using waste rubber bio-oil from the pyrolysis process
blended with diesel. The blended ratios of the fuels (waste rubber bio-oil: diesel) were 0:100,
5:95, 15:85, 25:75, and 35:65 by volume. For the investigation, a water brake dynamometer was
used for evaluation. Following this, the experimental results showed that an increase in the
proportion of waste rubber bio-oil resulted in a decrease in engine torque and power by
approximately 2.74-15.74% and 2.96-15.74%, respectively. On the other hand, BSFC and BSEC
increased by 39.18-66.67% and 39.91-62.70%, respectively. BTE decreased by 30.56-53.73%. In
terms of emissions, the findings showed that CO, and soot emissions had decreased by 0.89%-
6.48% and 1.22%-36.13%, respectively. However, there was a significant increase in CO and
NO, emissions, where CO rose by 8.87-66.21% and NO, by 28.57-123.97%. However, this
investigation provides evidence supporting the valorization of waste rubber bio-oil into an

alternative fuel.

Keywords: Alternative Energy, Bio-Oil, Performance, Emissions, Waste Rubber Bio-Oil

1. Introduction

The reliance on diesel engines in the

agricultural sector has increasingly
contributed to fuel consumption and
environmental impact growth [1-2]. This

situation, Thailand’s national energy policy
aims to promote reducing the use of fossil
energy and switching to alternative energy,
achieving a share of no less than 36% by
2037 [3-4]. Previous studies have used of
crops conversion  to

agricultural for

alternative energy sources, including palm
oil, sugarcane, cassava, etc. [5-6]. In addition
to these crops, it has been studied that
rubber cup lump can be used to produce oil
fuel by the pyrolysis process [7]. This process
converts biomass or organic waste into
biofuels under anaerobic conditions. One of
the products obtained from this process is a
liquid fuel called pyrolysis oil, which belongs

to the group of bio-oils that can be used to
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replace fossil fuels [8]. Therefore, rubber is
another motivating alternative.

From an economic outlook, Rubber is a
major economic crop that plays a significant
role in Thailand [9]. The price of cup lump
rubber fluctuates according to domestic and
international market conditions. From early
November 2023 to 2025, the price changed
as follows: it averaged 45 baht/kg in 2023,
rose to 58 baht/kg in 2024, then decreased
to approximately 51 baht/kg in 2025 [10].
Such variations have led to the accumulation
of excess or waste rubber cup lumps at
which sold

commercially, presenting an opportunity to

certain  times, cannot  be
use these raw materials to produce biofuels.

Although bio-oil is an energy source that
can replace fossil fuels, it still has limitations
in its chemical properties, such as a low
heating value, high water, soot and oxygen
content, as well as chemical instability due
to its numerous organic constituents.
Therefore, it cannot be used directly in
engines in the long term. It must be blended
with gasoline or diesel fuel first [11-12].
However, previous research reported that
rubber

pyrolysis with diesel at an appropriate ratio

blending bio-oil  derived from

can maintain the smooth operation of
agricultural diesel engines [7]. This reflects
not only an approach to agricultural waste
management but also an alternative to
reduce fuel costs for farmers and promote a
sustainable  circular  economy, thereby
enhancing the country's long-term energy
security.

Based on these concepts, the researchers

are interested in studying the performance
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and exhaust gas composition of small diesel
engines powered by bio-oil pyrolyzed from
waste rubber cup lumps without engine
modification. In order to perform the analysis
of the effects of different fuel blends on
engine performance. Most previous research
has focused on fuels from other plants, and
the performance of rubber has not been
studied in depth. The results of this study are
expected to contribute to engineering
understanding of the potential of bio-oil from
waste rubber cup lumps as a renewable fuel
and serve as a guideline for efficient and
sustainable future usability.

2. Materials and methods

2.1 Test fuels

In this study, the properties of bio-oil
derived from waste rubber cup lump were
analyzed based on the data reported by
Youngpattana et al. [7], Which has been
produced the oil through a fast pyrolysis
process conducted at a temperature of 500
°C. The obtained data were used to calculate
the properties of the blended fuels according
to the mixing rule. The viscosity of the
blended fuel was determined using the
logarithmic mixing rule, as expressed in
the

represent the

equation (1), where B, represent
viscosity of the fuel blend, V;
volumetric fraction of each component, and

F are the viscosity of each individual fuel.
In(B,.)= Y (V% In(E)) @

The properties of the blended fuels were
calculated using the Linear Mixing Rule as

expressed in equation (2), where B,



represent the property of the mixture, V; are
the volumetric fraction of the fuel, and F,

are the corresponding property of that fuel.

Pmix :Z(Vt XP’) (2)

When comparing the properties of bio-oil
derived from waste rubber cup lump with
those of diesel fuel according to the
Department of Energy Business specification
titled “Characteristics and Quality of Diesel
Fuel B.E. 2567 (2024)” [13] and ASTM
standards, the summarized results are
presented in the Table. 1. To assess the
suitability of such fuels for use in diesel
engines, the abbreviation “RB” is used to
represent waste rubber cup lump bio-oil
blend, with the number following indicating
the blending ratio with diesel fuel. This bio-
oil has a lower cetane number, cause
prolonged ignition delay, which could lead to
and more CO

incomplete  combustion

emissions. Additionally, the lower heating
value of bio-oil results in reduced energy
release during combustion, directly impacting
engine torque and braking power. Although
the viscosity of bio-oil is lower than diesel
fuel, allowing for better atomization, these
characteristics are expected to influence
combustion temperature, thermal efficiency,
and  exhaust emission  characteristics,
particularly regarding NO, and soot formation
[14].

2.2 Test engine

A Kubota ET 115 was a small four-stroke
diesel engine, which is a single-cylinder,
water-cooled, and swirl chamber type [15].
This engine was used in the study without
modification. The test engine’s technical
information is shown in the following Table.
2, the engine is connected to a water brake

dynamometer, which is shown in Figure 1.

Table 1 Properties of fuel comparison according to the ASTM standards.

Fuel properties
) . Density @ .
Fuel Type Flash Point Viscosity L Cetane HeatingValue
(°C) (cSt) 3 Index (MJ/kg)
(g/cm’) ASTM
ASTM D93 ASTM D445 ASTM D976 | ASTM D240
D1298
Diesel 64.00 3.39 0.85 56.99 47.47
Waste
Rubber  Cup 28.50 1.32 0.85 30.88 40.60
Lump Oil
RB5 58.42 3.23 0.85 55.68 47.12
RB15 55.27 2.94 0.85 53.07 46.43
RB25 52.12 2.67 0.85 50.46 45.75
RB35 48.98 2.43 0.85 47.85 45.06
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Control panel and display estbon
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Load cell
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Water pump
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h

Kubota ET 115
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Figure. 1 Schematic diagram of the experimental setup.

Table 2 Technical information of the engine

Technical
Details
Information
Model Kubota ET 115
Horizontal water
Engine type cooled 4-stroke 1

cylinder

Combustion type Swirl chamber

Cylinder width x

94x92 mm
stroke
Cylinder volume 624 cm’
Maximum 11.50 hp at 2400
horsepower rom
Continuous 10.50 hp at 2400
horsepower rom
34.32 Nm at
Maximum torque
1800 rpm
Compression ratio 21:1
Fuel consumption 210 ¢/hp-h

2.3 Test procedure

2.3.1 Performance testing

Engine performance and emissions tests
were conducted over a five-speed range
from 800 to 2400 rpm. These tests were
performed at 80%, 90%, and 100% throttle

positions, due to average the engine load at
the maximum throttle position of the fuel
pump valve that similar testing has been
performed in previous study [16]. The test
apparatus details, as shown in Table 3,
Stuska brake

dynamometer and a Zega S-Beam strain

included a Dyno water
gauge load cell that margin of error from the
actual measurement is +1%. The load cell
receives force from the engine via a
driveshaft connected to the flywheel. Fuel
consumption was measured during the
engine performance tests. The mass of fuel
consumed in 5 minutes was measured with a
digital scale Tiny FEH-5000. Brake specific
fuel consumption (BSFC) was then calculated
as the mass of fuel consumed per unit of
brake

kilograms

power expressed in
per (kg/KWh)
according to equation (3). This allows direct

produced,

kilowatt  hour
comparison of engine efficiency for each fuel
type, where 7, represents fuel flow rate in
kg/h, and P, represents engine brake power
in watt (W).

i,
Bsfc = ? (3)

B

=N - N S
‘}Elq 21SaNSIAINSSUMANSIIAIMSIVENBOUSANSSY
< !

] ArUIANSSUMANS UNS.8au Sneniunuouniu

UA 4 aUUA 1 (Uns1A -DnWiEu 2569)



Table 3 Details of the engine performance

and emission instruments.

Dynamometer set

Instruments Ranges Accuracy
Load cell
1-100 ke +0.02 9%FS
Zega
Proximity 0.80-35.00 | Repeatability
Sensor mm +0.10 mm
Scale
1-5000 ¢ +lg

Tiny FEH-5000

Exhaust gas analyzer, Testo 350

Gas type Ranges Accuracy
0-10,000 +10 ppm
o PP
ppm < 200 ppm
0-50 +0.30%
CO,
vol.% < 25 vol.%
0-500 +5 ppm
NO, PP
ppm < 100 ppm
Smoke meter, Heshbon HBN-1500B
Ranges Accuracy
0-100% +1%

From engine performance testing, energy
efficiency should be evaluated by brake
(BSEQ), by

considering the heating value of the fuel as

specific energy consumption

well. In calculating BSFC, the unit is kilogram
per kilowatt hour (kg/kWh). The heating value
of the fuel is in megajoules per kilogram
(MJ/kg), resulting in BSEC in megajoules per
(MJ/KWh), as
equation (4). The BSEC value represents the

kilowatt hour specified in
amount of energy from the fuel the engine
uses to produce per unit of mechanical
energy. When comparing the efficiency of
with

low BSEC value is

alternative  fuels various  energy

properties, a crucial
because it shows that the engine can use the

fuel's energy more effectively [17].

Bsec = Bsfc x HeatingValue (a)

Brake Thermal Efficiency (BTE), which reflects
the proportion of energy from the fuel that is
of the
engine [18], is shown in equation (5), where

Py is the engine power in kW and 7,

converted to mechanical power

represents the fuel mass flow rate expressed

in (kg/h).
P, %3600

BTE =— x
m, x HeatingValue

100 (5)

2.3.2 Exhaust gas emissions testing

The exhaust gas composition emitted
from the engine during testing was measured
using a TESTO 350 exhaust gas analyzer. The
probe was installed at the exhaust pipe
outlet to measure the concentrations of
carbon dioxide (CO,), carbon monoxide (CO),
as shown in the technical specifications
presented in Table 3. Subsequently, the
pollutant concentrations obtained from the
TESTO 350 in volumetric terms (parts per
million, ppm) were converted into mass-
specific emissions per unit of energy output
(g¢/Kwh).  This
achieved solely through mathematical unit
but

parameters,

conversion could not be

transformation several
additional the

measured exhaust gas content, exhaust gas

required
including
mass flow rate, engine power output,
molecular weights of each pollutant species,
average molecular weight of the exhaust gas,
as well as exhaust gas temperature and
pressure during measurement [19]. Onward,
the calculation procedure is as follows: the
first

determined according to Equation (6), where

mass concentration (mg/m?) was

MW represents the molecular weight of the
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gas (NO, = 44 g/mol, CO = 28 g¢/mol, CO, =
44 g/mol), P denotes the

pressure, 0.0821 is the universal gas constant,

exhaust  gas
and T indicates the exhaust gas temperature
in °K.
MW x p
mo | m® = PP MW X p
y 0.0821xT (6)

The mass flow rate was then calculated
using equation (7), where ExhaustFlowRate

expressed in cubic meters per hour (m3/h).

(")

mg | m’ x Exhaust Flow Rate
1000

For the calculation of the mass-based

Mass Flow =

emission rate per unit of engine power
output (g¢/kWh), equation (8) applied, where
the emission rate is determined from the
ratio of the mass flow rate of the exhaust
gases to the engine power, B
kilowatts (kW).

expressed in

L Mass Flow
Emission =—— (8)

The of black

opacity or soot was conducted while the

measurement smoke

engine operated under load at a speed of
1,600

expressed as smoke opacity, was measured

rom. The exhaust gas opacity,
using a Heshbon HBN-1500B smoke meter.
The results are presented in Table 3 on the
previous pages.
3. Experimental results and discussion
During the engine performance and
the

conditions at the test site were continuously

emissions tests, environmental
monitored and recorded, including an air
temperature of approximately 32.24 °C, a
relative humidity of approximately 57.32 9%,
and an  atmospheric  pressure  of
approximately 990.99 hPa, as measured by

the BME 280 weather station module. The
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results of the performance test and exhaust
gas composition of a small diesel engine
using bio-oil from waste rubber cup lumps
will be presented in sequence in the
following sections.

