JNSa1sHVaUllaswauN

Slagaaonsni Tuwszususraunun

aranmaasuazinalulad

2 o
L. R
ROTETINA

VRU Research and Development Journal /2t sl

Science and Technology
Un 20 avun 2 (IRduwnBNIAU - IRBUFINIAL 2568)




3E153euasan Alavaainsal TuwszususIYUIUs ISSN: 3027-7353 (Online)
aundnermansuazmalulad Ui 20 atufi 2 (Feungenau- Fswau 2568)

o s

MUsedIn

9

1. diedudenandunisimeuninanuunaiy
ATen1eeuiInendmiansuazinalulad laun
91713 TNYIFIEAT NITUNNEG WAL VNN
INYIFEARSTITUYIR INUATANERS INLENERS
Uszgndt Inemansaanndes Imnsaumeans
@191 wazmaluladansauma giinide
timmnmsuazadaily

2. MBI NANLUNAIATE o s
fufiluseduimin nauimin dua ny U
vioyuvy untnide Ynimniswazymnarialy
IpauanuramATedanansoy

3. ilednasuaiusauiiolunisuaniudeu
ANAMIAN AIUTNIAUTNEIAENT LAY
walulad laun 919115 Inermansnisunme
WAZFUNN INYIPNENTTITUYIR iNwATAENT
Inremaniuszgnd Ineanidandon
Fenssua1ans @198 ug wazinalulad
a1saund saulufsuszaunisallun1side
JEWINEnIUU

GRLEE

anUuIdnas WAl
UINEIREIA g lasoaIngal
Tunsyususyudud

AVUADDNLNELLNG

Uaz 3 atiu

atufl 1 @Wnsay — Wwnew)

atiul 2 (WeunAY — Famaw)

atufl 3 (Fueneu - Sunew)

AnuEfiUEnEn

56054008 AvANS

37.09.951 365U

wet. 5. A6nA fagaiding

NALYINAT LU

UTIUNSNNT

919159 A9.A3I550U NaLAY

NDIUTIUIZNIT
1. ALAT.ANINA ansTauviay
2. A.nsUTveytiu dage

a &

3. .05 0N UY DUPY

4. f.05.85899 lyenmn
5. 57.A5.83%Y guanade

6. 3A.AT.GNTWUT UIaUnay
7. 56105 380uNS yanwayasel

8. IA.NT.UIATEY WAIULAY

9. 36.05.WdwYE AI5UNA
10. 5A.A5.19101 19218
11. Assoc. Prof. Rameshprabu

Ramaraj

AMTHANYININTANTUAZINEUNS
919158 17i%0ess Juzned sanys
971915679y Aantloy

WIS Nwa] ANy

U9ENIUTEN YaAIUnNs

weydnA Tused

a 1

fnfagaunius18azdenlan

anfddeuasiann aminedenvigalageasnsal Tunssususyuiug

UNINYIFBNTARG
unIgdumalulad
NILADUNAINITUATINTLD
wIngaemalulag
SIVIIAAATULN
UNNINYTHYTNN
uIngdumalulag
NILIDUNATUYT
UNINYITULNYATANERNS
aoduwnalulag
WIZADULNAT
1AMMTAIANTEUd
aoduwnalulag
WILIDULNAN
IAMMTAIANTEUY
wIngaemalulag
WITIOUNANITUATIUTD
WIS R TARE
WY IRULLY

W@ 1 vy 20 auunwialedu ni.48 YR UserimseBuns
muaraewmils 81neRaama Jminunusiil saluswild 13180

sdwst 0 2909 3036

E-mail: rdi_journalsci@vru.ac.th

Website: https://s006.tci-thaijo.org/index.php/vrurdistjournal/

JaaukazuNANIuNTasU
< a < ya
WuanuAaivvesginusineaniy
naUsTsAUNsN1shitidrusuinveuluiiand
wazdaRniulLg uiatnsln




3a1533euasian Alageansal Tuwszususyudus
duInemansiasmnalulag
VRU Research and Development Journal

Science and Technology
UNUITUITNIT

NsanTITekariau Jlaveansal lunsesususyudud avinermansuazimalulad
%’mﬁﬁuimﬁi’mqﬂszmﬁﬁaLﬂuﬁaﬂmﬂum'ﬁmaLLWﬁ'wamuumam%’amaé’m?mmmam‘LLaz
welulad ginidonazdaulaialy uasiileduaiuanusmdelunisuaniudsunudaiiu Al
mafAnermansuazinalulad uazUsraunisallunisidesenineanidu dald$unisuseidiu
AMNINITANTIVINTINAUE 819 s Tansansine (TC) Tnegndaliidu 1nsansngud 1
awingimaniuazimalulad dimuneoniweuns Jaz 3 adu de atdudl 1 (Heuunsiau -
Wouwmen) atudl 2 (Houngquaiau - Weudwnan) atufl 3 (Heoudueiey - Weusuinaw)
dwduinideifielsrasdazdsiuntuieasdfinilunsansifouassinu s aunsodaunam
Fesinanandinesussansnisldlaenss fedunaruiteiiaueveffiuiadedsineuioldedly
syysvelausasifailunsasatuduniey FaumanuAdesinanazsdodldiunmseunasUszidiu
aunmndouldsuauiureulRfuineunIngnsanand (Peer Review) Tuanu ity 1 fiun
NUaINAIAnITN V8ITANTIFLRATHAIUY TIUIU 3 nunesuadiun lngnssnandlingiu
Fofdnud uavsfdnuslinsuiodvsnand (Double-blinded Review) unAL3deiildsunis
finsanffaimounslunsansidowasiann fellunssudvivesantiidouasinm wineds
s1tgalaseasnsal lunssusurguiug sanidernuiamaviounsdnluiuien Fuusaglddy
oy inedaiduaednuaisnusvieiinsdredaegugniestaau Tnsidomduatud
Usingluansansidonaziamn \Junnusuingeuved Gnusunainuideies et laiauany
Hananduinanmatiansiiun

Hagiunsasideuaziamn 1 20 atufl 2 Woungquanau - \eudsau w.a. 2568
atuil Idnunuunauidemeiinemansuazmelulad $1ua 20 Fes wounsiin 2 doang
Tewn LUl http://rd.vru.ac.th waztiuled https://s006.tci-thaijo.org/index.php/vrurdistjournal/

anviell nenosusIBNT veveunszALMAYURlENsaTUay LAY dsHaTILUNAIL
W dTINaRRUN LT TITURALINAU DEN9ARARANY

81397136 A5.A39T50U waLAY
UM MNsanTITesasiam dlageainsal Tunseususyudud
avIngimansuazimalulad



GREVY

navasnsldlusiuainanddue aause Aruindrenadnvazmamenwuay
AAslasuINMsvaskaniusildnsanainuyusau

finun $eln¥ny UBavs waudetan qiamn Bosdad
nsiSeuisuyseanSansening FP-Growth waz Apriori Tun1s3iass
sUuuunsedudlugunium

fiayalng a3dud
ARTHROPOD COMMUNITIES IN THREE DIFFERENT AGRICULTURAL PRODUCTION
SYSTEMS IN WANG NAM KHIAO, NAKHON RATCHASIMA PROVINCE, THAILAND

Komain Booncher Benyaporn Sornsa  Sasitorn Hasin
STREAMFLOW SIMULATION BASED ON LAND USE/COVER CHANGE USING
INTEGRATED GOOGLE EARTH ENGINE AND SWAT+ IN AN AGRICULTURE-
DOMINATED BASIN, NORTHEAST THAILAND

Isared Kakarndee Pattara Rirugchart Nuantip Chaladlert

Pongsak Jindasee
nsSeuiisuusEansmuuuuInaansiteuiitedn Ussinnlasetiguszamiiiey
wuuaauligdu dusumsduungunwmiriiyluedads

atlgyay wsulees Shwn Buming alndu Wde
nswauwsvliifisnanavisliuzussauiunanafnwediefidy
fmiudavnayuy

AnAvius yalndnszga wsaddng Wulseiedy Andnad ¢ils Bv5 nanAs

yAdnA e3dunsduns Usilund Isga oAluA gunshuw
HauiBsamniifisvswadonmunmiiavesidenansed Saiagnasays

dipsal Seny 1135 d5AI
nsUssifiuasusurawsuivasaudinenaans uninendenuigalavansnsal
Tuwszususyudua

avie lefinans Isedan guaum algdun Indus
OPTIMIZING WORKFORCE UTILIZATION AND LINE BALANCING IN SME TIE-DYE
PRODUCTION: AN MPL-WP AND MPL-NWP MODELING APPROACH

Chanokporn Smuthkalin Anan Butrat
N1399NUUUTEUUNAN WA YAd LA TINgUWAZ I UURANNALTIOUSVBITZUUKUY
Bealnildtemalulaglolad

ugua Yulfos Mau1 wdw O3 03019 Fudvd Yutos
nsuunguAnesuHulagldnsUsERtaNanMLazN1TIANgRLUULAIY

uAUNS Wty du wueee ARY Wowh
DESIGN AND IMPLEMENTATION OF AN IOT-BASED AUTOMATIC WATER PUMP
CONTROL SYSTEM FOR RESIDENTIAL APPLICATIONS

Ongart Tubburee Kanyarat Ek-iam

4
UUN
1-17

18-32

33-46

47-66

67-85

86-101

102-116

117-129

130-147

148-161

162-179

180-194



#1508y (ia)

fukuuszuusdafisudaianananisinnuvesgunsalnansandauleelddumasiie
NNATIWAS

s 35uns afy svala usenyd wwndng
nsuinyadnnyaladaensléidudaunaulunsuindguienyszany

Useyu Anal
nswaLaznageuszuulsuaumizUgnannaaulaese uHauaN SN N

oo Jusmnann sind Laudyanevs Asiens Iasiannng
naiuyaruazn A ranfusindsednn (WBauas) Mndnudluuseiugiuiu
JNIngITUNS

$¥79500 JUNAR ANAT AT gt Taudsulana
FORECASTING THE PARTICULATE MATTER 2.5: A CASE STUDY IN CHALOEM
PHRA KIAT DISTRICT, SARABURI PROVINCE, THAILAND

Thanatorn Chuenyindee Puthipong Tanaveerakul Ardvin Kester S. Ong

Chatwaleerat Sakulsuksomboon
nsafaAuaneuznmalglunansissusideandmsunsAiumgunméoundu

§ndun$ duRtausnd aanqud] d¥wunga
NIt UNAITuTUSnwINguanefuds e YNy

WANNg ayvind dew auvuna (esssn AvEdumau Swn dssnoud
HunauauasrauaIvadingys 4 enenwug lusseznissgiulanieansiu

e gaun 2dud Unudn Aaowed Yunesd Tnea uiidwed

in3edlng gnssaens 3sAal aouagey

4
UUN
195-211
212-228
229-243

244-262

263-283

284-306

307-324

325-340



MsanTieuaziann tlageansal lunszususyudud auineeanswasinalulad | 1

HaYaINSIHIUTAUENAINAIEWNT DU DIUINSIHNDAMENYULNINIBATNLAZAMAINN
Tnguin1svaswdndudildnsanainuyusau

wuvun Jndy' U3gns whndedan’ giann Seedad’

Received : February 21,2025
Revised : May 21, 2025

UNANEYD Accepted : May 31, 2025

v

nMsfnudfifgUssasdifewauiuasUssiugadnwasnianienm iafl Lagqua1ng
Invunisvesandusildnsonunaudiuaanvyusouiiaiulusiulelean (Protein Isolate) farfnain
§28uA7 (Green Pea Protein Isolate: GPPI) 63u5% (Pigeon Pea Protein Isolate: PPI) wazdaUnd
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malamnnsia nansiinsesinadnuazmameniwnuin Ténsenfiadulusfuandauseiiiang
2979 (L) g9gn 53.11 uazdirnAnuuds (Hardness) wagaumden (Chewiness) Atvanzan duld
nsonuwauRUaTIsuTUsAuIndaundfleuTugean (p<0.05) ovar 69.02 uariiiodusiaiiuu
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EFFECTS OF GREEN PEA, PIGEON BEAN, AND FAVA BEAN PROTEIN ISOLATES ON
THE PHYSICAL CHARACTERISTICS AND NUTRITIONAL VALUE
OF JACKFRUIT SAUSAGE PRODUCTS

Pimchanok Runghairun® Parisut Chalermchaiwat® Sujitta Raungrusmee®

Abstract

This study was aimed to develop and evaluate the physical and chemical properties as
well as nutritional value of plant-based sausage products made from young jackfruit,
supplemented with protein isolates extracted from green peas (Green Pea Protein Isolate: GPPI),
and pigeon peas (Pigeon Pea Protein Isolate: PPI), and fava beans (Fava Bean Protein Isolate:
FBPI). The primary focus was on improving texture and nutritional value to be similar to meat
sausages. The experimental results were indicated that young jackfruit exhibits high antioxidant
potential, comparable to 193.56 milligram of ascorbic acid per 100 grams and contains a total
phenolic content of 3.76 milligram per gram/gram, highlighting its nutritional benefits. The
analysis of physical properties were revealed that plant-based sausages supplemented with
pigeon pea protein exhibited the highest lightness (L*) value of 53.11 and had appropriate
hardness and chewiness. The plant-based sausages supplemented with fava bean protein had
the highest moisture content (p<0.05) at 69.02%, with a firm and elastic texture. Meanwhile, the
plant-based sausages supplemented with green pea protein demonstrated moderate moisture
and protein content but had a lighter and more easily chewable texture. Consumer acceptance
testing was indicated that the plant-based sausages supplemented with green pea protein
received the highest overall acceptability scores for taste, texture, and overall preference, with
no significant difference from the control formulation (p=0.05). In contrast, the plant-based
sausages with fava bean protein supplementation were highly scored for aroma (p<0.05) but
requiring improvements in appearance and color. The plant-based sausages supplemented with
pigeon pea protein isolated received sensory acceptance scores at a slightly satisfactory level.
Therefore, green pea protein isolate showed strong potential for the development of plant-
based sausages that were made from young jackfruit, as it provided an optimal texture and high
nutritional value. The current study has been highlighted the feasibility of utilizing plant-based
proteins in the development of high-quality, consumer-accepted alternative food products.