3.1 Analysis of the engine performance

This test evaluated engine performance
in terms of brake torque, brake power, brake
specific fuel and energy consumption, and
brake thermal efficiency. The test results
revealed that the engine using bio-oil blend
had

compared to diesel. These were mainly due

lower torque and brake power
to the lower heating value of the bio-ail,

resulting in  less energy combustion.
Furthermore, the specific fuel consumption
of the bio-oil blend was higher than that of
diesel, indicating a decrease in energy
efficiency from BSEC and BTE assessments
compared to using standard diesel.

3.1.1 Torque

Figure 2 shows the torque variation of the
engine running on different fuel blends. It
was found that the torque decreased with
increasing bio-oil concentration. On average,
the engine running on waste rubber cup
lump oil had slightly lower torque than a

diesel. For low blending ratios, the torque

34 -

Torque (Nm)

1 1 1
800 1200 1600 2000 2400

20 t 1

Engine Speed (rpm)
Figure 2 Torque of the engine by using

mixed fuel at different rates
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variation was not significant, but there was a
clear change when the bio-oil concentration
was increased.

The test results showed that the RB5 and
RB15 blends provided engine torque values
The
maximum torque of the diesel was 33.19 Nm
at 1,600 rpm, while the RB5 blend had a

maximum torque of 32.95 Nm at the same

close to those of standard diesel.

speed. There is an occurrence of incomplete
combustion, which was found due to the
physical characteristics of the oil, that are
low viscosity, low cetane number, and low
heating value, which comparable to previous
research [20].

3.1.2 Brake power

Figure. 3 shows the variation of brake
power with respect to engine speed for bio-
oil blends. The test results showed that
brake with

increasing bio-oil concentration, which was

engine power  decreased

due to the decreased heating value of the

blend between bio-oil and standard diesel.
8 i

-~
T

=]
I

Diesel
RB5
RB15
RB25
RB35

Brake Power (kW)
S m
T

w
Xreoon

| | |
800 1200 1600 2000
Engine Speed (rpm)

2400

Figure 3 Brake power of the engine by using

mixed fuel at different rates.

The test results indicated that the
maximum brake power of the engine using
standard diesel fuel was 7.11 kW at 2,400
rom, while the engine using RB5 blend had a

maximum brake power of 6.75 kW at the

same rpm, which was slightly lower than the
maximum brake power of standard diesel
fuel by approximately 5.19%. For RB15, RB25,
and RB35 blends, the maximum brake power
decreased by 5.78%, 15.29%, and 16.11%,
respectively. The reduction in brake power in
the low concentration blend ratios, which is
consistent with previous research [21], which
are related to the behavior of torque.

3.1.3 Brake specific fuel consumption

Figure. 4 shows the study results of the
variation of specific fuel consumption (BSFC)
with engine speed when using bio-oil in
different blend proportions. The tendency of
BSFC to decrease with

speed was found in all tested conditions.

increasing engine

The engine showed the highest BSFC value
at the speed range of 800-1,200 rpm. And
the test found that diesel gave the lowest
BSFC values of 0.33 kg/kWh at 2400 rpm,
while RB35 had the highest BSFC value of
1.32 kg/kWh at 800 rpm. For the blended oll,

Diesel
RBS

RB15
RB25

- ®

I I
»

L.

Xroon

RB35

BSFC (kg/kWh)
o
[s¢]
I

o
o
I

04—

800 1200 1600

Engine Speed (rpm)

2000 2400

Figure 4 Brake specific fuel consumption of
the engine by using mixed fuel at different
rates that explained that this phenomenon is
due to the lower heating value of bio-oil,
resulting in a higher fuel consumption rate to
maintain the energy level.
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the average BSFC was higher than that of
diesel by 39.18 (RB5), 52.83 (RB15), 64.35
(RB25), and 66.67 (RB35), respectively. This is
consistent with the research reference [22].
3.1.4 Brake

consumption

specific energy
Figure 5 shows the trend of brake specific
with
respect to engine speed for bio-oil blends.

energy consumption (BSEC) values
The analysis results indicate that diesel has
the lowest BSEC value in all speed ranges,
following its higher energy efficiency than the
blends [23]. The BSEC value tends to be
highest at low engine speeds in all blends,
especially for RB25 and RB35 blends, which
give the highest BSEC values of 60.72 and
71.28 MJ/KWh at 800 rpm, respectively, and
the average BSEC of standard diesel and
RP35 is significantly different by 62.70%.
With the behavior of BSEC is consistent with
BSFC.

increases, the BSEC of the blends decreases

However, as the engine speed

and tends to approach the BSEC of standard

diesel.
B Diesel
80 -
*.\ ® RBS5
Q\v\\ & RB15
=50+ L A RB25
E \ X ¥ RB35
S
S40 -
Q
w
(2]
030 -
20 -
| | |
800 1200 1600 2000 2400

Engine Speed (rpm)
Figure 5 Brake Specific energy consumption
of the engine by using mixed fuel at

different rates.
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3.1.5 Brake thermal efficiency

Ficure 6 shows the variation of Brake
Thermal Efficiency (BTE) with engine speed
for bio-oil blends. The evaluation results
showed that BTE decreased with increasing
bio-oil concentration, which was due to the
decreased heating value indicating the
engine's ability to convert thermal energy
The

average BTE of the engine using standard

from fuel combustion into work [24].

diesel was 19.88%, while the engine using
RB5 blend had an average BTE of 14.61%,
which was approximately 30.56% lower than
the average BTE of the diesel, and tends to
increase with the concentration of bio-oil.
For RB15, RB25, and RB35 blends, the BTE
decreased by 40.90%, 51.49%, and 53.73%,
respectively. This indicates that the engine
converts less heat energy from the fuel into

mechanical work than diesel.

25 —

Diesel
RB5
RB15
RB25
RB35

800 1200 1600
Engine Speed (rpm)

2000 2400

Figure 6 Brake thermal efficiency of the

engine by using mixed fuel at different rates.

3.2 Analysis of exhaust emissions
The emission analysis results showed that
blends

affected diesel engine emissions. The bio-oil

the wuse of bio-oil significantly
blends were found to produce lower CO,
emissions than standard diesel. Conversely,

the use of bio-oil blends produced higher CO



20\

and NO, emissions than diesel, which may be
due to the higher combustion temperature
and the reduced of cetane number. In terms
of soot, a lower trends.

3.2.1 Carbon dioxide emissions

Carbon dioxide emissions (CO,) are a
the

process of all fuel types. However, the

common outcome  of combustion
results showed decrease in CO, emissions
when using higher ratios of bio-oil. This can
be explained by the higher intramolecular
than

resulting in higher combustion temperatures

oxygen content of bio-oil diesel,
and lower carbon emissions in the form of
CO, compared to diesel [25]. On average, the
use of bio-oil in proportions of RB5, RB15,
RB25, and RB35 resulted in CO, emissions
reductions in average of 0.89, 2.44, 3.42, and

6.48%, respectively, as shown in Figure 7.

Diesel
RB5
RB15
RB25

N
8
I
E
Xreoeon

RB35

CO; Emissions (g/kWh)
@
(=]
I

-

o

o
[

1 I
800 1200

I I 1
1600 2000 2400

Engine Speed (rpm)
Figure 7 Effect of CO, from the engine by

using mixed fuel at different rates.

3.2.2 Carbon monoxide emissions
The

monoxide (CO) emissions of diesel engines

results showed that the carbon

had an increasing trend when the blending

percentage was increased in average by
8.87%, 23.64%, and 43.55% for RB5, RB15,

and RB25, respectively, especially at the

RB35 ratio, which gave the highest increment
of CO emission of 66.21% compared to the
standard diesel, as shown in Figure. 8. This
case can be explained by the increased
oxygen content in the combustion process
resulting in incomplete oxidation of carbon
molecules, and the change of physical
properties of the blended fuel, such as the
reduced cetane number and heating value,
which is consistent with the indication from
the previous research [26] that indicated the
the

composition of the fuel

relationship  between oxygen (O,)

and the CO
formation under incomplete combustion

conditions.
4 —_

Diesel
RB5
RB15
RB25
RB35

35 -

w
I
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|
@
N *
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CO Emissions (g/kWh)
e O
I T T

-
I

0.5

800 1200 1600

Engine Speed (rpm)

2000 2400

Figure 8 Effect of CO from the engine by

using mixed fuel at different rates.

3.2.3 Nitric oxide emissions

The test results showed the increase in
nitric oxide (NO,) emissions with all bio-oil
blend proportions, with the NO, contents
increasing by 28.57, 66.67, 95.53,
123.97% for RB5, RB15, RB25, and RB35

blends, respectively, as shown in Figure 9.

and

This increase was directly related to the high
oxygen content of the biofuels and the
higher combustion temperature. The NO,
generation mechanism was explained by the

Zeldovich Mechanism, in which nitrogen in
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the air reacts with oxygen to form NO,. This

result is consistent with the previous
research [27].
ol ){ W Diesel
\ @® RB5
_ N & RB15
g bR A RB25
@67 . ¥ RB35
) N
& | A S
a N
547 ."‘A ‘\\. /4_,.—%
g ¢ T Koo oX A
= ~ e R
2+ S~ A e
: iﬂ: - — —
| | | | |

800 1200 1600
Engine Speed (rpm)

2000 2400

Fig. 9 Effect of NO, from the engine by using

mixed fuel at different rates.

3.2.4 Soot emissions
The

opacity was inversely relational to the bio-oil

results showed that the smoke

blending ratio, showing a decreasing trend
with increasing biofuel ratio. At 1,600 rpm,
the smoke opacity of standard diesel was
57.77%, while waste cup lump rubber bio-oil
gave lower smoke opacity at all blending
1.22-36.13%
compared to standard diesel, as shown in
Figure 10. This

explained by the higher oxygen content in

ratios, reducing smoke by

phenomenon could be

biofuel, promoting  higher  combustion
temperature, which causes the reduction of
particulate matter (PM) compounds of the
exhaust, which is consistent with previous
studies [28-30] that reported the relationship
between fuel molecular structure and soot
formation. This has beneficial effects on both
the health.

Furthermore, it leads to cleaner components

environment and  public

within the combustion system.
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Figure 10 Effect of soot from the engine by

using mixed fuel at different rates.

4. Conclusions

In this study, the bio-oil produced from
waste rubber cup lump which has not yet
undergone the distillation process or quality
improvement, was used as blended fuel in a
four-stroke diesel engine throughout the
tests. With the test results were compared
and blended fuel,
average performance and exhaust emissions,
in Table. 4. By the

demonstrated that bio-oil from the waste

with  diesel assessing

as shown results
rubber cup lump “RB” which at the highest
blend ratio tested (RB35), it provided an
average brake torque of only 15.74% lower
than diesel fuel, despite an average BSFC
of 66.67%, it

alternative energy option due to Thailand's

increase represents  an

high rubber production capacity and its

potential  to reduce greenhouse gas

by 0.89-6.48%

generated by engine combustion. Finally,

emissions especially CO,
future research should focus on improving
fuel properties, particularly cetane rating, and
injection  timing optimization to reduce
emissions and enhance engine performance
to be appropriate to the tested fuel.

Furthermore, it is recommended to include
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Table 4 The percentage difference in engine performance and emissions utilizing bio-oil at

varying blending ratios.