Keywords: Young jackfruit, Protein isolate, Antioxidant, Plant-based sausage
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Hagtiuarudosmsensmadenililnidedn iifintuogiunn lnsamegnavnssuevig
madenainfievidoormsunaudiva (Plant-based food) Fsmainasiiulalusnmaaiuogwrioiios
Tnefiyarnanavilanyszanu 52.42 duneaansavsgluliaiaddngy 2025 uazanimainaziivle
dnevay 7.45 siot (Statista, 2025) TadswaliAnnsrummansasinadend dadu faummis
s wagih3uussyunnty (Boukid, 2021; Baune et al., 2022) Lﬁanmﬂﬂuﬁmﬁmmwﬁﬂﬁﬁ
wansznuvesUAdnideguamuarduinden uazdeinisannisudesinwaisueulaoonled lnefie
asusulasenludiindnnauadaiiidndouda 1 lu 4 vesuSuafmsounszaniignudesoonun
(Menegat et al., 2022) uaﬂﬁ]”lﬂﬁyiﬁﬂ‘i@ﬂLLUU@?@LauﬁﬁﬂmﬂLﬁl@LL@Qﬁﬂﬁﬂ?ﬁNLﬁﬂM@ﬁ‘ﬂﬂﬂW Lﬁaqmﬂﬁ
Uhinalluiuuduasinfegs Sufdostulsadilanarlsadossdu 4 esinsitonzanunild
Folmilounsiuduommsiionadeliifounsdumed laamzus e ldlngiedesay 18 mnuiloa
\ounsudszUiiies 50 n¥usiotu (Boada et al, 2016) Faewnil Tdnsenanfivuieldnsenumausiua

= &

(Plant-based sausage) Jufumadeniiuhaula lnefidmnefiondeusuuidedudia savd uaznme
malagunsvendednd nieuanaudssfuguamuazkansenudedauinden (Ettinger et al,
2022) Tagluilagduimsifiunuamislaguinisdaelsiuleleianainity (Plant protein isolates)
estelusiuleloananiivdaruaunsolunisaiiana msguh uasnnindiaduiiuandieiu
SﬁndamaﬁiaLﬁaé’mﬁaLLax@mﬁﬂwmwmwamﬁmeﬁmmi (Ma et al., 2022)

Yyuseu (Artocarpus heterophyllus) fdslssunudesilugiuzingAvainfivfiarunsald
nounudodnfld iosmnfidedudaiuduloadrododniidovluugean (khan et al, 2023)
uanani ayuseudsiidulueimsgs lutush uasiidedudandrododnilaglidowmunsz oy
nsuanun egnalsfiniy syuseuiilusivluuunas Jsenalsiifismesieninuseanisvesiuslnad
wpsmoIMsnfieiilusiuas dewgd Weiuatnnnduuududud aduuadusiuanfivid
TsAugs Tagnihanldsdvayuseudieliilinuamislavuinsiiaunauazdauaidiniassam
Fuiafifves Wijegunawardhana et al. (2021) ﬁmiﬁﬂmﬁsﬁﬁﬂu’hLaaﬁﬁaﬁuﬁﬁﬂmni’mqﬁumﬂﬁm
Wy Wsudadunn ansanaunulesiudnivazreaaiavlugeslénsonldogiaszauanudiia
Gethodudeduiauararuannsolunstnfiuii (Corea et al, 2023) pghdlsfniu Muideiikuan
whunslilusauiivfessiiafier vieldnszurumsuussuiildmnuieugs Wy msdnia (Extrusion)
Tun1sudaldnsonainiiy

Feiulunuised 16 denld Weiulelwanaind 3 vlafiaunsomnzugnldludssmelneds
finuantAirlunsdismandnldnsonunaudivauazannsaifiugaamistasunsliunndnsosile
Tnedaanuedaldun Saguwn (GPPI: Green Pea Protein Isolate) §use (PPI : Pigeon Pea Protein

Isolate) waz §9U1n81 (FBPI; Fava Bean Protein Isolate) saufiuayuseu Jaduingiuiufuiiidule
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1. ilefnwesdusznoumaaiiuasUiinumsinueyyadassluryusou

2. itefnungmsianzaulunisvildnsenunaudiuannuyuseu

3. ileAnwmavesnislilusAuadinandrduin dause dUndrenadnuuzmanIenIn

way AuAmslaruInNsveNdniuelldnsenunaudiuanuyusey
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1. MIATEUATDENVYUTIY

N13R3BUAI0E 19U UBOU AAKUAIIINITUDY Wilegunawardhana et al. (2021) Tagiuyu
goudildinaneandiniionnveniudenudrdsilnakiu aziiath suduiuuenudaesn aindu
salutidou 95 asmuwaidea iuian 20 it nseaetheen udlusrwiudigumgl 2 osiwaidea
Wunan 5 uidt mnduandav vssgluqeesgiidenwvuagginiauasiluuntiguvgd 4
asrnwadvadiaiulildludunousoly

2. MmsazvaudRn1sAuayyadaseal83s DPPH (2,2-Diphenyl-1-picrylhydrazyl)

vrwyuseulueuuiadaeias esouauseu (Binder 51 FD 115, Germany) 7 g g
60 psrnwaldoa Wunan 24 FaluwFeauninazuis udwelviasiden Fafegvyudousuwiay
7 2 n¥u WA UANLMIUDAUIIINS 20 §aAART WAIIUAT BINUATTAZANY (IKA Tu C-MAG HST,
Germany) 7 g g fivosiduinat 30 unit Sehansazatedieg1eluidies ot uind seans
(Beckman Coulter ju Allegra X-15R Centrifuge, USA) 71 3,300 soUADUTLIUAT 10 mﬁﬁqmmqﬁ
4 oariwadea wdnlaaduringUruiinsesienssatunsoaves 1 afnddetuneudndnads
UsuUsinmsaavielild 50 feddnsienmiuen ndufnwautinismafiuoyyadasy DPPH Tng
Anwlasa1ndsen waunes uavaiu winulad (2555) ngldnsauearesin (Ascorbic acid) 1uans
mmsgmﬁmmlfﬁwﬁu 0.0, 0.5, 1.2, 2.4, 4.8 lalasnsu/Aaaans ﬁwiﬂi’mﬁhamﬂﬁmmﬁ 515 Wllung
antufiniieadansw-1nsgiu udnharsdedeiiluansataanuyuseusn 4 Saddns Wiy DPPH
fenududu 0.2 daaluans Usuns 2 daaans wdnhluldiesosiwgnans (Labnet U Vortex mixer,
usA) andufuluiifiafunat 30 v Fahluindigandunad 515 wiluwasiondosadnlns
Iladiwes (GE U GeneQuant 1300 Spectrophotometer, UK) 4d3A11304311A 8@ 50 b N1567U
auyadasy senunalurnnuaunsalunsiueuyadaszvesasainnefiadnfuauysalvensn
woanasinlaeSuuiieuiunsmunsgIuveInsaLeanasin
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3. MFATERUSHUNUeANTINA283T Folin-Ciocalteau reagent

N139192931AT Iz USUIua1TUsENoURUadn (Total phenolic compounds) #2835 Folin-
Ciocalteau method ARLUaIIIN sUINTA] ANER WazAne (2560) Iaen1sUiunansainanuyugaus
0.5 fiadansudnfuansazats Folin-Ciocalteau reagent U3u10s 2.5 fiadans SuihluldwSeaagians
fanslilugumginendung 3 wifl Wuasarareardutudesas 7.5 109 NaCOs U313
2 finddns udnhluldndonaghansdnads nduivluidadung 30 v Sahlufadnsgandu
wasiinueandu 760 unlung sewaissadnlnslilafived AuinUiunuaisuszneufiuedn
ﬁgmmmﬂmﬂw;ﬂmgmﬂmLmaéﬂiuumﬂﬁaaﬂ%’mmﬂammﬂimﬂﬁﬂ (GAE) fion3y

a. mandalusleleanandatia 3 viia

nsudnlusiulelelandauuasain Ettoumi et al, 2015 Tagn5tdaduimansinsiaan
g ngamwa fauindranhialudedl uazduszanmaiedysnies Unusd idrevhaany
avorn sinlviutia udreulifigumafl 60 ssrnwaidea Wunm 6 Falus feiedoseuaniou ntuun
sheriasunazidun (Panasonic $u MX-AC300, Thailand) soulnglinzunseuun 60 we weldudai
udniluifuldgaanannad (4) ssmwadoadioiidreluduneudaly d933ddnutasmn (Barac
et al, 2015) anduhudedanauiuinnduiisnsidiu 1:15 U5u pH 1%du 9.0 Tneldleiou-
lansonles 1 Tuans Inevmdnsausuins (Gweight per volume; %w/v ) Tuniusieiaiosniu
ansaratsuIu 30 Witfigumnifes mnduthludumisd 1,500 seudeundt Wunan 10 wiiikae
wiestluwiesans wansazaedwlaadudninesuaniluudu pH Wiy 4.5 Tagldnsnlelnsnassn
1 wand agldansaransuriuanedumua diluvisausndnadedl 1,500 seudeun?t Wunan 10 wd
Mntudnedetnduaula Uiy pH idunans viliukadaegeuandeu (Hot air oven) figuuai
60 aarnigaidua Wunan 12 $lus wdunuaziBenfonzunss 60 we Iidulusiuleluan ussqlu
elesduuuaaania tilufufiaudu (-4) ssmwadea ielilumsvaassioly

5. MsAnungasiwanzaslunsvinlénsenuwaudiusanuyusey

5.1 manseuldnsanunaudiug vinsanldnsenunaudluanugnsuinggu 3 gas

Fauandlumsadl 1 Tnendnnunssuismananded turyuseululodulngldamuniigaunu 5 wiud
Tduzidomauamudsgesiusivlelnanuazudwiniu q wladu Jusdesn 20 wnil Wadsudie
upduuy 10 Wil audeiuds uasugausinausa undudeliidiiu vssaluldnanainuuin
Wurihugnans 22 fadues gniduviousn vieuas 12 lwufiues ilulviawsousigaungil 95 em-
waiea w30 wit lkiulugumgivies 1iunandausildgaesduuu gayiniaudldusd

Ay 4 asrwadeaiiat Il udunausaly



6| U 20 atud 2 (nua1As - AL WA 2568) finvun 9lnsey uazaay

M13197 1 uansdiunanvedldnsenunaudluagnsnIgILEsIIUse 3 gas

daunau (nfu) gns 1 gns 2 gns 3
YYUTBUALAN 500 500 500
LULLUDNAUN 8
HGh! 7 13 0.2
Yrmnansie
NIIBURNS 9 il 0.8
winlneen 5.5
wsnUu 1.5 0.05
ISRl 17.5 5
nanvuutleduy 175
utlsglneg 20 8.7
s 120 4.3
tstuiie 68.5 13
Wshuleloanandaumdes 60 191
nauaTy 0.5 4.5
dUUsm 1 3.5 7.5
wlalnnginu 27 20
asannandan 0.75
HaUITALAR 0.7
AN 0.5 0.05
anduntidu 0.5
nausaie 0.35

vsewe gasi 1 fauUasann 351nsal (2544) gasi 2 fAuUadaIn Wijegunawardhana et al. (2021) uazgnsi 3
finlkUasann Paranagama et al. (2022)

5.2 MsAnwravasnsiinvyusevluldnsenunausivassnndnuaznansam

1) AiseriesAalsEnaunenIen wvasldnsanuwaunluaEINIUEaU IATIEI
AdlagldiaT a9 Color reader (Hunter lab 35U Colorflex EZ 45-0(LAV), USA) Fa¥alusyuu CIE Lab
(L* a* b* A1 L* ua@nsds ANadNe o* wanaieduns (+a*) n3ediden (-a*) way b* uansisdinaas
(+b%) visoAitu (b Jnsvidedisag 3 4