Average performance
Ratios _ BSFC _ BSEC 4
T(Nm) | % diff. | P(kw) | % diff. % diff. % diff. | BTE (%) | % diff.
(ke/kWh) (MJ/KWh)
Diesel 31.05 - 5.14 - 0.39 - 18.35 - 19.88 -
RB5 30.21 2.74 4.99 2.96 0.58 39.18 27.50 39.91 14.61 | 30.56
RB15 28.96 6.97 4.82 6.43 0.67 52.83 31.25 52.02 13.13 | 40.90
RB25 26.49 15.85 4.41 15.29 0.76 64.35 34.93 62.24 11.74 | 51.49
RB35 26.52 15.74 4.39 15.74 0.78 66.67 35.11 62.70 11.46 | 53.73
Average emission
Ratios CoO, ) CcO ) NO, . Soot .
% diff. % diff. % diff. % diff.
(g/kWh) (g/kWh) (g/kWh) %
Diesel 120.20 - 0.97 - 1.11 - 57.77 -
RB5 119.14 0.89 1.06 8.87 1.48 28.57 57.07 1.22
RB15 117.30 2.44 1.23 23.64 2.22 66.67 53.89 6.95
RB25 116.16 3.42 1.51 43.55 3.14 95.53 46.06 22.56
RB35 112.65 6.48 1.93 66.21 4.73 123.97 40.09 36.13
detailed combustion analysis, including in- engineering,  Rajamangala  University — of

cylinder pressure measurements and heat

release rate evaluation, to clarify the

relationship  between  ignition  delay,
combustion temperature, and gas formation
when using waste rubber bio-oil. Future
research should improve fuel properties,

especially the cetane index. Optimizing
injection timing is also important to lower
emissions and enhance engine performance
for the tested fuel.

to include a detailed combustion analysis. In-

It is also recommended

cylinder pressure measurements and heat
release rate evaluation would clarify the links
among ignition delay, combustion
temperature, and gas formation when using
waste rubber bio-oil.
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Tugafignanmnssumsuanasusiugssuusnluifuasdaygussivg (A) mstunasadeuy
sofululssnudmedsismnussuainediddnamnuasilonandoinnatn vuitediaussuy
natiuvaenmednludfmewmealulad Al lnglduasa Nvidia Jetson Nano saufiudanessu YOLOV?
dusunsrafunaenderouuuiBesesmuazuuuuou Maduiunudurnmsiunwaeadediefn
LA NANSNAABULAAIUTEAVTAINEEAMEAT Precision 99.99%, Recall 99.99% uaz mAP@0.5
Wity 99.97% Tngszuuaaduldudugiiaesgunuude Flscore 100% ienaasululssnuaie
szuulyien Fl-score  100% lunnnsdl maFeuiiisufuusanuuyudwuin Al Tdhaedeiiies 505
fadiuniirieseu vazdiminandlding .28 Juniidmiunasauuuides wag 50.4 Junfidmiuvasauuy
wou wansliliuinszuu Al fanuduazwivdininegdideddy munsdmiunisuszgndldlu
granvnssLAmeL oAUz LayansfunuAHaN

Addny: Joynnuseivg (A), mateuiiuveaaies, mansaduing, YOLOV?
Abstract

In an era where industrial manufacturing is increasingly embracing automation and
artificial intelligence (Al) to enhance efficiency, accuracy and reduce labour dependency, one
persistent challenge in textile factories is the manual counting of yarn tubes on carts which is a
task that demands high precision but remains time-consuming and reliant on human workers.
This research presents the design and development of an Al-powered system for counting yarn
tubes on carts, tailored for industrial applications. The system utilises an Nvidia Jetson Nano
board and YOLOV7 object detection algorithm to identify and count yarn tubes positioned both
at a 45-degree angle and horizontally. The development process involved collecting image
data, training the models and validating their performance. The model demonstrated a
Precision of 99.99%, Recall of 99.99% and mAP@0.5 of 99.97%. The system achieved an F1-

score of 100% for both 45-degree and horizontal yarn tubes. In real-world industrial testing, the
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model achieved an Fl-score of 100% in all test cases. When comparing the performance of the

Al system to that of human workers, the Al took only 505 millisecond per round to count,

whereas human workers took an average of 4.28 seconds for angled tubes and 50.4 seconds for

horizontal tubes.

Keywords: Artificial intelligence, Object detection, Machine Vision, YOLOv7
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n13%1911v89 Convolutional Neural
Networks (CNNs) 1duladrdgyuessuiiu
Artificial Intelligence  Fianunsnadunsls (xAl)
Wi3zwliI1 CNNs azUszaunudnsags waddl
Snwazdu ndesdt shlidlamsuadomas
n1sdndulalasin Jagdu Fesurediulugdy
wunsa$anIwnienisvi Visualization dadfalsl
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n135Uszynaitd ey ey1Use i vg(Artificial
Intelligence) uag 1and(Edge) 13a Edge Al
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Hadwswudluiea YOLOVT-CA  T#A1 mAP
91.3% uaz F1 score 0.85 gani1 YOLOV7 ifi
Wiouane1 Mean Absolute Error a4 0.642 Lan3
Thitudluaalwadddiofizauududilunis
Usziliunandn uaziluusslevdnonisindulaly
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NAIALATNITUBILAUIAVUIALANUUNIINADS
sEuvAINNsaTmuNUITIANTD TAT1einisiva
28401595195 waglideyaadanuuviui ¥aelu
N133AN1595195 119w wavdosiuwmnnisal
An99lel [16]

YOLOV7 Liusnsraduinguuuidealnaidls
g uazauusiuglanau nevheuld
faust 5 89 160 FPS  wazsheuusiugrgeanlé

b

(27

e



28\

56.8% AP uu GPU V100 iq"u YOLOV7-E6 (56
FPS, 55.9% AP) Eauazwiiugnindnsaaduiy
Ejﬂﬁ?l’jﬂLLUU transformer  WAZLUU convolution
WU SWIN-L  Cascade-Mask  R-CNN  uag
ConvNeXt-XL  Cascade-Mask R-CNN 1y
YOLOV7 ¥191u59n91 5 whl,l,axt,mius]’”uﬂdmgq@j
wonaniidunidenilunasendousu o 1du
YOLOR, YOLOX, Scaled-YOLOv4, YOLOV5 wag
DETR wilugumuidauaranuusugn niou
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Taglaifianinng pretrain [17]

Mask
ameelasuisluaninuindounivauuaglyl
muay lneifiunalnnisueninguiteusniusiaz
A1 WANITNABDINUINLAINLNULT 93-95%
wanaliiuIlunaguisaudsduiuisnsiadu

YOLOV7 taf5339ULaEHUII910

wazueningdu 1 Livaduauuiuduas
AILEy warvaunsathluuszendldlunisdanis
Uadnd 19U N15ARRIN ATIVABY LATIIEIY
ToyaTIusiazss [18]

Wiudnadsalusifsne YOLOVT fiududss
udquay DeepSORT dmsufinnumaisilinuie
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\n3eUevanaIy DCNv3, PConv, BIFPN uax
Tugalsienuanla CBAM ileifiumsusiudiuas
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MTI9Y [20]
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A1 3,737 2w wazyatoyaunLAE 11,139 A
U5uUse YOLOVT melaiga GAM uag Alpha-loU
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dmiuinnuuazdursiauosunniuiiud vl
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[21]
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Annruinguuantasuluinilesdiuiu lag
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Wil Modulated Deformable Convolution e
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nszuIunsiin Tnedaednsnaniine (1) 7 0.1
wazfieng warm-up 31U 3 epoch iiielilinag

A7 momentum

Sudsuiodisiuns TagaAr momentum  15udu
a&ujﬁ 0.8 uaz learning rate a9 bias 13y 0.1
wananil deriuauansalunis seneralize
LavanAUdeIueIns overfitting  §afinsld
wAlA data augmentation ﬁwa’m‘mmﬂ LU
0.015,
saturation = 0.7, value = 0.4), AsLaeunNw

N15UsuAT HSV 9991w (hue =
(translation  +0.2), N15YO-VEIBAIN (scaling
+0.5) wazn1snauninlunuiueu (flip left-right)
freanutrazidu 0.5 vaziinisnduninly
wuislalldgnldany (fipud = 0.0) vieil Saudald
31U mosaic augmentation (mosaic = 1.0) i
SIUAINAIN 4 wnanddaeiu Ay
warnuatgvesusunludeyain lnelufinagld
WwAlA mixup,
\endnidsanisdadeudnvarnenieninves
MADARI8T9919d AN TENURBAIINLLUE VD

copy-paste  La¥ perspective

n1393339udng dn13i19ue positive/negative
samples 52%1719115/A1E35 Optimal Transport
Assignment (OTA) Llaifisaussauglunisiious
nsfugingulnmaneg uavlunagnussidiusieyn
Joya validation ua¥ test ﬁLLsﬂaaﬂmﬂﬁquﬂﬂ
dieuspidluanssnuzenaiuszuy

6. MINadaUANIIaUZINLAG
UnyauuUszhvg
Tun15UsEAUANTTOULVRITEUUATIIUY

naenmy aalunsegeuluanmiindouasa
109159970 lnswvinsnaaeteanidu 2 uwuy
N15919188AANY bALA WUULDEILAZLUUUDY
suuuvaz 5 n¥q

AN5199 2 LS NDANUEUEY

Actual Values
Positive | Negative

Positive True False

- Positive | Positive
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ATBUARY NAN1TNARBINUI1 MIkUstayaludndiu 80-10-10 S Batch Size Wiy 8 uag Epoch
Wiy 50 TuseanSangagn lnedlAn Accuracy Wity 0.97, Precision infiu 0.98, Recall iinfiu
0.95, F1-Score Winfu 0.95 uaz ROC AUC iy 0.9969 @eeglusefugonibon namsidenuinlu
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Usruldnguang egnelsfiniy aAdedalivedniniuruingadeyawasnsdiuuniiesdenagy MUy
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Abstract
This study aimed to develop and evaluate an automated system for classifying online
gambling websites from screenshots by integrating image processing with deep learning via the
MobileNetV2 architecture. This convolutional neural network, pre-trained on the ImageNet
dataset, was implemented using transfer learning to enhance performance on domain-specific

data. The experimental dataset consisted of 1,200 screenshots, equally divided between
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gambling and general websites. Data preparation involved standard resizing and normalization,
with the dataset partitioned into train-validation-test sets at ratios of 70:20:10 and 80:10:10 for
empirical comparison. Key parameters, including batch sizes of 8 and 16 and training epochs
ranging from 10 to 50, were adjusted alongside the application of early stopping to prevent
overfitting and ensure model stability. Performance was evaluated using accuracy, precision,
recall, F1-score, and ROC AUC to reflect comprehensive classification capabilities. The results
demonstrated that an 80:10:10 data split combined with a batch size of 8 and 50 epochs
yielded the highest performance, achieving an accuracy of 0.97, precision of 0.98, recall of 0.95,
F1-score of 0.95, and an excellent ROC AUC of 0.9969. The findings indicated that MobileNetV2
was highly effective in accurately and stably identifying gambling websites. Due to its compact
size and low computational requirements, the model is well-suited for real-world monitoring
systems and law enforcement support. However, the study was limited by its dataset size and
binary classification scope. Future research should increase data diversity, compare alternative
architectures, and develop multi-class classification to expand applicability in more complex

contexts.