2) Ainszidnuaziaduda TasTadanuuds anudaio audangu anudn
i1z aunileanduens aruwnilen famdesiloaideduia (Texture analyzer) (Charpa Techcenter
JU TAXT PLUS, UK) Tnen1sldvianaaay compression platens p100 wagfinnun Pre-test speed
1 fiafwnsroduil, Test speed 1 fadlunssoiui, Post-test speed 1 JadiunsnaIund, Distance
8 fladluns urazied1eta 10 ©1 Tuiinen Hardness, Adhesiveness, Springiness, Cohesiveness,

Gumminess ag Chewiness
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3) nagaun1sEaNTUNINUsEAMFuRavasldnsanunaudiuaanvyudau Anw
mMsgensuMsUsramddavemansusildnsonunaudiuaanvyuseuiiomgasildiunseensuan
a3 g3 Fe33n1sViAzLLLAYTILYEULUY 9 S¥dU (9-Point hedonic scale) TNATILLAILTEY
1-9 (1 = ldwevundign, 9 = veuuniign) deldgmaaeuduilisiunsindudiuau 50 au Tasdy
degsldnsen 30 n¥u (1313 2.5 lwuRums 8 5 leuRwng) $1uau 3 Su sewinenisTuseddliau
dreududiegns warlduuuasuniuduiaiesiolunisvaaey lnsnuvasuniuazniuieatu
armeuludnu SnuagUsing @ ndu sand eduda wazauveulnesu

6. MavaNAATTldnsenunaudivaanuyusauasulsAuleleanainga

6.1 Anwnavasnisidulusiylelatananasluldnsenunaudiuaionmdnumznig

NENTNVBINEANI
&nsenunaudiuaannayugeud liunisdndonaingnsuinsgiu asgniundny,

mawinlusiulelaania 3 wila 16un da8umn (GPPI; Green Pea Protein Isolate) §use (PPI ; Pigeon
Pea Protein Isolate) way §aU1ndn (FBPI; Fava Bean Protein Isolate) fi%ovay 30 (Wijegunawardhana
et al, 2021) Ineiignsfililalalusiulelmanandasis 3 wlindugnsaiugu

1) JA51TRNIAE Imﬂwm%& Color reader ﬁﬁa Hunter lab (Colorflex EZ 45-0 ;
LAV)) Bs¥aluszuu CIE Lab (L% a% b%) Sinsesidieesay 3 61

2) Sinserdnvaziileduia daoiadesdotailoduia (Texture analyzer) 8%
Charpa Techcenter ‘i‘u TAXT PLUS lagnnslaianaaau Compression platens p100 Lagi1nun
an1zlun15inAe Pre-test speed 1 Hadlunssaiuld, Test speed 1 fladlunsaoiui, Post test
speed 1 dadlunsn eI w9, Distance 8 HadLunT LAazA19871397A 10 1 TufinAn Hardness,
Adhesiveness, Springiness, Cohesiveness, Gumminess L&y Chewiness

6.2 Anwravasnisinlusiuleletanandluldnsenunauduadenuinumznani
vaenAnN e nsieseesAustneumaadl (Proximate composition) @A Usinasnnutu &
1Ushu Tt Tvems wagmslulawmsn muidaes Association of Official Analytical Chemists AOAC
(2010)

6.3 nagaun1sEaNsuva uslnasdaldnsanunaudiuaainvyuaauaiulusiy
lelaiana1nda eaeudnsazmeUszamduda Ing33 9-Point hedonic scale shefnaaauitlsiniiu
nsfinitud i 50 Au nadeuRMAmAUANYIEUTINg A ndu savA ieduia uageuveuTneT

7. NMFAATIZANENNEAR

Iinnidayauaziusuiisuantinisnenin wnd uasiiloduiaveandnineinield
LNUNITNAABILUU Completely Randomized Design (CRD) @2un15naaaun19ussainduiave
nandugivesldnsonunausiualdnisiauunITeassLuy Randomized Complete Block Design

(RCBD) iasngrinan1snaaadlagmiaAladguaydiullenuuningguvesteyauaraunlsusiy
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(Analysis of variance, ANOVA) WazTIAT1ZY AIINLANG 1978 9A 1LRE BUU Tukey's multiple
comparison test fiszfunLdesiunsainsosay 95 Melusunsudifagumaaii SPSS (SPSS 25.0,
SPSS Inc., Chicago, IL, USA)

Nan133dguaraiUsIENa

autAnsueyyadaszvesyuseunageuie’s DPPH Fudunsmaaouanuasnsalunis
Tilalasiausrnauvesansinueyyadassuniouyaved DPPH nultasadnatnvyuesuiiianuaiuns
Tumssueuyadaseifivuvitiunsaweanesin (Ascorbic acid equivalent) 71 193.56 fiaan3use 100
nfuneanesin lnedlvguaiansdueuyadasyavegluslvesarsusenauiluedn warliueed
Fniud Jeazvinausndunatsvidadsazdvszdniamgs ethvyudeulunaasuuiunm
a15UsEnauiluednsaual83s Folin-Ciocalteau reagent Wuindian 3.76 daansusansunsaunaan
Tasswideves sumnsal san wazame (2560) SBauinansatmanuyuseudiflosdusyneuluedn
wagtlalwesdiitoidunalndesiuiivarnanudemenielufiiinainnszviunsdunseilaas
anmeindeuionnluszezdouvessalifiazinsuiavadesnasnds Jededldasiueyyadass
Tunnsan Oxidative stress InpanUTuatulsiryusouiiansuseneuituednluszduuiunans
defieuiunalsifuviadu

MnmsAnwinavesnniinvyus sululdnsonunaudivagnsuiasgiudenudnyarnia
NMENNVBINAAA NI INNITIATIENBIAUTENOUNINENUTT AIANETN (L) A1Fund (¥) wavand
wdes (b9 vesldnsonunausiuagnsuInsg URANTLUEUITY 3 10819 AlAnIIT19T 2 Tapen

L* Uauaniiy Auadna (lightness) & Ardiaue 0-100 1 0 Ao @1 wag 100 Ao @v17 A1 a* dAdlle)

v
a o

(-a*) Ui Auna (+a%) A1 b* nuefedu1IRu (-b%) WRFEWHDI (+6%) MNNANITVIAABINUI grsh 1

'
d

HAMNaIN ANFLAS wazAdmAetanan Fausuenisdounaziinnuantanindeifisuivans

U

A °

au 1 ldnsenunaudiuaansuinsgiui 2 Saimnuainwnfgauasandunsiigailoiniidiunauves
WsRuleloianandundssdadelauauioussdmarilininujisenuaaisa (Maillard reaction)
VAR (Kutzli et al,, 2021) Tdnsenunaudiuaiasuryuseugnsuinsgu ansi 3 fdaauaing

wazAAUAIT0IANNAINENT 1 widAdmAsainduges 1 vilvdvesldnsenunaudivalasuvyuseu

gnsunIgIugRs 3 Inaldsiugns 1 anndian

M1399 2 HaATIEveAUsENaUN1ETasldnTONUNAUALUAIAS UYL WS OUARTUINTT U

Qm‘f/’i L* a* b*
1 39.02+0.13° 8.73+0.122 17.26+0.04°
2 35.13+0.07¢ 4.68+0.03° 16.53+0.07°
3 38.74+0.08° 7.91+0.04° 17.26+0.05°

newe > manefls Aladevesdayanifdnysiuanmeiuluiuins drunneeiuegredidudfiy meada (p<0.05)
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nan1saseiadedudavedldnsonunaudivaiumyuseugnanasgiuia 3 fegiaans
famsneit 3 Ingldnsenunaudivaasuvyuseugns 1 fle1 Springiness waze1 Cohesiveness gsflan
Ao 0.38 TuniireIui uaz 0.34 nfuAndidensiiundt audwiu dwalanunsadugulad lassasng
wilsruy esngasifinsliutidinaTeansofiunnudanguls esanutisdninadioady
anumilnvedlasaiiddasnisinduihludeduda duldnsonunaudivaaiumyusougnsnagu
anfl 2 fie1 Hardness 1 2065.64 n3u Aofiiloduifautunasudsiign id1 Gumminess 7 521.76 @4
duusituen Hardness figaBnitadsfidn Chewiness geamagil 159.12 dedadldusasnnniigamae
\ugasifilusivlelatanandumdesluuiinugs Wesnnlsiuloluandaaauialunisaiiaead
udauseszninansuse Yreifiuanuudslidundndue dauldnsenunaudivaaduvyusougns
wmsgIugasi 3 Senanuuds auwdendusnauazanumiswinii 3 ges daudenudangu
wazAraudainnziidesninldnsonunaudivaiaiuvyugeugnsi 1 sivlilassadiclaiuuinn
\esanddunaniiduudsuazlusivlelaantoouddonsguinslidesnlusauluutsinnguay

daur1 Adhesiveness Yaananingie 3 ansliunndneiunieada (p20.05)

M990 3 waN1FATIElAsITNE Nz e duiavesldnsonunauAlUAER NI DUERNTUINTTIU

Aiidn gasi 1 ansii 2 gnsii 3
Hardness (n33) 660.19+33.30° 2065.64+134.54° 412.53+26.22¢
Adhesiveness ™ (n3usiadunil) -2.95+2.82 -3.3143.16 -3.56+2.49
Springiness (FJufia3uni) 0.38+0.01° 0.30+0.01° 0.35+0.01°
Cohesiveness (n$13unfision§uiunil) 0.34+0.04° 0.25+0.01¢ 0.31+0.03°
Gumminess 226.40+22.43° 521.76+52.04° 128.49+12.83¢
Chewiness 86.64+9.59° 159.12+16.81° 45.70+4.85°
vanewn “vnedls Aadsvesteyafiiisnusiunnetuluuouey Saunnsafuegnedifoddey meeda
(p<0.05)

"yneia Aedvvestoyaiiegiuwuineuiiialiunnesiueaidudfiymieadn (p=0.05)

HANINAABUNISTEaNTUNNUTEa AU A0S ldNTONULNANALUAIIN VYU DUFATUINTF Y
wugnsil 2 lisuazuuugeanlusefuveuiunandusnudnwazusingd 7.54 §wdf 7.16 s
savdfl 7.56 duidledudadl 7.82 uazanuveulassad 7.00 Tngldnsonunauduasnuyuseugns
wasgIu gns 2 dldTunsuuugegalunndu snudundu warldnsengnsiilugn siduslnnduvey
wndign dauldnsenunausiuaninyusougnsuinsgiugnsi 1 fazuuudnuazlsingi 6.8 uas
sawd 7.28 FaflAnazuuunisseususesasn ualdazuuunduiniign 419191Ana1nsening
nszurumsliaudeu weinnguaueaiia Maillard reaction siliAnnaulvsifiudy Fsoraidu
nauilifisuszasd fiaenndosiunsfnunouninves Li et al. (2024) Basdrunauvosutsinnginy

liAnnduasiendulugl dauaisiiansanviulsesaanfuwazilodudaiioiuanuiinels du
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ldnsanunauluaanuyueaugnsuInTgIu gasi 3 ulaslinduillasunisveusvasani 7.72

'
o

winguuulududnuasusng saud wanidedutat feduidesannstiuuasTusiuluuiunms
vililassadsliiuiy iedudaay Tnsainnsinuves Dekkers et al. (2018) ientulasiadisves
dednfifion dosdinsldvenmarlutsinaimnzay Swziamuiovelamasvamdua doa
IﬁﬂzLLuuﬂ’JWJﬂJEJUIfﬂ‘EJi?@JG]A’]ﬁEjG] g efifudAyn19ada (p<0.05) Fanandlunisnad 4 srarfulu
Aol andidelddadenldnsonunaudivannuyuseugnannsgiu gasi 2 Wugasiiasdily

i butunausoly

M13°99 4 HansdeUNTsEeNSuYeIUIInANddeldnTonunauRlUAINYLLBO UGN TUINTTIU

gnsi dnwazusing i nfu TRV \iloduia AuYaulag s
1 6.80+0.49° 5.80+0.53°  4.56+0.45°  7.28+0.49°  4.60+0.49° 5.38+0.49°
2 7.54+0.50° 7.16+0.46°  6.22+40.50°  7.56+0.50°  7.82+0.38° 7.00+0.49°
3 5.24+0.43° 6.02+0.47°  7.72+049°  4.52+054°  4.28+0.45° 5.00+0.45°

nnewe “vangl Aladevesteyanifmdnusnuanmeiuluiuing deunnsaiuedradiduddey neadia (p<0.05)

lun1sneaestusound@nwinaveinisinlusiulelaianainddluldnsenunaudivaninuyu
BOUNDHUNINA AN AIING 18 ULAT (Green Pea Protein Isolate: GPPI) 619u3¢ (Pigeon Pea Protein
Isolate: PPI) wagd3u1né1 (Fava Bean Protein Isolate: FBPI) iUSsuiiisuiuldnsenunaudiuaainuyu
' M v 9 v o Y ! A @
gougnIInsguNliTunssaNTumMaszamdudia (fetgeniuay) fednd (LY a* b% uwazniseeusu
melsgamduda anmiessiaianuainvesieditldnseniilanuinldnsonunausiiuaainuyu

a1

' A a v a Y i a i a U o
@E]uVlLﬁﬁﬂﬂ?ﬂiﬂimulaisﬂLam‘ﬂ’]ﬂﬂ?LLﬁgmﬂqﬂqqﬂﬁqqqqﬂﬂﬂ;ﬂ mMSWIﬂﬁmulaIsﬂLamﬁ]’]ﬂﬂ?aulﬁq ey Q(ﬂi

o

mualifinuuanasiuegafidoddynisada (020.05) Ingldnsonunausivaainvyusouiiieiy
felusiulelaanandaunndiudiauainsdosiian dumeududuauasmanuiudivieses
Hogldnsonumaudiuaannvyuseunuiasianuunnsisiuegitudifny (p<0.05) WeRansm
ud gmsmuauiinfunasutaiigaidesanlidadeldnsonidednd udenuaiuasivdeseyly
seausflosuiuldnsonunaudivannsyusouiiaiudelusauleluianaindiuse dwldnsen
unaudluaanvyuseuindnmelusiuleluianandrdunniiianuainuasdmdesszduUiunans
uidunwiesfigauanidednunzdiigaiinin wandasildnsenunausiivainuyuseuiiiaiuselusiy
Telatanarndauind danuaineinfian uazduasiudivdosiniian wansdedidy wandusildnsen
unaudluaanvyuseuiiiasusslusAulolalanandiussianuaing dndesdidudn uazdundly
seAuUIunas vinlsinan Ausidai lanwutazadnadesnnlusauduse fdmdssanaisuszney

AupANMUFTTTUYIR PaLandlunns1e 5
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M990 5 A1 L¥, @, b* V0408 9mansi el ldnTenunauAluAIINYLUBOUENIAIUAN UALENTTILESY
srelusiulelaanainadstagiig 9

fn0819 L* a* b*
Control 38.95+0.41° 14.56+0.27° 9.73+0.32°
GPPI 38.51+0.42° 2.14+0.06¢ 20.45+0.04°
FBPI 35.40+0.28° 3.13+0.10° 10.1120.11¢
PPI 53.1120.25° 8.46+0.01° 28.06+0.54°

e gnsaunx (Control), nandneldnsenunaudiuannvyuseuiiasuielusiuloleananiiduni (Green
Pea Protein Isolate: GPPI) 12U1n81 (Fava Bean Protein Isolate: FBPI) Wag 6 21sg (Pigeon Pea Protein
Isolate: PPI)
ad < 4 v o daw o d e Lo oy A o w as
mneda Aadevesdeyandmsnusiwandiuluuwiss druandreiuedreiidedAny eadi (p<0.05)

naveIsidnlusivleluanandiluldnsenunaudiuannwyuseurenmdnuasmaniives
wAnS el nn1IMRaeImUiY geanaspudautudifian Aedever 63.50 fusfiueyiifesas
12.38 willosfugefigniosas 8.00 dsluldnsonunausivausinalutufinasenissnifiuii vinld
wanfasilsiukauazdaudanguinntu dudelowanddiiunansdosar 2.04 uag 3.01 A
finslulawnsniniisosas 11.02 dwalvindnfasigrseuaniidosuiagudianluiu uilensduuas
TsAusinignsiiaulusiuleloian daundndasildnsenunaudiuaanyyuseudiiaiuselusiu
lolmannnidunnienutuinnnitgnsrunu Aeferay 68.03 wurlusiuegiisesay 12.73 Hlusiu
oyifevar 1.27 dufelouazidrlndiAvsiugnsaivauiifesay 2.01 waz 3.01 muady
farslulawmsngadudndosiosay 12.94 dmsundnsusildnsonunaufivasinyuseuiiaiudoe
Tusiulelmanandainddarutugeanifosas 69.02 Ssvsvenindedudainiu duiumniiga
FadnSasiiifauguiugeiuldsunsuuusoniuanguilaageninanfasiiui dulusiuuayluty
Mnindetndufodesas 10.40 uas 0.64 mudidu idele 1 wavenslulewsngaiianiifosas 2.80,

3.07 war14.05 aua1du dmsundndueildnsenunaudiuanuyuseuiiasumelusiulolaanain

< i %

DUy nundanuiueyievay 68.32 WsiudAgeigneg1eiitodfy (p<0.05) Aosogay 15.15

= o w d' 1%

[~4 1 o a i3 6 v 1 =1 a a 1 CY) Ilﬁl
Faduddrdyresiivihmandaldnsenunawdivaliegsfiuszdniam dilvduegifevay 1.34
fgeluegniovay 2.05 Tidwazarslulamsniiignfe Seuay 2.53 way 10.60 Waisuiudiee1ai
wde lnenuin ndadasildnsenunaudivaninuyues uiliasudelusiuleluanaindidue wag

a o P ¢ ' A a v a o v o ° Y a o ¢
nanduelldnsonunaudiuaanuyuseuiasuiiglusiulelaanaindlingrdnavilindndond
Auduinludiafisuiugasaiuny Geagfiouisnnuannsalunisiniuinvesiusiumand lny
Idnsenunaudiuaninuyusesuiatuimelusiuleluanaindidueniiviinalusivasn Wewinay
wansinevesUsunalusAulelaanaindunazedainannsilavedlUsfunradn wu Albumin kag
Globulin #aflandimslassaiuaznisazarsuansdniu lnedadusnil Albumin ge avarenladiei

Tannsaadalusiulauinnit dwalilusiuleloianainduseliauiniign aenndesiusieauves
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Femandez Sosa et al, (2021) 771 Globulin faruanunsolunisazatsiainga uaziianis
Aggregation ﬁi’mﬁhLﬂuﬂduié’dwLﬁaﬁlﬁmm%'aw%t.ﬂ?{w pH %ndwaﬁiaﬂ%mm‘wiﬁuqmﬁwﬁ
annsadvlivdsnisatauaziileToufisugauemislasuinisvosandusildnsenunaudiuai
i ulunuitedivldnsenanidednifismelufesnan nuiildnsenunaudivaidoinans
Usgmsludugunn Tasamzludoswes Usinalviuiianas wey Usinalsewnsiiiutu edenad
soszuUMaiusInsuazanadssedsauziSsdlduaslsamile 91ndeyaues Song et al,, (2016)
uay Bohrer (2019) ldnsonanniflednilusinglutusglurasioray 20-30 wawdllusiutszanses
av 12-16 lneitlsifloewmsias shliuslaadssiontsinlsadefardnlifinse (ngulsa NCDs)
Turnsiindnsurnmiddeidiluiuiniedisdaa fmesmdumsd 6 Fehlhdusdesusiis

ARFUAIN

A157199 6 wavesnanlusiulelaianainaluldnsenunaudivasnuyuesusionuanuae Al

YDINARN U
P ﬂf'm%u T:Jsﬁu }%ﬁu iﬁa’lﬂ ] n ﬂﬁ}‘ulﬂmiﬂ
(S08az) (508@%) (ouag) (09@%) (¢HELH) (Soeaz)
Control 63.54:0.14° 12.38+0.10°  8.00+£0.04*  2.04+0.01° 3.01+0.04° 11.02+0.15°
GPPI 68.03+0.12° 12.73+0.02°  1.27£0.01°  2.01+0.07° 3.01+0.04° 12.94+0.04°
FBPI 69.02+0.25 10.40+0.07¢  0.64+0.10° 2.8+0.01° 3.07+0.04° 14.05+0.21°
PPI 68.32:+0.08° 15.15+0.09° 1.34+0.08°  2.05+0.04° 2.53+0.02° 10.60+0.02°

e gasmuay (Control), namAamildnsenunaudiuannuyuseuiieduselusiuleleanaindidumn (Green
Pea Protein Isolate: GPPI) §2U1n81 (Fava Bean Protein Isolate: FBPI) waz §7usy (Pigeon Pea Protein
Isolate: PPI)
Ay nea ﬁ%a?ﬁmaﬁagaﬁﬁ snusumnseiulunuads faunneiuegraiitodiiey meadn (p<0.05)

o

amnseidnuuioduiaveddnsonunaudiuannyuseugnaedulusiuleluanan
7 wuin fedemunu uay Ténsenunaudiuannuyuseuiiasuselusiuleleinaindaduin
fausy wazdaUngn fien Hardness Winfu 2367.32, 697.99, 1016.50 uag 970.51 n3u Mwdsu e
Adhesiveness 71 -25.58, -1.04, -2.00 Wag -3.09 n3ufeIuf auddu e Springiness AU 0.76,
0.29,0.32 kay 0.29 JUINMAIUIN ANNE1AU @3UA1 Cohesiveness Aa 0.59, 0.28, 0.30, 0.26
(MSUAUN/ASUIUNT) MIUEIRU A1 Gumminess AB 1406.33, 198.10, 303.73 way 254.97 AUa9U
gnvnee Chewiness Wiy 1079.87, 58.03, 98.22, 75.79 mua16U Fasodnsldnsenunaudiuann
yyuseugmstaiulusiulelaiananiiunéiimsesnanldnsenunaudivannyuseugnsniunsly
nasunndududuaes eniiunn Adhesiveness lnanavedldnsanunausdivaainuyusougnsiasy
Tusilelaanandaunndriusenndestiv siddeves Syannsel ASiae wazane (2566) lEAnwIns

afauazaudinianiinienmveslushuiylunsussendldlundndusidouwuuiliodnd wuinlushu
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Y a o 3

Ay Tanuaruisalunisasiaaanaznisiniuiniuig fednalindaduniiledudanwiulay

= '

Wiy 5ﬂ‘17iy'aé]’nL%ﬂmﬁ’vmsi’mmmﬂﬁmLﬁ]asuaﬂﬂiﬁuﬁl’amﬂé’ﬁlm”waﬁﬁqmnﬂm’ﬂé”hﬁhmilﬁmLﬁ]a
donAanIiuAT Hardness Springiness uaz Cohesiveness ﬁqnﬁqmluﬂduﬁaasjw ERNERRL RN
afid (p<0.05) dhushegisldnsenunaudivannuyuseugnsiaiulusiulelaianandouse daeg sz
Ununanslunnsnu wazldnsenunaudivannvyuseugasiasalusileluanaindadumfiaisiign
Feunndiu 33 anmuandnsuanuudsenaiaanlasaiiwedusiuloluanuazaiuansaly

a '

ANSASINIANLANANAY TUSAUIINDIUINDaLIUTAUINNDLTE TAua1u1salun1sEafnianin

Tsfuanaadunn vinlviiledudauyudu diud1u Adhesiveness lusiiulelaiananagaduiiuazan

Ysunaleduiinszangluilleldnsen dwalin1sdafinanas 61 Springiness Aubane uodsa

a o

Control o1a1inanAslFutisuazindnvundsivisasrslasiasanuuiiannsadanguls luvaed
Tusiulelmanlugnsduenaiinmsainslassainsiiiidnuasuiuusiy liuds lushu Gumminess vosgns
muauiiiinganannsldutaagluiuiigs dmsuan Chewiness vesgmsauauinansidlasty
wazudafidrvaiiennuuiyveslassains luvneildnsenunaudivannuyuseugnsiaiulusiy
Telatanandrdunniidnunsziaa seutjuiiduiusiudn Springiness 71 Wag A1 Cohesiveness 7is
fauansduaafianunsoaasldhedlafe ilimnedmsundnsurifdoanadoduiayy fseeu
Tusnsnsdi 7
NANSNAABUANLTBULAENNSERN T UvBUSlnaTiTrendnfausildnsenunaudiuaainyy
soudsulusAuloluianaindausinglumsiedl 8 nanismaasumsUszamandanuingmaaouduls
pzuLLAATEUTBIHARSsTlus ud v g @ ndu sav edudanazanuveulaei WA
fail gramuRuianazuuududnuasusngie 7.32 & 8.22 uandoduiad 7.62 drogman st
nsonuwauivamnayuseuiiaiudielusiulelaanandadumntu Isumnuveulassugeaaio
7.20 ilesanilazuuudiu savd nau LLasLﬁaﬁuﬁﬂuizﬁ’Uﬁqa drundnduelldnsonunaudiuaain
yyuseuiasumelusiulelaianaindandfinzuuufunauuas sanAunnnindiegwdu uiaas
Usudgsludnuasusnguard dwiundndusingsfusilénsonunaudiuaainvyuseudiasusiae
Tusdulolmamandause fazuuudnwazysing nau uazsanafluunnsdaaingnsaaunu (p=0.05)
sansAniandliiiuin Tnsonunaudiuannuyuseuiifislusiuleleananiadunlfsunsuu
anuveulaesgegaanguslan Feaenadesiusiesuves Kyrakopoulou et al. (2019) A5y
Tsfudrdunniuiidnoamgdlunsiauindafusidouuudednd esndauiGandniia
uaN9Ni Dekkers et al. (2018) eauinlusiufivaunsoinadilasadiaaadidousuudnume

a

vowdndusiilodailasgaiivsednsnin mnsimdunisauaudadeiiuanuiunagingiuiasy o

& o

donndasiunanisnaaetinuimsinlusiuiivludadiuimunsausiuduoyusou Fadiduloway

ANNTNTUES Pivduadulasiaiuranasililedudailuiivonsuiniu
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A13197 7 Nan1TIATIelasaTanesiledudavesldnsonunausdivaninuyuesuasulusiu
Tolganandvtings 9