Keywords: MobileNetV2, Website Screenshot Classification, Gambling Websites, Deep Learning,

Transfer Learning
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UsvAnSnmuazdedu (6]
TUILEIAYBINTITIY
1. Wlestaunluinan1si3euidsdn (Deep
Learning) @wususuuniiuleaniiueeulatain
antnaeliuled

"N _ . e
Elq 018e1SIFAINSSUAERNSIIa:MSIVENBOUINNSSY
- — - — — .
o AMUESFAONSSUAANS UNS.8ahu Sneniumuoulinu
UA 4 aUUA 1 (Uns1A -DnWiEu 2569) N

2. WieusziiunaziUSouifisuussansnm
va9luina MobileNetv2 a1alanisifiimesnng
Anaouiiunnaneiu

W/anduau

1. Msnuuaziamseudaya

yndoya (Dataset) Tumsidondsil §iTuld
Muuanseunsassadeyasgrauszuu lag
3UINAITAIMUA LNATiNITRARAIN (Labeling
Criteria) 829111 Lﬁ@lﬁmiﬁ’]Lmﬂ‘Ui%LﬂWﬁ@yjﬁﬁ
AUABAARBY (Consistency)  WAYAAAIY

AAIALARBUTENINNUSELTY (Inter-rater

1%
=1

Variability) 41l yadeyausznaumenImminge
Gulodduiuiedu 1,200 aw wusesmlu 2

]

nquuan lawn Bulednduesulay wazsiiuled

€ ol

hluldieadastunisniy

1.1 ngunwwthaeiuledntuesulal

Tungudeyatiusznoumenmuthaeiiuled
wifuseulay §1udu 600 A ATTngUszasd
nan TuUNISUINEUBNIDEIUIYAITUALAINLA
Aanssunsniiu lagidumvuninas
NMSNATUIINBIAUTENDULTILATIAS 19U TN
A (Structural Features) WareIAUIENOULTY
oy (Content Features) fasioluil

1) Mmsusnguesdy “adnsaundn’,
JEUU”, “lAunu”, “din - aau”

2) NMSUAAILUULUDSAUASUNITIAULNNNTD
Tuta

3) NNSLENINNTINOATIHDT9 (Odds Table)

4) duweswlanuaden viseviesandludn

“wng

5) dydnuainieteninuiidedsionssunis
wiulnense

anmtiasduledfioglunguninuiiioe
Gulwdniuesulal Jsasvieudnuazsiy
(Common Visual Patterns) leun n1sld@ddud
Aeernuadla Yunseumsasinsldanuruelvg
n153m11909AUsENOUTIuRNTTUNITRNWY
LAZNNSLANININNTINNYDUNUNI DU BEYTINTA
Fauandlusui 1 wagguil 2
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«985.€0%

5‘1JVI 2 G]’J@EJ’Nﬂ’]WﬁU’F\]EJGUENL’JUVLGEJG]WUU

N3UR 1 wazguit 2 azdiuleiniuledd
nsoonkuUBumesMeiunsnsefunsidan
3uYRI U ueIAUTENBUAIN (Visual
Stimuli) wazdenandyviu Tederdunudnuny
diilunamsSouiidsdnannsaiousliniy
NITUIUMTANAAMANYMY (Feature Extraction)
fau nsfmdenningegneiiniumainuane
Tugu 1w nud Tassasramiiu suuuunsdn
Nty Usgamnudinaning

1.2 ngunwnthaoiulesdviluiiliifeidos
fumsnidu uenannguivlednduseulaiudd
FdelddnnTenyadoyalunguiivladinludill
\Aeatesiunisniiu $1uau 600 a1 Liteldidu
nauwIeuiieu (Negative Class) @1vsun1sin
wazUsziludsednsainvedluinanisiniun
Usgiana1n lnen1siinuanuaniIsaniden

b ﬁze

dulsflunguilfiarsananideulandn 1dun

1) lififewiAetestummiulaensmie
JEELRH

2) ldiluvieesdussneuidefanisaiing
aundnuiteiuiu

3) Lifinn5198n 9198509 SLUURIN-00U W30
dumesinanumdly

4) lausngdenudauasunisiduinu i
dnwazidufonssudedun

Sulsilunguiinseunquuanevinany L
Auledunians Vivledesdnsainisuazionsu
Aulednnduddidnnseiind vivlednsfinw uay
Sulwssudenvideunanuiialy deiliieldeyad
AIUNaINatuLTalaseasng (Structural
Diversity) WazazVauanInwINa0N933v03lan
ooulatl fauandlugui 3 uazgui 4

" Qum i

i‘U‘VI 4 mamamwwmaammn‘uiﬁzmmlﬂ

) | | = = <

nnndieg1slunguivlednaly sz
anwEN1TenkuUNLAnA19aInAInlungy
Guladniiusgiatnau nanee laseasiatniy
wun1sdnausdeyarieiiieniunaiiy n13in

6 I3 o (% ¥

11989AaUsgnouiduluniudidudeya
(Information  Hierarchy) lsiflosAusznouning
WUNIINTEAUNGANTTULHLINTONITVINGINT T
W waznsivawaznsiniidnwasidunans
NI0HDAAABINUDNANWAIBDIANT AIULANAIS
] ' = U o w A
sanarnduldadedidgivarslvlumadiuise

SeuinuanYuEBInm (Visual  Features) 7

g e AMUSFAONSSUMANS UNS.Sau dneniumuoulinu

-
4 ‘}Elq 01S&NSIFIONSSUAEANSIaiMSIVENBOUINNSSY

1 f UR 4 avuf 1 (Uns1Ay -Dnweau 2569)



FuunauLanAsznIadulgdniuiuiuled
mluldegaiiussansan lnslawglufifves
JUWUUYN (Button Patterns) NM33AINGUULIUDS
(Banner Layout) wazasAUsTnauNTinfideds
NANTIUNULALIT

2. vauwadaya (Data Scope)

foyafldlusuifoignifiusiusauain
Suladfianunsadnislalneansisaey (Publicly
Accessible Websites) Taglsifinnsitriisdoyad
dodldondildviedndiams Vilileliaenados
Aunanasesssun1Tideniudeyanidvia uas
nanidganisitndedeyadiuynna laed
Teazidon il

2.1 VaUALTlAsIEs19utIU (Page-Level
Scope) fAduimualiAutayanzriiundn
(Homepage %39 Landing Page) woiusiay
Aulediindu Tagldsanfandiameidou
(Registration Page) ninszuuaNTn (Member
Area) Wionthiifosdngszuuneudidaivled
Faunaualunsdrfameniniundn esan
wihusndunihfasviousndnualuas Tngusvasd
vénvesivled uazitumhidldnuiluanss
wniiala

2.2 YpULYALBLIAN (Temporal  Scope)
Foyagniivlutnartagtuiesanminivled

Y oY

fnsiasundamasniian wagnuiionn Tusly
U UAZNITODNLUUDUNOI LN ﬁqﬁusqm%a;gaﬁq
agviouaniuled o Paanardiviinsiiudeya
Wi

2.3 yaualailom (Content Scope) N3
Jipszailunideifansanens Snvasdamn
(Visual Features) wasutniuled 1wy n15dnang
89AUTENOU (Layout Structure) JULUUUNLAE
wuuuesIudLayesAUsEnaUAIIWN

2.4 Yo91inv0svaULYAtaya (Scope
Limitations) n1sdfadayaemeniniundnes
dsnalilinsounquatuuuivlediigouion
nanlinasssuvadasanndn wagliaiunse

"N _ . e
Elq 018e1SIFAINSSUAERNSIIa:MSIVENBOUINNSSY
- — - — — .
o AMUESFAONSSUAANS UNS.8ahu Sneniumuoulinu
UA 4 aUUA 1 (Uns1A -DnWiEu 2569) N

asraduiuledfiusudsuntusnlviidnvae
Hunanailondnidssnisnsraaeuls
3. nsassudaya (Data Preprocessing)
nauiiAgnsrUIunITRnasuluLeg

[

Weldduidunisinseudeyalviaenndesiu
9

o

0
Jannunvetan1tnenssy MobileNetv2 1agdl

Fupou Feelud

3.1 NM3UTUIUINNN (Image  Resizing) NN
Mﬁwaﬁ’jwmgﬂﬂé’mmm@u 206 x 224 finisga 39
Jurundunnuinsgiuwes MobileNetv2 A
@ualny Sandler Lagag [5] NIMAUAYUIA
alinsiideudfaludadasadie desn
1As91e Convolutional Neural Network (CNN)
é’aamaﬁa%yjaﬁaﬁ%auaLﬁ@lﬁmmiaﬁmm
Convolution ~ Operation  l@eg1agneas
YaNIING N158AVIUIANINEITIBANTIUIY
wdwesidesuszuana dwalfannisediu
wieausnaziiatlunsiingeu dedenndes
AULUIAAYBY MobileNetv2 fi3jaitiunaiudl
Usgdndaiwi¥esA1uaras (Computational
Efficiency) Waranulu1vedling

3.2 N15USUAIANLTUYRIRNLEE (Pixel
Normalization) A1AULTNYDIANLEGE (0-255)
gnusulviegluae 0-1 laen1smisele 255 wail
ielvdeyaiiainafinunzandonisisouives
lAsseUsramiisunuLuIAnuee Goodfellow
et al. [7] N19%1 Normalization funumdifgylu
n13

1) anauwlsUsIuvestayatni

2) Yeafuilym Gradient  fislergaiiuly
(Exploding Gradients)

3) ¥aelinsguIunIs Gradient Descent
l@ResAMNNTY

4) Lﬁumm%ﬂumm}'wﬁwémﬁmmzam
(Faster Convergence)

Farfy miiJ%fuaLﬂa%’ayjaﬁaLﬂwﬁgumau
1195911lW Deep Leaming waziinalagnswie
Usedrsnnueliing
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3.3 msdnguuuudeya (Tensor Formatting)
AMTRUATUTUTINALAY Normalization gndn
Iiegluguuuu Tensor UM 224 x 224 x 3
(RGB Channels) ilelaonadasriulassadng
SumAves MobileNetv2 Fsoanuuulsisossy
VG RTE LG LR ATAIRRY

3.4 wnralsan1Unenssu (Architectural
Consistency) MobileNetv2 14laseasns Inverted
Residual Blocks Wag Linear Bottlenecks 9
ponuuvLieUsTInanateyanwdiiunsUy
anasgraumnzay vndoyafianailiauga 019
dewalvinisdoudneludu Convolution  wae
Batch Normalization laifiusz@nsainluids
nauf nsindsudeyalidainaiivunzanis
aonndesfundnnisvesnsiFeusidsiniiosue
lng Goodfellow et al. [7]3n15USugUuuy
Jayanaunisinaeuduedusznauddgyaes
Pipeline N15i38u3

3.5 Yadnrinvedduing MobileNetV2
\esa1ndedfnanidnenssuvesluing
MobileNetV2 gneanuuulvisutdoyatidivuin
WINTFIUFUNMUWINA 224 x 224 Tinkga Tuns
Uszanana fetulumsidelitesndusedinisiy
muazBeavesgUnm dauandluguil 5 Fains
YSuanvungunmduatu (Full HD) snudndqu
nauiin1sATey (Crop)
224 x 224 i Tudugavheneuiidgluma

AW E U

2245224 (MobileNetV2 Input)
X
: |
£ucisvavansy
.
1nuda90I90u lay)

adngaj
ding

Original (Full HD) After Resize [Aspect Ratio)

.
P s ucsvaudngis
fmaiin.

UM 5 uanawanisusurunanmuediieg
MobileNetVv2

og1alsfnnu uddeddadunissiuun
Uszniuledanamminaelaefinnsanjuiuy
laesuveswmiiv 1nniin1sieszideniny
Fadn nsususuianindu 224 x 224 finea

Jedsmssnuaudnuasiiiismeosenisisouies
Lea

4. msuwusyadaya )Dataset Splitting)

dielvinsuszifiudseavs e auuudnaes
fnnuidedonarvazsiouninuaiunsalunig
Juundayalnd Judenldnszuiunisuuya
Toyawuulganiey lneuisfoyasendu 3 diu
fdudaszeetu ldun yadeyaiinaou (Training
Set) Yatayansdadeu (Validation Set) uazyn
feyanagou (Test Set) TnefisrwaziBundsil

4.1 myeszianulieUsinadeys lny
Avuadadiunisneasiudsdoyailu nsdl 2
lagdl 10-10-80 way 10-20-70 laun
fnquszasdifiediaszriainalvesaninenssy
MobileNetVsian151U3 2gunUaslTuudoya
Anaeuntoldnineinsdeyaidiin nns
Wisuifleuiagteamynaunasenineiinm
foyadldlunisiFouinisnfitnes wazdium
foyaldlunisnsraaeuniiugniesiiiony
Awnsimesfivsnzaniian

1.2 whilvesyadeyatios

1. yaveyarinasu lddmiuliuuudiass
Seuiuazannnuanyuel¥eaviad (Visual
Features) annn1mvtiaeliuled

2. ypdeyansiaaey viwthiludeyayn
fudulusewinamsiinaeu ieldusuguen Batch
Size, Epoch wazldsauiumaiia Early Stopping
ietosrutyminisBoudiiuegradusyuy

3. yndoyanaaey vhnihiiduteyailiing
Huniuudnaesuiney tnegnuenlivsediu
UsednamiBsuszindlutuneugaineifissnss
o7 lelildFtnfiazounisldsuaisedng
Junans

4.3 M sduuisteya

iiolsinsusdeyaifulumundnnisad
fAtelduszgndldinadianisduuuuutsdug
(Stratified Sampling) ie3nwdndiuveaiuled
nmsmfukaziuladvhlulvdenuaunamiifuly

)
i

Y
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v '
o A

nYATaNatas wananddimruataululinin

9 Y
Y ¥

@ & [ i
wntawivledieidudesgninegluyn

N

]
PN
7

fouanduierfuiidu ietdosiuliymdeya
$lna e?fqmaa'qmaiﬁmmi’waammﬁ’wgﬂufuumi
2ONLUURNEVRlAULLNTISEUI AMAN Yol
hluvesrad fansnad 1

A15199 1 AISHUITIUIUAINAIUARNELAY
dAndrun1sin@su-n1sNAdauUsEansniw
-N13AdeU (Train-Validation-Test Split)

Split Class Train  Valida- Test Total
tion

Auled 420 120 60 600
Wi

;8_‘10 Gulsd 420 120 60 600
Pl
571 840 240 120 1,200
Auled 480 60 60 600
Wil

80 - c oy .