Aniida Control GPPI FBPI PPI
Hardness (n3%) 2367.32+¢185.94°  697.99+41.94° 1016.50+78.96°  970.51+57.86°
Adhesiveness (n31Au9) -25.58+10.88° -1.04+1.16° -2.00+1.59° -3.09+1.64°
Springiness (3u#.3uni) 0.76+0.02° 0.29+0.01° 0.32+0.01° 0.29+0.01¢
Cohesiveness (n$13U#/n3uAu7) 0.59+0.01° 0.28+0.03" 0.30+0.03° 0.26+0.02°
Gumminess 1406.33+105.35*  198.10+11.65°  303.73+19.17°  254.97+14.93*
Chewiness 1079.87+89.47° 58.03+5.86° 98.22+5.72° 75.79+5.49°

vanewn gasmuay (Control), wanfasildnsonunaudiuannuyuseuiieduselusiuleleanaindadum (Green
Pea Protein Isolate: GPPI) §3U1n81 (Fava Bean Protein Isolate: FBPI) wag §3use (Pigeon Pea Protein
Isolate: PPI)
>ty e ﬂ"]La?{ﬂmaa%agaﬁﬁﬁaﬁﬂmﬁLwﬂmﬂ"mﬁquLLu'suau dAtuwananeiued 19l dud Ay neais
(p<0.05)

A1599 8 NANIINAAOUAINTBVLALNITERNT VTN USLnATITlnandndualdnsonunaudiuaain
yuusauasulsAulelaanangs

fieg1e  dnwzuing g néu FEYIRA oduia  arwweulnesau
Control 7.32+0.47° 8.22+0.50°  6.30£0.46°  6.64+0.56" 7.62+0.49° 6.96+0.49°
GPPI 6.22+0.50° 7.06+0.42°  6.90+0.54°  7.42+0.49%  7.52+0.50*° 7.20+0.49°
FBPI 6.08+0.44° 6.52+0.50°  7.28+0.52%  7.26+0.44° 7.30+0.46° 6.20+0.49°
PPI 6.10+0.46° 6.28+0.45°  6.08+0.48°  6.56+0.50° 6.42+0.49° 5.54+0.54°

e gnsaiuau (Control), ndndmeildnsenunausivaannuyugsuiliasudislusiiuleleianaind duen (Green Pea
Protein Isolate: GPPI) 92U1n&1 (Fava Bean Protein Isolate: FBPI) uay 92usg (Pigeon Pea Protein Isolate: PPI)
~ygnedls Anadevesdayafifididnusiuandsiuluuds Sauansieiueeefidodfy meadn (p<0.05)

TudhuveanslalusAufia 1wy Tusiuandrduan fUnd uas fMusedaisannisuilan
lsfudusn wazaeiaalnosea s?fﬂm'NmﬂwﬁmﬁmﬁmﬁaﬁmiﬁﬁisﬁmaLaamasaaqq I Micha et al.
(2017) enuinsuilnadodniuUssuiiamuduiusiuadssifiuturedsaiilauazuaoniden
Tusaugiinismaunussuvadusiuanfisiiuuliudisananudssdananls sdnsasildnsenunaus
warnuyuseuarlusiuisluridedldRowdidnuusmes samdudadioousuld uidsuans
dnonwlugiussdadasiomnsiduaiuauam funnedmiufuilaaddesmsanidodns uazdi
aulsemnsmadeniifauAvalasuinisgs
R

MnnmsfnwLasdnldnsenunaudiuannyusouiaiulusiuleluanainda 3 via nui
wanfusildnsonunaudivaanuyuseuiiaiuselusiulelaianandidumn liuazuuuaiuvey

lagsingeanludtusand ieduda uazaiuveulaesiuliuani1eaingasaivay Tuvueh
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Ténsenunaudivaanuyuseuiiadulusiuaniiunglduazuuugdlusunay uazdquandiluns
\Aaaaldd dmfuldnsenunaudiuannuyuseuiinanainlusiuduseiisasuuuniseeusumaiiy
Uszamdudaegluszdunelaidnifes uidalusAugsigaileiisuiulusivleluanviinduogied
Hed1Aty (p<0.05) ﬁﬂfuaqﬂlﬁdﬂﬂiauaﬁmmﬂfﬁl’aﬁmmﬁﬁﬂanwwqﬂuﬂﬁﬁwmwémﬁmsﬁlﬁﬂiaﬂLLW
auivannuyusewiiesnlidedudafivmnvay faruamnsoluniafnuasasiavesdiadul uass
anatslnruinis lurngfimsldayuseuiuosiussneundndussduiinumsiuoyyadaszogie
nsfnwinansifuisanudululdlunslslysfvannfindotmundndusomamadendi
aunmuazuiiseniuvesuilna

dalauauuy
wwInen1sfinesiellenafnwnaveanisfivaisussinnlalasnoaaseniiioUsuussan e
Weduda visefnwgamaiiuazsvezianiusnwiiieanunsasesealugnmsimundandivddely

238555UNTITE Uny

nsdnThanideilFsusesniesssunsidelunyed wninedeinuasaans iudl COE No.
COE66/081 9MNAMENTTUNTANTUNUANUING AR SAUAIN Heu1nsgIUNMTIdeuasauddninnass
anuddeuaziauwisminedeinunsmans Jsldiarsanlasinsideies wavosnslilusiu
afnaNdIdum Gause SN denuANvATNIINENM Wag AMAWMNIATUINTYOIHANS AT
Iﬁ/ﬂiaﬂmﬂ%u‘udau (Effects of Green Pea, Pigeon Bean, and Fava Bean Protein Isolates on the

Physical Characteristics and Nutritional Value of Jackfruit Sausage Products) Juiiseudes
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UNANED
nsiUTeuTieuUsEABmMSENINg FP-Growth wag Apriori Tunmsiasensuiuunsgedum

Tusmumun SngussasdliieAnuingainuduiius (Association Rules) uagluTeuifisudssansnmues

o

ane3¥u Apriori kag FP-Growth Tun1siiasigvigsnssunisdedunivesdusiaalusiuniui lagld

(%

foyagsnssuainiules Kaggle §1uau 1,000 918015 Wunszuunsmilieadeyasienivn Python

Y

o saa

wazlausns mixtend nan153enuIn ﬁgnaaaé’aﬂﬁﬁmmmma%ﬁqﬂgm’mé’uwuﬁmm Confidence
a3 1 ng (Latte) — (Croissant) flen Confidence 85% oe1alsfiniu FP-Growth fiusz@nSaingandn
Apriori tngldnanlunisuszanana 0.01 3und wazmiiieausy 30.34 KB vauzdi Apriori 19131 0.00
Jut wagmaeausn 30.33 KB Famngfugndeyatuiaidn Wil FP-Growth Sdaldiuseuludy

laseai1etayauuy FP-Tree aunsnannisawnudeyagiduvunzauiutoyaruinlvguasdudou

11AN3

AEATY: NANNFNILS MTIeTeineniidum milesleya dane3iu Aprior

danes7iu FP-Growth
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COMPARING THE PERFORMANCE BETWEEN FP-GROWTH AND APRIORI ALGORITHMS FOR
ANALYZING SHOPPING PATTERNS IN A COFFEE SHOP

Kanyanut Suriyanl*

Abstract

The current study, namely Comparison of FP-Growth and Apriori Algorithms for
Analyzing Shopping Patterns in a Coffee Shop, was aimed to investigate association rules and
compare the performance of the Apriori and FP-Growth algorithms in analyzing customer
purchase transactions in a coffee shop. The dataset, consisting of 1,000 transactions, was
obtained from the Kaggle website then analyzed using data mining techniques with the Python
programming language and the mixtend library. The research results were revealed that both
algorithms could generate association rules with high confidence values. For example, the rule
(Latte) — (Croissant) achieved a confidence of 85%. However, FP-Growth algorithms
demonstrated the better performance than Apriori’s, spending 0.01 seconds of processing time
and using 30.34 KB of memory. On the other hand, Apriori algorithms spending 0.00 seconds
and using 30.33 KB. Although Apriori algorithms are suitable for small datasets, FP-Growth offers
a structural advantage through its use of the FP-Tree, which reduces redundant data scans. FP-

Growth algorithms are more suitable for large and complex datasets.

Keywords: Association Rules, Market Basket Analysis, Data Mining, Apriori Algorithm,
FP-Growth Algorithm
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Tuanmwindeunisgsianiinisusdugs gusznaunisdndudesimuinagns wazusuly
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al v a

(Transaction Data) §a.fuunasdeyanazvioungAnssuvesguilan wazaiuisaiundnsiesiiie
W HUSEANSAINA1UNTTVIE LAaTN1SAATIA (Sun et al, 2024) inatiawilosdaya (Data Mining)

Junssuaunsiidaglianunsadumansaumaiveusgludeyavunalug iwethlldlunisdadula wu

o

MFIATIRRRLALEY N13AIRNTTEl vien1sIangugnAl wildlumedafiddglunisinaeideyagn

o

De
-

v A

Ap NMIATIEIRENI1dUAT (Market Basket Analysis) F9878AUMANUFURUSTENINEUATANAN

¥
o ' 1Y

fndesamiu Inedeyaildannsathlulflumsnausnilusiudy nmsdnizesdud vemsimunsiani
winnzau (strat & Lalic, 2017; Chusna et al., 2021) n13vIansUszandlddana3fiu FP-Growth uaz
Apriori fiuteyaginssuasweasgsiaiununlulsewalve lnslaniznisidSeudisuduyssansam
Bamaia Ifunnalunsszinana msliviisanud uaznunmengiild Wue1 Confidence
wag Lift definnuddgsionisldaueiwosiusznounis Sanosiiudideuldlunszuaunisd laun
Apriori wag FP-Growth Tng Apriori ¥naulaeasns Candidate ltemsets LLazaLmugm%aﬂasﬁ;mmsJ
adq %amﬂ%’wﬁ"wmniai’wmumﬂﬁﬁﬂﬁagaﬁﬁumﬂmj (Mustakim et al, 2018) vauzdi FP-Growth 14

las9a$1e Frequent Pattern Tree (FP-Tree) iioand uiuasslunisawnudaya Yroiiuuszaniam

¥
@ o

Taslowziugrudeyavuelug) (Hunyadi, 2011) MnivARatieiu uAdedidlingussasdifionw
uaziUTsuieudsEAnBamuasdanaifiu Aprior wag FP-Growth Tunnslinsngyiguuuunisdodudi
vosgnin Tnegjmidvihuafildluuszgndlifunagnsssiaduanlaiegieiiussansam
INUIZEIAYDINTITY

1. iflefnwngaudiius (Association Rules) vasdane3fiu Apriori, waz FP-Growth

2. iienSeuiiisuusyansnmuessane3iiu Aprior uaz FP-Growth Taedidauustunisuseiiiu

Processing Time Memory Usage Iterations

WAnliun13idy
n1337edldnszuiuntsuaninalaed 19899 nyadeya (Dataset) 4 sbau1ainiiuled

Kagsle.com lnerludeyagsnssuaniuvieniun wasaniunisniudunoudsil
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1. Busulpanisiigadayaaniules Kaggle.com Tigdasiugsnssunisteniunuazdui

w3y Tngyndoyalidnuiunsdy 1,000 350558 WngusaziallugadeyauanitiagsnssumeIngnAviings

FOAUAIINSIUN LN

a o

2. Maw3eudeya (Data Preprocessing) fiaun1sdiyadayaluiinsien g33elddniunisvin

v
o

ANNareINUeya (Data Cleaning) Ineilvunaunail

v a v v

2.1 mMsdansA1iigamne (Missing Values) nsavaausion1silifideyadudi udaau
emsfifiesiavdolifisenisaudlaasesnanyatoya
2.2 matanistioyaiinund (Outliers) fiarsananuilunistovesdudniiAndosnn Wy
Usinglulsife 19 vesganssuioun udineenangainszidietestunssuniuamidsius
2.3 msuulassadiedeya wlasteyalvegluguwuu ltemsets lnglvilsiag Transaction
LERITIENSAUANTIde Wislimnzaufunisustananalaesanasiiu Apriori tiag FP-Growth
3. nasinsdsndulsyAninmuesdanediin sideildinasiinasgu 3 duflewisuifiey

UsgAnSnnuedanasyiy lawn

v '
o

3.1 A1 Support lnaueitumil 0.05 nuefegukuuTIENITHRNIINGBE1NTURY 5% VB9

FINTINMUA F9azdiodn “iAnvey”

v '
v o

3.2 fin Confidence Aanmaituail 0.6 iitelviulatanuduiusinuiinnuindode
WOAUADS
3.3 61 Lift TileUsvifiuimmduiusinuianudsiudidaun (i > 1) nieiduiiies
ANNTLdEY (A1 ~ 1)
winnalunsReRunasiadolFlangeudiiusidenindetio Ysinalsnniiuly
waganusnlUldnuludanagnslanss lnedwnunwimiduauideves Mustakim et al. (2018) wag