10-10 “wled 480 60 60 600
Ml
591 960 120 120 1,200

5. msWnaauluna (Model Training)

Tums3seildvinsvnasddnaeulumanield
$ruuseunsiFous (Epochs) fuansinaity daus
10 50U &9 50 50U Tneifinassas 10 s0U (Ao 10,
20, 30, 40 uaz 50 58V) WioATnansENUse
Uszansamvesluina yenainiideldnaaeu
WIAKUAT (Batch Size) 71 2 A1 fo 8 way 16
LﬁaLU'%&J‘ULﬁauamsauﬂumﬁL%&Juifsuaﬂmma
Tneiinsld TensorBoard  Litefnmuengag i
a1y leun Accuracy, Loss waz ROC  AUC
AaRANITUIUNSENaULULAA %qﬁ%ﬁumiwm
Toya Training Set La¥ATIABUAIIUYNADIAIY
Validation Set Tnglusmdseiimmunsuausey
n1si3uudgean (Epochs) 71 50 seu wagldnaln
Early Stopping ietlasiun1siia Overfitting
Tt Anmiua Validation ROC AUC (val_auc)

v
=

winalduFudiAtuntelusuiuseuiinivun
lunavznganisiseuslagdnludfuasdudin
wiwosnATaaly

5.1 MsUumsilineiuarnssuiunMsiseus

lutnagnuSunisiiiinadaie Adam
Optimizer lagiMuAgnIIN15I38U3 (learning
rate) 7 0.001 ududunpsguiivnzaudmi
nsinluLaa Deep Learning TusushunaIw
losnanunsaUFusnsn1sFeuiuuy adaptive
AUAINTIALOUATB LA WIS TmRTLA wagly
landunisgayde (loss function) wuu Categorical
CrossEntropy  Gaudlenddedavilifiosansnand
WAGIDDINNUIZANAIUTUNITIINUNUTZLAN
(multi-class classification)

5.2 NSANYINANTENUYY Batch Size

\iefinwwansenuresuunn batch (Batch
Size) lU3suiieuuszansanvedtunaiield
batch size fiunnansfuaase fio 8 way 16 lne
batch vwmdnduuilduyilinisiseusiiany
auidonunty widedldinadssuaanauiunin
Tuwaet batch aunlnajgrelinsilng Tuuss
TeniaannouaituaIu1salunis generalize
luaa

6. NMsUszdiunaliaa (Model Evaluation)

wdInESaaunsruIunsiinaeu Tunadile

a

ggniuUssliuUsEansnmeleyadoya Test
Set @slanpgnllunsiinnseusuusdsnsiines
wneu wWielinsusziiuasiouanuanunsaly
nmsvhunedeyalml WWegradunans

Tun1535eildnsUssiiunatdausuna
(Quantitative Evaluation) Hundn laeiansan
23 Yananss1enis LitelvinsounquiiRves
UszanSnmiiuanasiuveslumasiwunuszinm
WUUADIAANE (Binary Classification) Tneilsndia
il

6.1 Confusion Matrix L‘ﬁumiwaéﬂmam%
yiunevedluinanvieendy 4 nsdl laun

"N _ . e
Elq 018e1SIFAINSSUAERNSIIa:MSIVENBOUINNSSY
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o AMUESFAONSSUAANS UNS.8ahu Sneniumuoulinu
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True Positive (TP): ¥unedndusiuladniiy
waztduulodniiuass

True Negative (TN): viuwednduriules
il wazdudulesimluase

False Positive (FP): siunginduivled
wifu wedudulesiluass

False Negative (FN): vihuiginduiulea
il uifudulasntuads

6.2 Accuracy (AMULLUENTI) LansdadIU
maﬁwmuﬁaaﬂwﬁiumav‘f’lmagﬂﬁawiaf\i’mau

ADYIINUA AIFUNT
(TP + TN)
(TP + TN + FP + FN)

6.3 Precision (AULUUGTIUIN) TAAIY
gnieavemegeiilumaituiginduivled
NUY AIFUNT

(1)

Accuracy =

TP
Precision = (2)
TP + FP
6.4 Recall (M3ATOUARY %130 Sensitivity) In
Avansavadlunalunisasrtuiulednily
VavuATIHioga3e feaunis
P
TP + FN

Recall = (3)
6.5 F1-Score WuAMaauLTI815IuinYa4

Precision  4ag Recall @sazviouainuauna

FEMINMINUILYALALNNTATITUATEUAGY

$:9:| n1 nslAsuna: mslnsauvaua
(Stage 1: Data Acquisition & Pre-| processmg)

&

mssausauvaqa

F)
s:g:0 2: andagnssuluina
(MobileNetV2)
(Stage 2: Model Architecture)

Precision x Recall

Fl=2x

(@)

Precision + Recall

6.6 ROC AUC
Characteristic — Area Under the Curve) $ %39
A1550UzluMaNITUsEUAMUEINNTa NS
° < & Y] 2 &
FrnuntIvlednduvaziivladnaly
TngfansananfuntansIn ROC
ANUANNUSTENINNAIONTINITIIUIBUIND TS
(True Positive Rate: TPR) WazansIn1syinug

yankiiey (False Positive Rate: FPR) 9@ung

TP FP
TR = — FPR=
TP + FN

(Receiver  Operating

FALAN

FP + TN (5)

A1 ROC AUC 7ilndiAes 1.0 wunefisluea
anansasuunlafunn vaefiendilng 0.5 uanein
luaaldaiunsadnuunlafniinisgu (random
guess) uenaINiileade Confusion Matrix e
LaAIIIUIUAITTIUIE LA Al ULARE AR A
lagnse uazadresrgarunalugiuuy
Classification Report ﬁaj‘ﬂﬂ"l Precision, Recall
Waz Fl-Score  vosusazaand wioua1ads
Macro ey Weighted Average [8]

91n38nsdnfiuaiuiing1aun annsaasu
Wuunun N unoun15%191u (Research

Workflow) Iﬁéfﬂgﬂﬁ 6

o4 =
s:g:0 4: N1SIALA
(Stage 4: Evaluation)

s::i 3: n1sinluina
(Stage 3: Model Training)

(Data Collection)

gavoyanmw

ms Scraping 13ulsi gRvo:
(Image Datasets)

(Web Scraping)

Toyanwiisausa
EQ et )

an1Uaenssu MobileNetv2
(MobileNetV2 Architecture)

9904}

(Data Splmmg) @
(Performance Evaluation)

msiAseuveya ) misiailioos

(Image Pre-processing)
msUSuvuianw (Image Resizing)
msthliiduussiagau (Normalization)

) +
— msinuvaya

(Rotation) ~ (Flipping)

(Feature Extraction)

(Fine-tuning / Transfer Learning)

S msifviaigashmunys:inn
(Classification Layer)

(Data Augmentation) §
@ 4y [y
_,! Tuavaa lobal Average
MSHYU — MISWanmW (l:?ndmm:a ) m

i
'&“.!‘," 1
i
P dodsamsanua

f" (Evaluation Metrics)

msﬂnua nsawaau[uma ‘accuracy) (Pracision) [ Recall

(ModalTramIng& oy pracison | eca

n‘lsmn‘lHyperparameters msiuondods )

=0 (Average Calculation)

(Hypalparametevs Semnu)

Batch S
(6‘\46-! Mmels & lelll 2018)

Voyaninseundd
(Prepared Data)

Learning Rate
Epocl\s
Tasuaswiuina Tumafdnido | Wonoulan i
((mmm Mode) (Adaress Overall Accuracy)

Ut 6 wunmdunoumssiumuide (Research Workflow)

i JElq 21881SIFONSSUAMEARNSIIAa:MSIVENBOUINNSSY
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NANITNAADIKAZNITIAUTIUNA

unilihiaueranismaaosweanIsUsegndld
Tuwa MobileNetv2 Tunrssnuuniiuladniiy
paulatarnaimutinaeivled Inenisnaass
fufiunisaeldduneunaynisaeaiiiimuals
miﬂimﬁuﬂizﬁm%mwmaﬂmmamamquﬁﬁ?ﬁ’@
UM Town Accuracy, Precision, Recall, F1-
score uax ROC AUC iteagviousisnugnéios
1pg5uLaANNAINTTALUN1TTIMUNLTEnTY
JEAUAANE

1. psmUszansninvesling

HANISNARDINUINIULAREINITAIILUA
Auledniiuesulaldegsivse@nsamlnedean

1.1 Accuracy = 97.0%

1.2 Fl-score = 0.97

1.3 Precision ua¥ Recall ogluy3e 0.95-
0.98

1.4 ROC AUC
ArRanaldgvieuIlunaiinnuaIunsalunig

fanlnaAes 0.99

WENLEEANWULLTINN (Visual Features) 89
=3 f v u @ s o Y 1w & a
Aulganduiuiuledimlulaegietnau Meluds
ANUYNABILAYTIN (Accuracy) Wa¥AIINALAR
5813749 Precision iU Recall (Fl-score) A1 F1-
score  Tigauanslimiuinlunaliiieusvinung
gNABITIUIUNIN WATIA1UITAANTY False
Positive uay False Negative laaenedl

Uszansam Fafinnnudfyegredsluuiunves
msnTduiulesniuseuladl

2. mMadIpuiisuAuuide

dlewFeuiflsutiunuidedld MobileNetv2
Tulanudu q dakanslunisiedl 2 wudn
UszAnsnmveanuifetoglussdulndiAssty
Nunaunt wlvTundeyaazuansiiaiuegiadl
ffoddy nadwsile (97%) egluseiulndidsi
UAIUNINTITUYIR LYU $1UT09 Nair et al. [4]
uaz Aufar and Kaloka [10] iefioganiuless
anwazdudaunit @deanu lonou lavun uaz

aeAUsEnaUNsnvaInvaie) Jsanunsaasula
311As9a519909 MobileNetv2 Falduuqin
Inverted Residuals Wag Depthwise Separable
Convolution AUaNNsaluNITAIAMEN MY
Fanniiflaseadradudeuldd uilawuaylily
awinginly

M157199 2 WIsuLguRaans MobileNetV2

N3y lewwdeya  Accuracy  Fl-score
Patel et ANSHNNG 91.2% 0.91
al. [9]

Aufar bNWYANT 99.9% 0.99
and

Kaloka

[10]

Nair B. J. ponkyl 98.3% 0.98
etal. [4]  ayulns

mATeE  Suledwtiu 97.0% 0.97

3. nansenurasiimeinisindeu

lunsneaes §Idelavinnisuiumniwes
ndndail

3.1 Epochs: 10, 20, 30, 40, 50

3.2 Batch Size: 8 ay 16

3.3 Data Split: 70-20-10 tkag 80-10-10
HANINARBINUIN

3.4 lowfinsuau Epoch 910 10 48w 30 A
Accuracy \iinduegnereiios

3.5 18140 - 50 Epoch AUszAnsamisy
Asfi (Plateau)

3.6 Batch Size = 8 T#A1 Validation
Accuracy  gsnindntiesluuiansd lagainns
VAABINUI Batch Size awinién (8) lirAau
wiugganirvnalug (16) lesmnlumangwj]
N1338usl8ean Batch  Size  wumdndaeli
N3¥UIUNNS Gradient Descent HAdudlunns
U%Juﬂqﬂﬁﬂﬁfwwﬁﬂ (Weights) vestulunilssey

"N _ . e
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¥

n1913u3 dwralilunaaiuisaiseuidnume
Wwziiasidunseu (Fine-grained features) ¥4
wiinIuledndu Wy jULuvreadurumanie
dudanwalianiglannin wazdedreliluinag
wanidgsnisinegluga Local  Minima sl
wingau (Poor Local Minima) l@#nan Batch
Size vuwlwg [11]

3.7 Data split WUy 80-10-10 lvinadwsd
adesnindndes fesarnaninenssy
MobileNetv2 usiagidunuuiiansvuindn us
E'Tqméfmmaﬂ%mm%aﬂaﬂﬂaauﬁLﬁmwmﬁaﬂ%’u
UN151 TR D3LHATEUARUAIIUNAINTNAIB VDS
foya (Data Diversity) nisifindndiudeya
Anaewiuiosaz 80 Frelilumaldiiugluuy
vosntniulediluuazuledntuiifiaig
Fudourasnsifingalduainvaredu demald
lunaillenaifinnnsi3ouiiinseungy (Better

Generalization) uazanaAuLUsUTILRtN 1Y
nageuiuteyailliineiiiu denalilddiaanm
wiughgeis 097  TeazvioudsUszandainnis
Bouifmnzaumelinineinsieyaiitlogeis
ophlo

4. n1swTsuiisunagansvelunauuyn
Validation 91nnan1snaaosvosluLng
MobileNetv2 nglditeulunisudadoya (Data
Splitting) wagAmIsfiwasnisiinasudiuansng
i wudldimaiiuseansaneglusedugeegia
avnae aedian Accuracy a¢/lu19 0.93 -
0.97 Fauziien Precision, Recall ag F1-Score
9851319 0.92 - 0.98 Feagvioulfifiufeninu
wefsveslinasensiAsuulamnniwesudn
lAuA 91u2U Epoch  Lazwuim Batch  Size A9
wanslunsedl 3

M13799 3 Hadnsvedlumauuyn Validation MIUNTULUYATRNARAZIWIALUAD

Split Epoch Batch Size Accuracy Precision Recall F1-Score ROC AUC
70 -20-10 10 8 0.94 0.93 0.95 0.94 0.9689
16 0.95 0.95 0.95 0.95 0.9706
20 8 0.96 0.94 0.98 0.96 0.9797
16 0.95 0.94 0.97 0.95 0.9822
30 8 0.96 0.95 0.97 0.96 0.9794
16 0.96 0.94 0.98 0.96 0.9806
a0 8 0.96 0.94 0.98 0.96 0.9811
16 0.96 0.94 0.98 0.96 0.9831
50 8 0.96 0.94 0.98 0.96 0.9781
16 0.96 0.94 0.98 0.96 0.9825
80 -10-10 10 8 0.95 0.98 0.92 0.95 0.9892
16 0.95 0.98 0.92 0.95 0.9900
20 8 0.96 0.98 0.93 0.96 0.9958
16 0.95 0.98 0.92 0.95 0.9961
30 8 0.96 0.98 0.93 0.96 0.9964
16 0.95 0.97 0.93 0.95 0.9967
40 8 0.96 0.95 0.97 0.96 0.9928
16 0.96 0.98 0.93 0.96 0.9961
50 8 0.97 0.98 0.95 0.97 0.9969
16 0.93 0.95 0.92 0.93 0.9942
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Abstract

This research aims to estimate rainfall amounts in different regions of Thailand using
temperature and relative humidity data obtained from meteorological stations in each region of
the country between 2014 to 2024. The data was then used to calculate the amount of water
vapor in the air. The calculated water vapor content was then correlated with the rainfall
measured at the same station. The results showed that the relationship between rainfall and
water vapor in the air was relatively reliable and could be represented in a mathematical
model, which would vary depending on the region. When tested with an independent dataset
from the year 2025, the monthly average rainfall from the model a good agreement in
distributions and trends with the measured values, showing no significant difference at the 0.05

level. The root mean square error (RMSE) was 38.693 mm.

Keywords: amount of water vapor, rainfall, upper air data, surface data, mathematical model
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1. Introduction
Water the

composition indicates the change of weather,

vapor is atmosphere's
cloud formation, rain, fog, snow and hail etc.
In addition, the amount of water vapor in the
atmosphere has a significant influence on the
reduction of solar radiation through the
atmosphere to the Earth's surface [1]. The
amount of water vapor is part of the
hydrologic cycle. The water vapor is a carrier
and distributes heat to the atmosphere and
the surface. It has heat retention properties,
making the temperature of the earth warm
for living [2]. The amount of water vapor in
of the

in  centimeters.

the air is expressed in terms
precipitable water vapor
Which can be said in terms of the height of
the water in the column of the atmosphere,
if the water vapor inserted in the column of
the atmosphere condenses into water [3-4].
The precipitable water vapor in the air is rare
and there is no measurement of water vapor
in Thailand. The amount of water vapor is
related to the relative humidity and air
temperature obtained from the upper air
data. It changes according to latitude and
season [4-5]. The heat from the sun causes
water to evaporate into a vapor floats up in
the air. When the air temperature decreases,
the the

condenses into small droplets floating in the

water vapor in atmosphere
air, they will gather into clouds. Water vapor
in the clouds gathered in a large drop of
water to fall to the ground, called rain.
Temperature and relative humidity are
important factors that affect the amount of
water vapor and rainfall, higher water vapor

levels increase the chances of rain [2, 5].

Rainfall is a vital and essential resource for
all living things. Rainfall refers to the height
of accumulated rainfall on a flat surface over
a given period of time, assuming the water
does not

seep into the ground. It is

measured in millimeters. Climate change
makes rainfall patterns difficult to predict. It
is highly variable and varies greatly across
different regions [2, 5]. Accurate and precise
forecasting can effectively reduce risks to life,
the economy, and the environment [1, 6]
Rainfall is also a significant global issue
because it affects every aspect of human life.
Accurately predicting rainfall is a challenging
task today. Thailand is an agricultural
country, so rainfall is a major factor affecting
the

spread of diseases and pests, the occurrence

agricultural vyields, food production,
of natural disasters, and biodiversity. This
research presents a method for estimating
rainfall from the amount of water vapor in
the air, using readily available surface data
(temperature and relative humidity), which
can be applied in areas  where
measurements are not available.

2. Materials and Methods

This research, the relative humidity and
air temperature data from the upper air data
during 2014-2024 were used. There are only
4 stations in Thailand namely, Chiang Mai,
Ubon Ratchathani, Songkhla and the Bangkok
Meteorological Department. This is used to
calculate the amount of water vapor using

theoretical equation [2-5].

1 0
W=——IMpdp (1)
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where w is the amount of water vapor in
centimeters, Mp is the mixing ratio at any
the
acceleration due to gravity (986.665 cm/sz),

pressure level p (decimal), ¢ is

Po is the atmospheric pressure at the Earth's

surface (mbar), P is the air density (g/cm3).
The minus sign indicates pressure decreases
as the height increases.

The amount of water vapor from upper
data at the four monitoring stations between
2014 to 2024 was correlated with the surface
data (temperature, relative humidity, and
saturated vapor pressure) at the same station
and simultaneously in the mathematical
model to calculate the water vapor of the
stations that does not have the upper air
data. After that, the mathematical

was tested using surface data and upper air

model

data of the same station using data in 2025
which is independent data to test and find
the efficiency in the form of root mean
square error (RMSE). Finally, rainfall data from
29 regularly monitored stations nationwide
were used, including 7 stations in the North,
8 stations in the Central region, 7 stations in
the Northeast, and 7 stations in the South.
The monthly average for each region is
calculated. The relationship between rainfall
and water vapor data at the same station
and time period is used to create a

mathematical model to estimate rainfall
using surface data for different regions.

3. Results and Discussion

The amount of water vapor from the
data

correlated with temperature and relative

upper air of four stations were

humidity, which is the surface data at the

same station and the same time, as shown in
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Figure 1. The results showed that data were
in  mathematical The
(R") 0.891.

Relationships was fitted as the following

correlated models.

correlation  coefficient was

equation.

2.00
175 | In(w) = 0.0451e + 0.3794

R?* = 0.891

0 5 10 15 20 25 30 35 40
e (mbar)

Figure 1 The relationship between water

vapor and vapor pressure.
w = 1.461407 exp(0.0451 e) 2)

where e is the vapor pressure (mbar). It is
obtained by the product of the saturated
vapor pressure (ey) and the relative humidity
(RH) at that pressure level [2, 5].

RH X e,
= (3)
= 100

The

depends only on the air temperature (T) in

saturated vapor pressure value
degree Celsius. The saturated vapor pressure

(in mbar) is calculated according to [2, 5].

17.67 X T)

= 6.112 (7
Cs ®*P\T 1 2435

(4)

The with

independent data that had never been used

model  was  retested
to build the model, using data from the four
stations mentioned above in 2025 to verify
the accuracy of the model. It was found that,
the amount of water vapor from the upper
air data was close to the value obtained
from the model, where the RMSE was 0.528

cm and the R2 was 0.851. This model was
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used to calculate water vapor for stations
without upper air data.
The data from 29 stations across four

regions of Thailand during the years 2014 to

2024 were analyzed to identify the
relationship between rainfall and water
vapor, as shown in Figure 2. The

mathematical relationship between rainfall
and amount of water vapor in each region
can be analyzed and shown in Table 1,

which varies according to the climate of each

region.
500
@]
450 @ Northern region
400 7 B Northeastern region
-E- 350 H | . 8
£ 300 - A Central region
= 550 4 O Southern region g
I
E 200 -
£ 150 - "&
100 - d
Bm
52 1 A L, :cﬁo
0 1 2 3 4 5 6
The amount of water vapor (ecm)
Figure 2 Average monthly rainfall and

amount of water vapor from 4 regions of
Thailand during the years 2014 to 2024.

Table 1 The Equation of relationship

between rainfall and amount of water vapor

Region | The equation of the relationship
North | RF=0.0026w*™ ;R’=0.871
Northeast | RF=2.9074w’+0.4992 w’ - 62.601w
+100.56 ; R =0.931
Central | RF=0.0002exp(2.658w) ; R =0.808
South | RF=7x10" w** ; R'=0.843

The model was tested with independent
data, which had never been used in the
modeling by using the same data from 29

stations across four regions of Thailand in

2025 of the same stations to verify the
accuracy of the model (show as Figure 3). It
was found that, the monthly average rainfall
from the model agreement in distributions
and trends with the measured values, the
data are not significantly different at the
confidence level 0.05. The RMSE was 38.693
mm and the R was 0879 with the
relationship as shown in the equation.
RF = 0.8667(RF,) + 9.9098 (5)

| RF = 0.8667(RFy) + 9.9098
R2 = 0.8799

o

T T T T T T T T

0 50 100 150 200 250 300 350 400 450 500
Rainfall (mm) from measurement (RFy,)

Figure 3 The average monthly rainfall from
the model is compared to the measured

rainfall in each region in 2025.

4. Conclusions

In this paper, the rainfall is estimated
from the amount of water vapor in the
atmosphere using mathematical models. It
was found that the rainfall is related to the
amount of water vapor in the atmosphere,
which can estimate the rainfall from water
vapor data. The mathematical model for
estimating rainfall in Thailand is divided into
4 regions. Each region has a relationship
between rainfall and the amount of water
vapor in the atmosphere. The results of the

study were as follows:
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1) Northern has a
relationship, the correlation coefficient
equal to 0.871.

2) Northeastern region had a polynomial

region power

relationship, the correlation coefficient
equal to 0.931.

3) Central
relationship, the correlation coefficient
equal to 0.808.