Chusna et al. (2021)

M19199 1 wanad I Attribute ¥8ININYANUEUNUS

Attribute name Type AIUNRUY
TransactionlD  Integer saganssufiuansiamstorsusazady
Spring Boolean gotuliing seydgsnssuinluggluldudviely
Summer Boolean gafou seuhgsnssuinluggieunsely

Fall Boolean gatuliiss seydgsnssuinlugaluldsimiels
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A19197 1 Lan991uIU Attribute U89NININHANUAURUS (s0)

Attribute name Type AIUNRUY
Winter Boolean g9ru1 sEygInTsAntuggvuvselyl
Latte Boolean Qﬂﬁﬂ%at,mé Latte w30l
Hazelnut Latte Boolean Qﬂﬁﬂ%at,mé Hazelnut Latte %38l
Vanilla Latte Boolean Qﬂﬁﬂ%at,mé Vanilla Latte n3ald
Creamy Aren Latte Boolean Qﬂﬁﬂ%at,mé Creamy Aren Latte VEDR]Y
Caramel Latte Boolean Qﬂﬁﬂ%at,mé Caramel Latte visaly
Matcha Latte Boolean Qﬂﬁﬂ%at,mé Matcha Latte visaly
Cappuccino Boolean Qﬂﬁﬂ%at,mé Cappuccino neld
Caramel Macchiato Boolean Qﬂﬁﬂ%at,mé Caramel Macchiato 3ol
Americano Boolean Qﬂﬁ?%al,mé Americano vi3aly
Matcha Bun Boolean Qﬂﬁ?%’amuu Matcha Bun %3ald
Cheese Toast Boolean Qﬂﬁ?%al,mé Cheese Toast 3ol
Chocolate Toast Boolean Qﬂﬁ?%al,mé Chocolate Toast 3ok
Butter Toast Boolean Qﬂﬁ?%al,mé Butter Toast 3ol
Cookies Boolean Qﬂﬁ?%al,mé Cookies 3ol
Croissant Boolean Qﬂﬁ?%al,mé Croissant #5oll
Ege Salad Toast Boolean Qﬂﬁ?%al,mé Egg Salad Toast 3ol
Fries Boolean Qﬂﬁ?%al,mé Fries 3ol
Crispy Chicken Boolean Qﬂﬁ?%al,mé Crispy Chicken Nuggets %38l
Nuggets

1NMII9N 1 MII1WEAITIUIY attribute VBINTINTINTTUVBIGNAIUNLHUTENOUADY

attribute name Usstandaya (Type) Integer l¥dmiusiagsnssu Boolean l¥dmiunansingnide

gurtunseld (0 = ld¥e, 1 = ¥a) n15lv9u ausald Attribute wia1lun153LATIZY Association

¥
LY a v 1 o ' [

Rules taginanddindedumiuiueenals wu gninfide Latte Snagde Croissant fewselil
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4. MsaFengANUFNIUS (Association Rules) Hidunauds

=D

4.1 N3NMUA Frequent Itemsets

1. l48ane3iu Apriori Way FP-Growth Lﬁamwm‘qmmmiﬁlﬁmaa (Frequent

ltemsets) 91NToYagINTIU
Ly Lmém%qﬁuLLagmmﬁﬁqﬂﬁwé"aﬁ‘??aﬁi,ut,wiasqimiu ﬁ’aasjwqm%aaﬂaﬁlﬁwﬁuﬂaﬂ
["Latte", "Croissant"] ['Cappuccino”, "Brownie"]

2. M3AuaungAuduRus (Association Rules) 14lausn3 mixtend i padiang
AuANTUS AN Frequent ltemsets #ildang §1gnénde "Latte’ flona 70% fiazde "Croissant”
pld

5. nM3UszIluna (Evaluation)

5.1 Usg@n5n1wn19v197u (Performance) TaUszd@nsnmuassanaiyiu Apriori Lay
FP-Growth Tun1siumamsien1siitinues (Frequent ltemsets) wazad1angamduius (Association
Rules) 4#¥n 19U 9112y Iterations ¥i3e Processing Steps flluusazdanesfiu mavszgndlutu
mLLWm’Ja}aaudﬂm'ﬁm‘mzﬁwqamimmi%aimwiaxqgma WU N133UATENINN "Latte” Lay
"Croissant” gansavitlsegnesinsuaziaiugiiedla

5.2 nM3ldnuIeALdg1 (Memory Usage) #51adaun1sianinensniienudvazUszana

o

Hagane3I Nl TAUSuIMUnU8ANUTIN G d1usun15TALA U Candidate Itemsets wag Frequent

ltemsets N5UsEYNAluIUNI Wisuisuindanasiiu Apriori w38 FP-Growth 1ldniasaa1udn

Y o

pgnilusEAnSamunnnIlunsUsEianateya wu wyngnAdslunsazgania

U

5.3 anlunsusealana (Processing Time) nszeviiaiildlunisuszananateyaginssy
NunulanNaansNAeIn1s 1991830 1wu Total Execution Time %30 Time per Iteration Usgliiuin

ganasiulamungdmsunisuszaianatayavuinlvg Wy 51801580 dN4 "Latte,

Cappuccino,”

wag "Muffin® Turaaaisng 9

v v
a o

6. AuaANIEUIUNT (End) asunansideuasiuseuiisulsed@nSninvedanesiiuvisany tive

o

JrUSANaSNNIMINE A TandmMIUNTIATIeNEINTINNSTaaUM TS IEn W

Nan15I8waraiUsIena

va

Tuduneoutl FIdeladuiunisaiawvuitassdeyamemaiamiedayalagldisnismng

v

AUFURUS (Association Rules) Al88anea3viu FP-Growth way Apriori @usuias aedlenldluns
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v v

Teseitoyandall Usznaudelusunsa Microsoft Excel dmiunsdanisuagmsinaeutoyaidosiu,
Google Colab dusunisUssuianatoya wag Python sauiulausns mixtend d1msunisaing
Frequent Itemsets uag Association Rules Iagfitmuneiiiolilduanisiinsesiiasounauuas
UsgdnSamgegalunisAuniauduiussenineduddng 9 a1u1snesuiengauduiusves

dane39iu Apriori, uay FP-Growthlgiannasseludl

1. AnwIngAuEUNUS (Association Rules) ¥a38ana3dia Apriori, wag FP-Growth lana

ASANWIIUANTIN 2 hATA1SI9N 3

¥
o ' 19

M13°99 2 nANUFNTUSIENINTeMsAUATgnAdingesuiu Tnglddane3fiu Apriori

Antecedents Consequents Support Confidence Lift Leverage Conviction
‘é’lilﬂ’]‘iauﬁ’]ﬁ iqﬂﬂqiauﬁ’lﬁ ﬂ’J’]&l?\.ﬁ ﬂ’J’]SJij"I’\]%L"ﬂu ﬂ’J’l&lLL‘ﬁ\iLLi\i ANUBANFY ﬁ’)%”?ﬂﬂ’}’m
Lﬁﬂ%‘uﬂlau Lﬁﬂ“ﬁuﬁ’mﬂ’] Antecedents ﬁgnﬁwxéa ‘Llﬁ\iﬂ'l’lllﬁ“’&lﬁuﬁ‘ 531&’5'1%1’)’111?1. ﬂﬁ!ﬁjaﬁa

uag Consequents (> 1 Aedwiius  a3efuadnud Y8dNng
Consequents dlado fusnnniene  fienadiandin (BeanBa
Usngiduiu  Antecedents dadey) Funusuuw)
Tudoya uda

(Spring_0) (Latte_0) 0.460 0.868 1.007 0.003140 1.044857

(Spring_0) (Hazelnut 0.439 0.828 1.002 0.000690 1.007582
Latte 0)

(Spring_0) (Vanilla 0.447 0.843 0.991 -0.004030 0.951446
Latte 0)

(Spring_0) (Creamy Aren 0.452 0.853 1.020 0.008920 1.114359
Latte 0)

(Spring_0) (Caramel 0.435 0.821 0.975 -0.011260 0.881474
Latte 0)

(Butter (Egg Salad 0.301 0.622 1.047 0.013504 1.073792

Toast 0, Toast 0,

Americano 0, Latte 0,

Chocolate Cappuccino_0)

Toast _0)

(Butter (Americano 0, 0.301 0.613 1.034 0.009837 1.051774

Toast_0, Egg Salad

Chocolate Toast 0,

Toast_0, Latte_0)

Cappuccino_0)
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M13°99 2 nANUFNTUSIEnINTeNsauAgnAsingeiuiu Tnglddane3fiu Apriori (se)

Antecedents Consequents Support Confidence Lift Leverage Conviction
i’lﬂﬂ’ﬁauﬁ’lﬁ i’lilﬂ'liauﬁ'l‘ﬁ ﬂ'J’]SJ?\.ﬁ ﬂ'J’]SJlj’lQZL'ﬂu ﬂ’J'l&ILL“?I\iLLi\? ANUBANFS ﬁ?%’?ﬂﬂ’)’m
Lﬁﬂ%{uﬁau Lﬁﬂﬁumum Antecedents ﬁgnﬁwzéa ’LIE]\?ﬂ’JW&IﬁSJﬁUé sij'mmw?i thﬁ'jaﬁa

uag Consequents (> 1 Aedwius  a3efupdnud 99Ny
Consequents dlade furnndiany  flaediania (Bawnds
Usngiiuiu  Antecedents Jadey) Funusuuw)
Tudoya uda
(Americano_0,  (Butter 0.301 0.609 1.047 0.013492 1.069907
Chocolate Toast_0, Egg
Toast_0, Salad Toast_0,
Latte_0, Matcha
Cappuccino_0)  Latte_0)
(Americano 0, (Butter 0.301 0.602 1.031 0.009000 1.045226
Chocolate Toast 0, Egg
Toast 0, Salad Toast_0,
Latte 0, Cappuccino_0)
Matcha Bun_0)
(Americano 0, (Butter 0.301 0.622 1.025 0.007212 1.039410
Chocolate Toast_0, Egg
Toast_0, Salad Toast_0,
Cappuccino 0,  Latte 0)

)

31NA599 2 a3URANITILATIENNYAIMUFUNUS (Association Rules) 5¥7I1EUATIA 9

TnglRNIEIgNSaUAIAaN

Y

¥
Y o A

ANUNYDY

wiu Iegly daneiviu Apriori fsill

1. auduiusseninggluliing (Spring_0) fuiATasfasng 9

1.1 WegnAnduluriggluldng dnasdeinsemuussianand wu and (Latte),
LWELWALNANA, 1Taana e, ASULDLIUAMA, ASIUAAA 8NAIDE1LTU

(Spring_0) — (Latte_0) fifin Auwnazidu = 86.8% wladngnAn 100 AuTiToves

¥ %
] =

Tugail aeliusvann 87 Aungeasdme
1.2 anuduiusaulvglunquidien Lift 1nd 1 Favanefangfinssunisdedn "wuvee” u
Tldanuduiusaudusannin

2. nguvundeuaznwn Andoilumge

¥
A 1Y k4

2.1 gﬂé’ﬂﬁ%a uutlaue (Butter Toast), Fonlnuaninas, awsnilu nazdasiufuas,
AYAl uazlduuvunds (Egg Salad Toast) endaeene ngANENUS
(Butter Toast, Americano, Chocolate Toast) — (Egg Salad Toast, Latte, Cappuccino)

fifn Confidence = 62.2% waw Lift = 1.047 uladyamyililomagenzgndesiuiuase llduaniy

e

G
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1Y

nelgdanasyiu FP-Growth

Antecedents Consequents Support Confidence Lift Leverage Conviction
siemsdudiii  Ten1saudnd A arutnandud Aadiause A Fatanu
WAnduriou \Watiugmsn  Antecedents gnénazde VOIRMEUNUS  waneng yudetioves
uay Consequents (> 1 Aaduius FEWIN ng) (Baunda
Consequents dlado fuannndeny AnwdEes Fuwusuuu)
Usmngsamfiuly  Antecedents Juday) fAuaudi
doya udq AR
i
(Butter (Latte 0) 0.726 0.861 0.999 -0.000666 0.994308
Toast_0)
(Latte 0) (Butter 0.726 0.842 0.999 -0.000666 0.995103
Toast_0)
(Butter (Vanilla 0.711 0.843 0.991 -0.006393 0.951568
Toast_0) Latte 0)
(Vanilla (Butter 0.711 0.835 0.991 -0.006393 0.954336
Latte 0) Toast_0)
(Butter (Latte 0) 0.607 0.854 0.990 -0.005882 0.943442
Toast 0,
Vanilla
Latte_0)
(Vanilla (Matcha 0.322 0.856 1.023 0.007288 1.134963
Latte 0, Bun_0)
Latte O,
Fall_1)
(Matcha (Vanilla 0.322 0.747 1.026 0.008232 1.075523
Bun O, Fall 1)  Latte O,
Latte 0)
(Latte 0, (Matcha 0.322 0.744 1.056 0.017168 1.154667
Fall_1) Bun 0,
Vanilla
Latte_0)
(Vanilla (Matcha 0.322 0.740 1.021 0.006625 1.058628
Latte O, Bun 0,
Fall 1) Latte 0)
(Fall_1) (Matcha 0.322 0.645 1.065 0.019606 1.110768
Bun_0,
Latte O,
Vanilla