4) Southern
relationship, the correlation coefficient
equal to 0.843.

region has an exponential

region has a power

The rainfall model was compared with
the measured rainfall. It was found that the
rainfall were consistent and very similar, with
a root mean square error of 38.693 mm.
There were not significantly different at the
confidence level of 0.05, and the R’ was
0.879.
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unAnga

n9ifeadalinguszasdiiie 1) Wisuiisumnuansalumsesnuuuuianssuveindne
founazndinsdansBeulnelddumesidnuesassnds (Intemet of Things: loT) wag 2) AnwiAIudia
weolavesin@nufiionsdnnisisoudlaglddumesidnvesasimds  ngusedna loud dndnwnsedy
Vg medvnneluladnisfne aasfnummand wninerdesiudiume aedeudl 1 Innsdnen
2568 41U 30 AU Launlagnisidenwuueialading n1539elduuuununisidenaunnass (Pre-
experimental Design) WuuUNauigITnNouLaENEIN15NAREY (One-Group Pretest-Posttest Design)
inesleldlumsideusznouse 1) wwunsinnisBouslagltdumesidnvesassmds d1uou 8 a1v 2)
wuunageuinAuamnsalunisesnuuuinnssy Wudeaeudaiy 1 do Azuuufin 100 AzwuY uaz
3) wudeunumufielavesiFou addnitlunsiinsizsideya loua duade dudsavuinasgiu
WAz ttest WUU Dependent Sample Han1533enUdn 1) Adua1nnsalunITeaniuuinnTsuves
UnAnwmdaseu (M = 82.63, SD = 6.91) ganinneuiseu (M = 54.20, SD = 8.75) sgailiudrAgmia
afiAfiszu 0.05 (t(29) = 15.87, p < 0.001) uarilvuindvidwagenn (Cohen’s d = 2.90) ua 2)
thinwiiinruiianeladensinnisisouslaglidumesidnvesasndslnesiuegluszduanniian (M =
4.64,SD = 051) wamFiTagsieuliifiuinnsinnisSouilaelddumesidnvesassnasannsadaada
ANEIsatuN1seBnLUUL IRNSTNveinAnwseRuanuAnwlaegediusydnsam

Arddny: Buwesilnveasands, mssenuuuuinngsy, N15ANTeBNLUY

Abstract
The purposes of this research were to: 1) compare undergraduate students’ innovation
design ability before and after learning through Internet of Things (loT)-based learning
management, and 2) investigate students’ satisfaction toward loT-based learning management.
The sample consisted of 30 undergraduate students Semester 1, academic year 2025 from the
Department of Educational Technology, Faculty of Education, Ramkhamhaeng University,
selected through volunteer sampling. The study employed a pre-experimental research design

using a one-group pretest-posttest design. The research instruments consisted of: 1) eight loT-
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based learning management plans, 2) an innovation design ability test in the form of one essay
question with a total score of 100 points, and 3) a student satisfaction questionnaire. Data were
analyzed using mean, standard deviation, and paired-samples t-test. The results revealed that:
1) students’ innovation design ability after the learning intervention (M = 82.63, SD = 6.91) was
significantly higher than before the intervention (M = 54.20, SD = 8.75), 1(29) = 15.87, p < 0.001,
with a very large effect size (Cohen’s d = 2.90); and 2) students’ overall satisfaction toward loT-
based learning management was at the highest level (M = 4.64, SD = 0.51). The findings indicate

that loT-based learning management effectively enhances undergraduate students’ innovation

design ability in higher education.

Keywords: Internet of Things (IoT), Innovation Design, Design Thinking
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\Wisuieunala

3. M3IATIidaya

AR IEAINaINnsalunseRNkUY
uinnssuneunagndsSeulagliaaie (Mean)
LLazéauLﬁsmwummgm (Standard Deviation)
WIHUMEUATLULABUS B ULAE AL HUM I AT A
t-test WUU Dependent Samples ALASI¥RAIIM
flanolavesfiFoulagldanadonazdrudonuy
UATFIV

193111 V2IN15ITY

ﬂ?ﬁ?ﬁ&ﬂ%ﬁ‘ﬁi%’uummu One-Group
Pretest-Posttest Design @venafinansynusie
Aanunsanely laun History,  Maturation,
Testing  Effect wagStatistical  Regression
waNINi M93eNNFUAI8813UUY Volunteer

Sampling @1aneliiin Selection Bias 1i18391n

A1 9n3deenatusipalanazaduaulaniu
waluladgandndnfnwiitaly dadu n1sagy
9198man13delldainAnwseivgaudne
lngsIuAIsnTeyimenusednTeds wasalsl
msfnnalngliisnisdusetimienisiangs
fagnefidanumannuaneanniy

HANINAABILAZNITOAUTIEHA

1. wansiSguiisuanuaansalunis
gaNLUUWINNIINYRnAnwneuLasrauTeY

Nan15iATIeideyalagldadi ttest wuu
Dependent Sample ieSeuifisuazuuunon
Sounagndaivuvesindnundildiunisdanis
Boudlaglidumedidnvesassnds (oT) famsa
i1
ANaNansalunIseRNUUUNIRNTSUVaAUSEY (M
= 82.63, SD = 6.92) ganinewseu (M = 54.20,
SD = 8.75) agadau Tnedinasnsradewintu

INNITNA 1 WU UNANEITAZLUY

28.03 AYLUL

HANITAADUMEERR Dependent Samples
t-test WU ATLULVAASEUEINTIINOULTEUDENS
fifedfyneadffiseiu 0.05 ({(29) = 15.87, p
< 0.001)

uenanil rassARaeiitsmudesiute
av 95 BYIE1INe 24.77 §14 32.09 AzLUL wansli
Wudnsdanisieuiinelddunesidavesassn
dedenaliazuuunuaiunsalunisesnuuy
uinnssuifintuetseiissuariinuuugly
nsuUszanaunegluseiud

A15199 1 HANSHUSHUIEUALWUUNDULS I ULATNALS B

Mean 95% Cl Cohen's
nInagay | N M SD Difference | of Mean t p d
Difference
neulsey | 30 | 54.20 | 875 [24.77,
28.43 15.87 | < 0.001* 2.90
32.09]
naasey | 30 | 8263 6.91

|
a

“lpdAgveadanszau 0.05
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dlofinnsanvundnina (Effect Size) wuin
A1 Cohen's d AU 2.90 %aagﬂuisﬁugqmﬂ
(Very Large Effect Size) m1uinads1ves Cohen
(1988) azviouliiiuiinisdnnisseuslagld
BuLmesiinuosassnasinanons Wy
ANELN50TUNTERNLUUNINNTINYBIUNANY
lumeufdfegraaudn laeidedfAgynig
adRwitiy

o a ¢ = v
N1319N 2 Nﬁﬂ’]i')LﬂiqgﬂﬂFJ’]NW\?WEﬂQﬂaﬂaL'ﬁEJu

2. HaN1TAATIENANTTaNDlIVR I TEUsD
n3fanisiouilaelddumesidnvesassnda
LAAITIANTT 2 91T 2 wudn dnAnwndl
pufianelasienisdnnisiseuslaglidumeside
vosasmnadlassamegluseiunniian (M = 4.64,
SD = 0.51)

518n15U5218Y Mean | SD ZRU
FruilevnAanssunisGeus
1. ilomneSoudiienuaenadoatuingussasdninious 461|055 | wnilan
2. Anssunmseudtelidladenldietu 465 050 |wnilan
3. fanssuMmsiteuiadsasunslasinveise 463 | 049 | wnilan
57U 463 |0.51 |wniige
aunsldmalulad loT Tumsiseus
4. gunsaiuazmalulad loT fmumsnzaniuionssumsioud (472 | 044 | anndign
5. M3ld loT Prglvananuilaluniseanuuuuinnssy 469 | 047 | wnilan
6. Mmsldugunsal loT fanuasmnuazlidudau 469 |048 |wnilan
57U 470 | 046 | wniige
AuN1TELEINANANES19ETIA
7. AanssunsBeuiilalenalvidndummlunsuiygm | 456 [055 | wnnfian
8. m3lseuitieianminAnansassdlunseenuuuuinnssy | 461|052 | wnfian
9. nMaseuiviliaunsaiawuAngiuwuueinnssula 457 054 | wniian
59 458 | 0.54 | wniign
ATUNTFIUTINAY
10. AanssudaadunsuanivasuruaaiiuseninagGeou 457 057 | wnilan
11. fi5sumansavhanusiuiugpuldedisiusyasam 453 | 060 |wnilan
12. myvhnunguagliianisiseuivai 455 057 |wnflan
52 455 |058 | wnilgn
Aulszleviian130anuuUNInNg sy
13, anwiitldFuanansathlldlunisesnuuuuinnssuléaie a7a 046 | wnilan
14. msFoutofiunnuiulaslumsiauuinnssy 470 | 049 | wnilan
15. M3iFoutoiauvinugiddudemsaiieuinngsy 472|048 |wnilan
59 472|048 | wnitgn
sautanun a64 | 051 |wniige

nneme: MskUanaradeldinnd 5 seau lneAade 4.51-5.00 maeda seAuuIniign
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dlefiarsandusiediu wudn yodud
Aadvegluszduuiniian Tnoduiidaade
gean lawn ausglevisieniseanwuuninngsy
(M = 4.72, SD = 0.48) 5098331 Ao uN3lY
walulag loT TumsiSeus M = 4.70, SD =
0.46) ﬁmlfjamLLazﬁﬂﬂssmmsﬁ'aui (M = 4.63,
SD = 0.51) AunsauasuauAnas1sEssa (M
= 4.58, SD = 0.54) 4agA1uNITYINUTINAY (M
= 4.55, SD = 0.58) MWa19U

idefansandusiede nui defidaiade
gean loun “anudilasuamsoiluldlums
ponkuuuinnssulaase” (M = 4.74, SD = 0.46)
5998911 fio “gUnsnluazivnalulad loT HAy
wigauiuAansIunsseus” (M = 4.72, SD =
0.44) uag “nsiFeuiteiauinueisuiude
472, SD = 0.48)
nan1sIdeazvieuliliugg n1sdnnsiseus

A5A519UIANTSN” (M =

Tnelddumnesiinuesassndsaiuisanovauss
AMuAeIn1edisuuliduegif waludu
omn nszviun1steus n1sldmalulad s
WAILIAUANAS19ETTA N15YUTINAY Lag
n3UsEgndldanuiifieniseeniuuuinngsy
A3UNANI5IY
Und@nw1daliuainisalunisesnuuy
winnssuvraaseugenInewseusgeilieddny
VEdRATisTiu 0.05 (1(29) = 15.87, p < 0.001)
TneAzuuuaineudeuwinfy 564.20 Azuuy (SD
= 8.75) LayuauIuUWINAY 82.63 AzluU (SD =
6.91) SinasnsAadominiu 28.43 azuuu (95%
a =
sAUgn (Cohen's d = 2.90)

24.77-32.09) uagilyu1ndnsnasgly

UnAnwrdanuiianeladenisinnisiseus
Tnglédumesidnvesassndslassinaglusesu
wndign (M = 4.64, SD = 0.51) Wilofinrsadu
51811 Wud1 aulselevideniseeniuy
winnssuilAadugean (M = 4.72, SD = 0.48)
589891 An mMumsldinalulad loT lunsiseus
(M = 4.70, SD = 0.46) Fuiilomuazianssunis

"N _ . e
Elq 018e1SIFAINSSUAERNSIIa:MSIVENBOUINNSSY
- — - — — .
o AMUESFAONSSUAANS UNS.8ahu Sneniumuoulinu
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Seu3 (M = 4.63, SD = 0.51) Aun1saaasy
ANNANES19EIA (M = 4.58, SD = 0.54) laz
AIUNTITYINIUTINAU (M = 455, SD = 0.58)
ANUARU

anUTuNa

1. nsdanisiseuslaelddumesiinves
433N AT WRUIAILEIN5alUNITENRUY
UINNTTUVDIUNANE

NANTSITENULN UnAnwidianuaiusalu
n1seenLuUNInnIsUNaLIsugIninauseY
agaildedAyn1eada uazlivuindnsnasgly
szAugen (Cohen’s d = 2.90) wansliliudi
ﬂﬁ%’mmiﬁauﬁmBT%Suma%Lﬁmaaaiiw?ﬂ'q
Aunsaduasun TN ANaINsalung
pankuuuInnssulang1eiuse@nsain wa
FlaNa1EIN150esUElAAINNTOULLIAR Design
Thinking U84 Brown [11] Wag Plattner et al.
[12] FaLa@uedin1sadsuInnssuLingin
nszuuMsTisunnsihanudlatynuay
AMUABINTTVBILLY (Empathize)
Jayunn (Define)

nSAvUA
N5aeuLIAA (deate) N3
WAUIAULUU (Prototype)  4AZN1INAEDY
U§uUgs (Test) TnsfanssumaiFoudluemidod
gneonuuulvfioulddndunisnuduney
fand1egnadoliles danalifiouainisg
BeuloseadnnuiiunisujoaaTuazimu
ufnnssuldifussuuinnty

wonand welwlad loT  fdnwarddud
Walenaligiseulaisouiananiunisaiasa
Wunisiiudena nsideusiogunsal waznns
afdunuuiianansaldauldads hldgiSeui
Hadnsvesn1seanwuulaviuil dawalviifinnis
BoudiBednuaznsuidametadususssy e
AOAARDINULUIAA Smart Learning
Environment fiifunisiBeuiaindszaunisalads
wazn1siufduiusivaninuindeunisieus

[13-14]
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Han153dedaaanndeiiuni1sfnyives
Sarnok and Jeerungsuwan [3] finuan Tuns
Y315 loT wag Cloud Computing @11150
auuanuniIsiseuiegeliatiunuielu
sefugaudnule iesangiFouasnsnidnbs
Foyauaznineinsnisiouildedredeiilos
sauadeaenndesiu Paliktzoglou
Vlachopoulou) [15]
330unssueg1nlussuudn loT Yreduasunis

Lag
Na3uannn1snuNiu

1SUU3LT9IN (Active  Learning)  AMSITEUTWUU
Aiewlugudnas wagnisauinueumig
FRIsuT 21

uennd wan153deadsisannadoeiy
Kaewta et al. [6] imuinnsldunasmesy loT
arursaiaurdnea nvesdiseulunisadig
WINNIINAIVA wazaenndesiu Buachoom [7]
finuiAansssiuoud loT  AuuuIn1easiy
ANWIILEATUNTEUIUNITEDNLUULTIAINTTY
vesfi3ou Ifsaenndosiu Sriwanna [8]
o9 sdnnisseuslaglilassnudugiu
Fuduwmelulad loT ausaimuinuduuis
nsvasiseulneaiiduddny

oeslsfionu suiadvnaiinuluemidonss
dfdnganndewisufisuiuiuitenisnis
Anw il Feenvasvioudnuuzianizveingy
fregaifudadnsladnsiunside Jeomaidl
wsagslagumaluladgandnindnuiialy s
213A5UBNTNAIINATITU UL UNITITERUY
nguiAedITaneuLazndsnimaasedildingy
U FitualsinuRafienNTETnTeTe
wazarsinisAnydnlagldnisesniuunsided
duudenntuluewan

2. thdnwianuianelasienisianisseus
Tnglddumesidnvesassndsegluszfuanniian

Han153denud dn@nwdanuiianelase
msdnnsiFeuilaelidumesidnvesasnislae
sueglussduanniian edlorafiosnainnns
Seudie loT WalenalvSeulaasdieufjus

234 TUHFuRUsAUUNTRIase wazau1s0ase
wasuidusussaildsenuios vilrgFouiu
mqm%aﬂaﬁwdwLﬁamquwﬁﬁ’umi
Usvenaldluaniunisalats danaliinusegela
wagAusAndnAlunsSeus
HARINANIERAAR DAY Ghashim  uae
Arshad [1]  #iseyin loT Hreidsuunuinees
Aseuangsuansluilugasisesdmnuiiiunis
aslloUFUR uavaenadesiu Hsiao et al. [2]
wuiinsldiadesiionisouifiiamivuiugiu
0T HrefinUszansawnsiiouduaznnsidon
JIUVDIITUY
defarsanidusediu wuin fudselowd
semsoenuuuuinnssuildadegegn (M =
4.72) srailesangiFouanisatiiauiuay
vinweiilddululszgndldlunisesnuuuuay
WanrduluuuInnssulaase fileudefuits
ABIANYBINANTTUNTIUS LTIV T NUaZNT
lldlusuinn aenadesiuwiifn Education
2030 484 OECD [16]  Mtfudinisfinwimas
Wawauaunsalunsainuavi (Creating
New Value) waznisundaymlulanass
Tuniemsedudiy arunisvinausuiud
Anadediign uwidsegluszdumniigainiy (M
= 4.55) Faenaagyiouliifiuin nrsamn
winnssu loT  dududeserdaanuimiamadn
LagnIsLUIUNUIMAITYauiteou fiSeu
udmoadivinUszaunisallunisiauiu
i videdaruuandsinuaudugiunasines
Adva damaliinisvitausiuduiainuionme
1NNIFuBY wadwdfenanaenndesiute
Aunuves Buachoom [7] As1eaudngi3eusin
Usvaudgymlunisuszaiuany n15919uNy iag
AsdAnIsiaansEndnenIsRmuItusiu loT
uan1ni nan1sifuaiadasvioulifiuia
mMsdnnnsBouslaelidumesidnvesassndsl
fissdawasionadugniiuniseenuuuuianssy
ity uddasadieUszaunisainigdousd
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Y a U Y1 oA ! o Y a d!
Aseusuindauasavarunsainlyldlaete g

Wudnwauzdidyroinisseuiluanissuil 21

<

[ a

LazaenndeafulLIAnNsIFEuSITa0onuUUTiYs
U BUTNIUNITATINATIANANULAZNS
uAtgmiluuTunasa

o819l5f7 udfinauifeadidasnuiinis
FansFeuslaglddumesidnvosasmndinaids
UINFDAINAINITOLUNITEBNUUUUIANTTUVDY
UnAnw1og 19l tyd1AYNINENR Lanan15Ane)
aananaldlaaenadesiudeAunuuidIuves
sATeAeunih Fss1osiinish loT wldly
NsANTUNTYUIinnaleUsznIs 1wu A
wiouvaslassadiaiiugiu AnuuAnAsaIinge
Avvavesisey Jymeuwmeaila wazaiunses
Ve [1, 4, 15] ANULANGAINYRINANITIVY
219AAINUTUNVRINITIANTTITEUSlUUITY
pfailfifiniseanuuuianssuniunszuaunsin
Weeanuwuvegrauluszuu finnsdawmsaugunsal
loT Wiileane wayliAuuginseninan1sufun
Aanssuodissiaiilos dwalfiFouaunsald
wieluladiiteatiuayunisasduuuuuinnssuls
ogsfiUszAS A manAnIUTUNAg Seuseandyy
doinfnnruinatanIeninegInsnisisous
uenanil nqusegreiiiuiindnuiladinglaidn
$nsmaans Fsenadlusegslanazannuanlafy
waluladgsningBounly Jsoradudladeniad
dalvinaIdounnd1991naideneunii

3. HANTENUVDIAILUINIUABNANITINY

Wi HanTIdaEnuIINTIanIsseuilag
T¥3umosidnvesassndsdenalsinimaansaly
nseenuuuLianssuvesinAnuniiutuetied
odrAgynisatfuazdvuindnsnasyluseduas
11N (Cohen’s d = 2.90) winan1533we1alasu
dn3waaindauysniuuissensiliananse
munuleeganysal

Usgn1susn giseuenadianuuwananeiuly

aulsraunsalaungnumalulag loT  way

1%
£% A

VinweAdviaiiugiu wiindideaziivdoyanina

Tiszneumsliasziuainiy Jiseuiniinugiu

Pl
o

Aumaluladunnniienvanunsaseus wagia
Funvuuinnssulisaniiininisoudd
Uszaunisaliles

Usznnsfides mnaLAnAsunan1siSou
wAvarauuazdnenwlunsSouiveiouee
dsmadoanuannsalunisyaudladen
wazn1susrendldanuilunisesnuuuuinnssy
Faonadidruilinadugrindaiouwnndnety

Usgmsiiany nisdafansaaludnuuznig
Munguenavinliindnsnaainujduius
seminafiFou 1y nMsuanasuaiing ans
Hrewmdenunglungy vsen1ieirvesaundn
U19AY F9019dmaneTEAUNTSBuTUALANS
WAIWIAINAINNT0IUN1T00NKUUUIANTTUVBY
HLSEuLARZALLANFTY

uan1nil nideadailduuuununiside
WUUNGULAEITANBULAENAINITNARBY (One-
Group Pretest-Posttest Design) @413ld3u
HANSENUANABANAINABAINATINETY 1 Ka
YOINTINAFUNDUITEU (Testing  Effect) N3
LU?ﬂEJuLuJaqma,Jﬁﬁmwamaqﬁﬁau (Maturation
Effect) LLaszmizﬁmauaﬂﬁﬁmﬁﬁussmqami
7aaag (History Effect) Fatu uiHwansiseas
azvipulwIllgavInvemsianisiseuilagld
Sumeiinvesasands usmsianunameniy
seiinsgds wagenstinisfnwdlasldguuuuns

U oAa -

piinaumuANiiedudunanisIdeluouinn

q q

D

Jorauanuzlunisinaddgluldy

1. nsdgaeuluszivgaudnwanunsain
wwann1sdanisiieuslnelddumesidnues
a53nas (IoT)  $IuAUNTEUIUNISAREIONKUY
(Design Thinking) luszendldlunisdnnisiseu
Msaey ieduasumuannsalun1sennuy
UInNITU N15ANAS19ETTA Larn1sLATynaa
FEUUVBILTEY

2. aondunisAnwinisaduayunisda
an muandouniaisuifidedoniswaun
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WINNITU LU N15IAMgUnTal IoT  wulwes
lulasasulvnsaiaas szuulASeY1y Uay
unanwesuaa1d elviiSouldinfdhuas
WALAULUUEIINTIUAINENUNN TN

3. faoumseanuuUAINIINNSEBUSITR
lomalvigiseuladdunisaiunssuiunis
Design Thinking 8814ATUNIU FausnnsAn
Jgym nasimuadgrt n1sasiauuifa n1s
WAFULUY WaznsnaaeuUiulge ileliAe
MsiFeudidsdnuazaninsadonlosesdninudg
msasuinnssuldegnadugusssu

4. \flosannuanisidenuindunisiienu
Sfudidnademniviudy wihzeglusziuunn
flagnfnnu faouiensdaaiufanssunsious
wuuiiy masvuaunuymihilungy wagnnsly
\n3esilefdviaiieatuayunisieusufuli
1Ny

5. namsveaunsaldiludeyaussnaunis
Wandngnsviesedndiysimuninvesiuy
winnssy walulaBidvia uazvinueuisanssuil
21 dwmsuindnwiseRugaufing

Forauouuzdmiunsitenssdaly

1. msAnwinaveInIsIansiseuilaeld
sumesiinvesassndslasldzuiuunisidoids
wmaaqﬁﬁmjmmuqu (True Experimental
Design %3© Quasi-Experimental Design) e
Winanndefiovemanisidouazanionnany
RaAUATINIETY

2. arsvenengudlegieludauindnyily
anun3vrdunieuniinendedu iefnun
AuaEnsalunsuszendldgunuunisiseusiu
uFuniivainuats uazifiuauaiunsalunig
91989man1 T8 lUdiUszrnsluaening

3. pasfAnwduUsdufionaldfudninanin
msdamsiFouslaglidumesidnvesasnds 1wy
AUANASINATIA Winwzn1TuAtdgm) Hinwenns
Werusauiu aussourAdvia wazaanudu
Ausznaun1suinnsy

4. AITANTUNITITYRUUNANNANY (Mixed
Methods Research) lngifiudoyaidenanin
WaRuainnsduniwal n1sdune n3enns
Aipsedtuay eesuionalnuaznssuaunisd
MR guatusaimuiAuaInsalunis
penuuuwinnssulaAD

5. ArsAnwINavesnIsidinalulad loT
srufumaluladadviadu wu Jygyruszvg
(Artificial Intelligence: Al) mﬁmiwﬁ%aﬂa
yualuey (Big Data Analytics) #semanuduass
\@ilou (Virtual Reality: VR) Wieuiuuszansam
YBINITIANITLIEUTWATNITAMUIUTANTTUVDY
A
49311AYDINTTINY

1. meideadeilfuuuinumaidonuunga
WWerinnaulLaznain1Inanasy (One-Group
Pretest-Posttest Desien) @udun1s3deuneu
NAa9Y (Pre-experimental Design) 399191750

a

dnsnavndadenteuenitldarusaniuqule

MNUUA LYY meiﬁﬁﬂwuaﬂszijmiwmam

Qe

(History Effect) M3LUAsULUaImNUSTINT RV
Hi3eU (Maturation Effect) agnaann1snagey
naulseu (Testing Effect)

2. nquea9813laN19INNITIEBNKUY
91a1adAs (Volunteer Sampling) e?fq;liwﬁ’ﬁm%’a
gnadanuaulansouseyalanunaluladgania
Fnfnwaly dawalvinisdradananisideluss
Uszmnnsnanaamssiiunsseausedasy T

3. naudegraduiinfnwiniedvimealulad
ANSANEN AEANYIAERT UANINYIRYTIUAILNG
WBeLeLAYY F9019dlUdnAnaIuAINaINTa Y
nsagUdBamaluegiSeuluiundu

4. W1E38ENYIBIUAIVANANINATS
Seuslimileudunnngy wikiSeusiadaiiy
upnsnenuluguUszaunisalnsidmalulad loT
FnueAdTanugu warUszaunsain1sian
winnssu Jsenvdmasienadnsveniside
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5. n1sUseiliuauaiusalun1sesniuy
uinnssudumsianalutinamdsdugansda
Aanssunsiseudiudl Jedaldarunsoasviou
ANAINUYEIALSkasinyeluTsezendld
FadunsiinisAnefanumalussozeniuiu
Tusunan (3U7 2)

U 2 MseenwuUiINTIuNISSEus loT
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