Latte 0)
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919197 3 ag‘dmamﬁmewuayjaﬁquamsumieﬁaﬁuﬁwﬁﬁﬂLﬁﬂﬁué’mﬁ’maqqﬂﬁw
YBINYANUAUNUS Association Rules (FP-Growth)
1. vundaueivand
1.1 gnénsinde suutlaius (Butter Toast) Ay anud (Latte) ludszsh

1.2 wudnannndi 72% vesgnAnfedessien1siinseuiu

¥ v
A '

1.3 Tonafiazdevisandetnagiueg sz 84-86%
2. yundaueiuniaaiad (Vanilla Latte)
2.1 gnénfuuilivdoruntluusgifuniaaansivuiy
2.2 Fowdoutiilunih 719% vesnsdl uazillomaiiniiu 83%
3. anwduiusivggluliians (Fall_1)
3.1 Tunglulidas gnénsindowyfivy 1wy Sazdu (Vatcha Bun) $aufuand uazaia
a1ty Wlefigglulsians safuiedesdy — gnénlentadesimazugeds 85.6%
1nN13TAsIed nudaruduiusd “wfause nigialy @diFendn Lift > 1 mneds
duusiuass lllduataudey)
4. Foadufiunanems Toerlsneuld gnénonaduanand viendeaiand viedvasiuneu
wdhresteBnatnemy snfegiengaudiiug
ng Support  Confidence
Latte — Butter Toast 0.726 0.842
Butter Toast — Latte 0.726 0.861
TngNa15841970 A Support (ANuAeIN5T09au) war Confidence (Authanfiuvesnstesnaudn

ausn) AlndlAesiu wandiiiuingnandanuveud “Banegu” Tun1sidenduiuddseglunguuy

a Y
LAYINU

NNANTIATIENTOYATINTTUVDIGNAPILEANDIAN Aprior Uag FP-Growth WUFUKUUNTS

'
N v [

FoFuniinsuivegalidudfy Swaunsatlidssgnaldlugagsiasununladadl
1. InyaluyduasunIseIe (Combo Set) 3INANUAUNUSTENINUATRIAULATIUN LU 816

1Y A o YY) o ) a N a

Avrundaue viedinaztuduandluggluldsis awnsadnyauysendeuiiaiiingenvionions

luiasa (Cross-selling)
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2. panuuulustudunugania 15199 2 wansbidiuinlugaluling gnArdeuniesfusa
U (W Ndaanand, aTuiiand) aunsneenuyiiayUszd1gg(Seasonal Menu) Ly “Spring

Latte Set”

v
] o

3. Iansdumnigluiu duaingndesiuiuaisnslndiuiienseiuniste wu 1avunds

Indendsana

a v

4. YSunagnsnisuugt1dudn (Recommendation) dngilaunldluszuuuuinduidnlud

| %
Y o v [

(U VULBUMIDAD POS) MNANAIEIANLA STUUAILNTaRUTLNUTUNNTDI U UUDE

kY

5. MeNuanandutegliusy@nsaim $31gnaveudedudigiu viliaunsauszananis

aranlawdiugu wu WelinsdansiuaswouvuntaugBundusie

A15197 4 1UTBULTIBUAILLANA IS NI NNAT NS VDY Association Rules (Apriori) ag Association
Rules (FP-Growth)

AMENUR Apriori 3ana3iiy FP-Growth danasiiy

$ungiiaieiu 578,180 ng 578,180 ng)

nszuunsaeng  ldnnsaine Candidate wagawny T4lAs9a$1a FP-Tree Lilpand1uau
giudoyatneg nsaknugIutea

Srnundetauny aEASa e 2 ady

Futoya

nsldmheawdr  Mwmhemudigedmiu Candidate  Tmhemnudianauilesann Fr-
Sets Tree

Uszdnsam Ianunnitlugiudeyasnalng  Ussianalidindilugiudeya

YUIRLIALY

Aududeu fmnududougs iesndesaine  mnududeutiosniumaeld Fp-
laznsoe Candidate Tree

#ee1e Confidence  Confidence gedn ~ 86.7% Confidence g4dn ~ 86.7%

Mg Lift gegn ~ 1.056 g9gn ~ 1.064

msldoumnzan wanzgdmsugadeygavuadnian wndwsugadeyavunale
nan

1AM1599 4 MITATIERLaziUSsuiguauaudAveIdanaIiiy Aprior Lag FP-Growth

WuIdesdanasfivaransaaisngeuduiuslalugunuiwiiy fis 578,180 Ny uANIEUIUNIT

N o 1Y =

MaukazUseansnnveaisaesinaiueg1eiideddty daneifiu Aprior e1dun1sasieyateya

17
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391 Candidate Itemsets uazdosaunugiutoyasvansafufiensesmnyanenisiiiaves Sevhls
fanudutevlunsusznana uazliminensuiroaudwnn lnsewzilovhauiuguteyavun
Tvig) egdlsfinu Apriori wanzaufuyateyavuindnisuiunas iesanannsolvinadnsiiusiuen
waznszvrumeheudladeludaiiugiu lumansstudiu Saneifiu FP-Growth 1#lassaiadeya
WU FP-Tree iftoandunuafslunsaunugiuteya dedwmalidusyansamlunisussananaiinni
FP-Growth anansnuszananaldlagldnisaunugiudeyaiiios 2 ade uazlidesadns Candidate
ltemsets Jatrvannislimiteanuduwazananududeuveinssuiunisisegiawnn vilimungdmsu
nslinufugutoyavunelugiidsnenstoyadiumunnuazdutou

dusuriid¥amamatia 1wu A Confidence guamuasisansdanaiiuoglussduiatui
Ustanms 86.7% wansiennuusiugwasngamduiusiiadnetu diuen Lift gsanues FP-Growth gl
Uszanas 1.064 sgandn Apriori lénties (Uszana 1.056) uandlyiliiuin FP-Growth fiauanansalu
nsszymNduTuSBauInladaauninanies laeasy dane3fiu FP-Growth danulaseulusnu

UszdnSam anuds wazanumnzgand msunisldauluuiunvesdoyavuialng vaeil Apriori

faptmngdmsuanunisaifidesnisanudiladewasveyalidudounnniin

2. pMsweuLiieuyszansnwvesdanasiiy Apriori waz FP-Growth Tunisiiasesiginssuy

nsgeduAveuItaalus NN

A1999 5 1WIBULguUsEaNSNNTENING Apriori wag FP-Growth

neueinsiseuLiisu Apriori FP-Growth
Processing Time 0.00 U 0.01 3w
lterations 4 4
Memory Usage 30.33 KB 30.34 KB

NAN997 5 wanensiUTeuisuldsseans anuesdane3iu Apriori ag FP-Growth lag
NINTU121N 3 Lnueinan lawn Lailunisussuiana (Processing Time), 31U3USOUNITVI9UY
(Iterations) wazn13ldmureaus (Memory Usage) nanisiasisinudn faaessanesiinlddua
sounsUsEInanawii Ao 4 seu uasiinisldmiennudilndifsstuunn Tne Apriori 14 30.33 KB
vl FP-Growth 19 30.34 KB §suansnefuiisadniesviniu ludiuveianlunisuszanana

Apriori 194381 0.00 Jun#t du FP-Growth T6iian 0.01 Junl @eenvasvieuinlunsalvesyadayavuin
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v

1an Apriori @nansaUszananalasiasininantss ag1lsiniu AnuwanAsiiielnantesunn wag

o @

1alliTrdAludaUseansnmlaesiy Wefiansanlnen nsiy nan1siseuiisuannansieiuanein

o

= a a

aesdane3fiufivssaninmlndifeatudieldiudeyarundn udludmguiuasnisnwnoumi

FP-Growth dnagdideliiuieuluiuanudasnsdanisninensfeldiugudeyavunalg

dsu

3

N o s A a

AT ngUszasdALiie 1) Anwingaiuduius (Association Rules) 7t m%umn%’a;ga
g3nTIuvesgnAtuunu was2) Wisuisulseansanuesdanaifia Apriori uag FP-Growth u
myUszananadeyaninan lnglddeyagsnssuaiadiuau 1,000 :1en1sainiuled Kaggle Waun1s
AAs1EsRIEn1w Python waglausis mixtend

panslessinuingussasded 1 nuignAriingfinssunsdedudnifaruduiugiy
Faau 1u Ms5%e “and” sauiu “ounilaue” wagnnste “dmastu” saudu “niaarand” lneng
U4318N153iA1 Confidence @3n31 85% Wawen Conviction 11nA31 1 19w 1.11 Fevdfannuinideto
vosgUuuuMsBosiannsaaanisalld

dmiuinquizasaden2 lewSeuiiouuszansaim wuindane3iiu Aprior 1412a1 0.00
9 wagnieAudn 30.33 KB du FP-Growth 14381 0.01 3undl wagyiiieminudn 30.34 KB uglen
sguandaiuiisadntes wiludilassaine FP-Growth THuwamg FP-Tree sanmnsnandiurunis

aunwloya yilivinzauivyadeyavuinlngvsedudeuninni

v
=] o

nan1sIdelanunsaihliussendldasdugsfadunuiiomuysednsnimnisue wu s
sanuuualUslutuyganieon 1w and + yuuls, msdandualineulandnginssunisdesiu

Wsan1saseszUvkuzduysnludRuukeUndiady iellingenuguazaufienalavesgnen

dalsuauuy
1. daiauslunisiman1sIveluld nansdinszinganuduiuseedaneiviu Aprior way
FP-Growth anunsainludszendldlugsisrmuanvsedununlasgaiivssdansan lnsanizlusu
soluil
1.1 myvonuuulusTudunieyauydaaiunisue tnelidoyansdosimvesdudngie

a

MvunsULUUYaLgnAslwwaldudensouiv

Y

v
o [ o

1.2 M53119%957U (Product Placement) Litelviausnsingn@esiuiueglnanu walenia

Tunsiadn
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1.3 MINAUILUNAIATUNS 052 UULUETNAUAERLUNA (Recommendation System) Liie
wuzdnagsAliiugnAuuusealng
o < a v § va | o o X 1% E I
1.4 NM3uNUNTInafendudTvidauwiugdy Tngldsuwuunisdegidudely

A1AIANITAIAINLABINTAUALAAL YT

v
[N

2. foausuurlumsvividunssioly e linansidedauanysaiuazanusaussgndldle

vannvaneannBety msisandeiauenuzdellil

2.1 mMsvFuussmaiweslunsiinsei asmeassUfulldsuamnines 1wudn
Support Kag Confidence Fush Wiefny1in danunsadnanes iy WALAMNAINYBINYANUANNUS
0614ls waziflevninasinunzaufiagndmiudeyagsnssuluuunvesiunus

2.2 maifiuvuiagiudeya msihdoyaginssuanvaietanamiennrufmatsan
W ngisuiu devageuanuaiosvedny wazUssiliuiniinmseneisinedvssansnmlunsd
ffeuaiimunanuanevidedudoumnntu

U

2.3 nsilSpuiisuiudanesiudu o wugtlimuTeufisu FP-Growth wag Apriori iU

o a =

aNe3TINDU LU ECLAT #308ane39iuilld deep learning liellasizrmnuduiusidutoutasiivany

N

0% elidiunmsiuvesUseansanuazanuminvanluudaynsal
2.4 nMswaundussuunurd1duni (Recommendation System) @150/ 888ANANTS
Aasgilugnsiaulunaiuzdiuydalud@ (Menu Recommendation) LiteUszynaldaseluinu

Al tnedpumaiuszuu POS MsokaUNSAtudIaInis

AARN5sUUTENA

VYBUVBUAMNUILIUAIVIVIGIAIRIN A AueATva Inerdewmaluladasiy Alinsadvayu

I8 LATADUNANNSUYNUITY
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ARTHROPOD COMMUNITIES IN THREE DIFFERENT AGRICULTURAL PRODUCTION SYSTEMS
IN WANG NAM KHIAO, NAKHON RATCHASIMA PROVINCE, THAILAND

. 1 2 . . 3%
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Agricultural management has a significant influence on a large proportion of arthropod

species, negatively impacting the community structure of arthropods, as reported in modern
intensive agriculture. Our research aims to explore differences in arthropod species diversity and
abundance between agricultural areas and their surrounding environments under three different
agricultural practices and to investigate the relationships between arthropod diversity and local
impact factors such as climate and agricultural practices. Arthropod diversity and abundance
were sampled using pitfall trapping in three types of agricultural areas and their adjacent zones.
In total, 99 morphospecies were identified within the study area. Greater richness values were
recorded for the organic farming system (OM) compared to good agricultural practice (GAP) and
conventional agricultural sites (CH). The number of species was higher in the inside zones than
in the outside zones across all study sites. Significantly higher species richness in the inside
zones compared to outside zones was observed at the OH and GAP (P<0.05), whereas no
significant difference was found at the CH (P>0.05). Additionally, in the OM and GAP areas, but
not in the CH, these differences suggest that the field edges of agricultural practices can play
an important role in maintaining biodiversity in agroecosystems, and this role is related to edge-

of-field practices in agriculture.
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Introduction

Arthropod species are one of the main components of the agricultural fauna. They have
high diversity and abundance, and perform various important ecosystem services in agrarian
ecosystems such as pollination, nutrient recycling, changing soil structures, and natural enemy
and bioindicator species in habitat change (McLaughlin and Mineau, 1995; Eggleton et al., 2002,
Luke et al., 2014; Muvengwi et al., 2017). For example, the abundance and species composition
of arthropods change under agricultural management (Brussaard et al., 1997, Rubiana et al,,
2015) and agrarian intensification, which results in changes in the physical and chemical
properties of the soil (Batary et al.,, 2012). Previous research has shown that arthropod species
such as ground beetles, rove beetles, and ants were highly tolerant of a wide range of
environmental conditions from agricultural practices (Blichs, 2003; Luke et al., 2014; Martin et
al,, 2020) and field margins (Helenius and Backman, 2004; Werling and Gratton, 2008; Gallé et
al, 2020). The diversity and abundance of arthropods varied in response to environmental
stress or other factors. Thus, various groups of soil insects are currently used as a standard in
assessing the ecological risks to soil in agricultural production systems (McLaughlin and Mineau,
1995; Buchs, 2003). Over the past by a few centuries, some land that once hosted Thailand’s
native forests has been changed to agricultural use through human activities such as logging,
clearing for agriculture, and natural disasters.

Therefore, a significant part of Thailand’s natural agriculture is found in rural landscapes.
Through optimizing farm diversification, the agricultural sector has a major type of land
management practice such as land under temporary crops (double-cropped areas are counted
once), temporary meadows for mowing or pasture, land under market or kitchen gardens, land
temporarily fallow and land abandoned as a result of shifting cultivation after land reclaimed
by forest reclamation policy of Thailand. However, there is a clear need to provide easily
available guidance based on existing knowledge, best practice and publications inform that a
sustainable resource in an agriculture area for increasing economic viability coupled with
improving the sustainability of agroecosystem in the medium to long term based on the
sustainable development goals (World Wildlife Fund, 2021), which is can be easily understood

and rapidly translated into actions by practitioners and stakeholders. Agroecosystems play an
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important role in integrating biodiversity into various agricultural areas. The sustainability of the
regional agroecological economic platform aims to strengthen the link between the business
sector and the conservation of agrobiodiversity. This includes the development of best-practice
guidance on the main risks, responsibilities, and opportunities for farmers related to nature and

biodiversity conservation (World Wildlife Fund, 2021).

Objectives
1. Study on communities in three different agricultural production systems
2. Relationships among arthropod biodiversity assemblages and environmental factors

in agricultural areas

Materials and methods

The study area

This study was conducted in an agricultural area located in the Thai Samakkee
subdistrict, Wang Nam Khiao district, Nakhon Ratchasima Province, Northeastern Thailand
(14.343°N, 101.897°W). The average elevation is 500 metres above mean sea level. The mean
annual temperature ranges from 10°C (Min) to 42°C (Max). The average relative humidity is
30.20 + 10.1 SE %. Vegetation and land management data were used to identify three
agricultural areas: a conventional agricultural site (CH), a good agricultural practice site (GAP),
and an organic farming system site (OM). A conventional agricultural site (CH) was used for
growing chilli with year-round high-level pesticide and fertilizer application, and modern tractor
ploughing with three harvests per year. Good agricultural practice (GAP) involves cultivating crops
by considering their economic viability, food safety, quality controls, year-round low-level
pesticide application, compost, and liquid fertilizer (e.g., manure) for the agricultural area. The
organic farming system (OM) is a method for growing crops without the use of pesticides,
fertilizers, and growth hormones. Major vegetables grown at the OM and GAP include Green
Oak, Red Oak, Cos lettuce, Butterhead lettuce, Iceberg lettuce, red leaf lettuce, cucumber, and
pumpkin. Land use activities at the OM and GAP were traditional ploughing (farmers work the

land with a weeding tool) with three harvests per year: November 2016 to October 2017
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Arthropod sampling

Agricultural sample plots (ca. 1 ha) were randomly selected from each agricultural area
to assess arthropods and environmental factors. Each sample plot was divided into two areas:
the inside crop area (IA) and the field edges (OA). Three transects measuring 10 m in length were
set up at each sample zone. Arthropods were sampled by using pitfall traps. At each sample
zone, pitfall traps were buried in the soil along the transect line at every 2 m, with 5 traps per
transect line and 15 traps per sampling zone (i.e., the IA and OA), and in total 30 traps per
agricultural sample plot. Pitfall traps were set up on the day before data collection. Arthropod
specimens were preserved in 80% alcohol and labelled for identification. Collections were
performed six times based on the seasons, with three times in the dry season from November
2016 to April 2017 and three times in the wet season from June 2016 to October 2017. In

addition, a total of 540 pitfall traps were set up in this study.

Environmental factors

After collecting arthropod data, three points of air temperature and relative humidity
above the soil surface were measured at each sample zone. Air temperatures and relative
humidity were measured at 20 cm above the soil surface using a Temperature Data Logger and

Digital Thermometer (SK-L200 Series).

Identification of Arthropods

Collections of ground-dwelling arthropods were sorted, and two taxonomic levels
(i.e., arthropod orders and families) were classified. Ground-dwelling arthropod orders were
identified using a systematic keys (Aoki et al.,, 2014) and taxonomic expertise on these groups.
Ants were identified by using a reference of the insect collection at the Department of National
Parks, Wildlife and Plant Conservation (DNP). All ant individuals were sorted into species and
morphospecies in each trap, and other arthropods were identified at the family level. The data

on the number of individuals for each ant species or arthropod family were counted for analysis.
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Data analysis

The total number of GDA species determines the species richness. We calculated and
analysed the frequency of occurrence (F) of each GDA family in each study area separately by
using the presence or absence of GDA. Abundance was considered the number of individual
workers captured in the pitfall traps. Shannon diversity (H) and Evenness (E) were used to
evaluate the species diversity indices and dominance of arthropod assemblages in each
agricultural area. The H and E were calculated using the PAST (Paleontological Statistics)
program version 3.0

Comparisons of the richness, the H and £ between the different agricultural areas, and
the test for differences in data between the seasons were evaluated using univariate ANOVA.
Pairwise comparisons ( LSD post-hoc tests) were conducted when the differences were
considered significant at P < 0.05, with the study areas and seasons serving as explanatory
variables. The data's normality and homoscedasticity were confirmed before the analyses were
performed using Shapiro-Wilk and Levene’s tests. All data were transformed to reduce
heteroscedasticity for the analysis. All univariate statistical analyses were performed using SPSS
version. 20.0.0 for Windows (SPSS Inc., Chicago, IL, USA).

The relationships among arthropod biodiversity assemblages, soil environmental
factors, and agricultural practices were examined using principal component analysis (PCA).

These analyses were done with the PC-ORD program v. 5

Results and discussion

Arthropod diversity and occurrence

99 morphospecies were found, distributed in 8 orders among 17 families (Appendix
Table 1). Ants (59 species) showed the most diversity occurring in agricultural areas, followed
by beetles (16 species) and spiders (10 species). Greater richness values (+ SE) were recorded
for the organic farming system (OM) with 59 + 4.5 SD than for the good agricultural practice
(GAP) (44 + 5.9 SD) and the conventional agricultural site (CH; 35 + 9.3 SD). Univariate ANOVA
revealed there were no significant differences in arthropod richness among the farming areas in

the wet season (65 + 5.1 SD) or in the dry season (15 + 4.5 SD).
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Species diversity indices (H') differed slightly among the three agricultural areas. The
average of the H' value was somewhat higher in the GAP with 3.02 + 0.32 SD, followed by the
OM (2.76 + 0.52 SD) and the CH (2.62 + 0.69 SD), but the difference was not significant (P>0.05).
The average of evenness (E) was high in the OM (0.52 + 0.03 SD) and the GAP (0.48 + 0.08 SD),
followed by the CH (0.39 + 0.15 SD). Significant differences between the wet and dry seasons
were not detected for the H' and the E.

The frequency of occurrence was higher for Formicidae (ants) in the range of 60% to
97% (Appendix Table 1). In the CH, larger values were found at the outside zone for Araneae
(spiders) with a 26 % frequency of occurrence, followed by ants with a 90% frequency. In the
GAP, larger values were observed in the outside zone for ants, with a 97% frequency of
occurrence. In the OM, larger values were found at the outside zone for, ants (78%) and

Tridactylidae (22%)

Difference in diversity between the inside zone and the outside zone.

In the inside zone, the average number of arthropod species in the OM (37 + 8.4 SD)
and the GAP (29 + 7.4 SD) and the CH (26 + 4.4 SD) with a statistically significant difference
(P > 0.05). In the outside zone, the average number of arthropod species in the OM
(58 + 8.3 SD) was significantly higher than the number of arthropod species in the GAP (43 + 5.9
SD) and CH (31 + 6.6 SD), with a statistically significant difference (P < 0.05). Interestingly,
important differences between the inside and outside zones were found in the OM and GAP (P
< 0.05), but not in the CM.

The average number of arthropod species varied by season and interaction among the
agricultural sampling areas. In the OM, for the average number of arthropod species in the inside
zone (34.5 + 0.6 SD), the significance was higher than the outside zone (24.3 + 1.8 SD) in the dry
season (P < 0.05; Figure 1A). No statistically significant difference between the inside and outside
zones was detected for the CH and GAP (P> 0.05). The difference of species was effect by
season. The the average number of arthropod species in the inside zone (39.3 + 0.5 SD) the
significance was higher than the outside zone (29.3 + 1.6 SD) for the CH in the wet season (P <

0.05; Figure 1B). Meanwhile, for the average number of arthropod species in the inside zone
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(28.1 + 1.5 SD) the significance was lower than the outside zone (37.1 + 2.0 SD) for the GAP in
the dry season (P < 0.05).
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Figure 1: Difference in average (+ SD) of the number of species between (A) inside crop areas
and field edges and (B) dry season and wet season for each agricultural sampling area. The
significant values are indicated with an asterisk for * = P < 0.05. Different lower-case letters
indicate significant differences in sampling between the inside and outside zones. Differences in
the average (+ SD) number of species between the inside and outside zones for each sampling
plot were indicated by (P < 0.05).

Variation of air temperature and relative humidity above the soil surface.

The average air temperature was a higher value in the CH (34.9+ 2.3 SD) and the GAP
(34.5+ 2.1 SD) than the OM (32.1+ 2.1 SD), with no statistically significant difference (P > 0.05).
The average relative humidity above the soil surface was a higher value in the CH (51.2+3.8 SD)
and the OM (51.0+2.7 SD) than the GAP (47.8+4.9 SD), with no statistically significant difference
(P>0.05). The average air temperature above the soil surface did not vary by season (Figure
2a; P> 0.05) and agricultural sampling area (Figure 2B; P > 0.05). In contrast, a significant
difference between inside and outside areas was detected for relative humidity at GAP both in

wet and dry season (Figure 2C; P < 0.05), and the CH and OM in wet season (Figure 2D; P < 0.05).
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Figure 2 Difference in average (+SD) of air temperature between inside crop areas (blue) and
field edges (light blue) for (A) dry season and (B) wet season, and relative humidity at above
ground between inside crop areas (blue) and field edges (light blue) for (C) dry season and (D) wet

season each agricultural area. The significant values are indicated with an asterisk for * = P < 0.05.

Relationships among arthropod biodiversity assemblages and environmental
factors in agricultural areas. The canonical correspondence analysis (PCA) results showed that
the arthropods could be divided into two groups (Figure 3). The first group was three ant species
whose increasing presence was related to increasing soil moisture, including Carebara affinis,
Carebara diversa and Monomorium sp.1l. The second group was three ant species whose
increasing presence was related to increasing air temperature, including Meranoplus bicolor,

Monomorium floricola and Trichomyrmex destructor.
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Figure 3 Principal correspondence analysis (PCA) of the arthropods in each study area. The
lines show the direction and strength of the relationships among the environment factors— air
temperature (T), relative humidity (RH)— and are plotted with respect to the structure of the
arthropod assemblages in each study area — organic farming system (OM), good agricultural
practice (GAP), conventional agricultural sites (CH)—, and abbreviations are shown in Appendix
Table 1.

Discussions

Sample zones and agricultural sampling areas varied in the average number of
arthropod species, and interactions among agricultural sampling areas were detected. Larger
values of arthropod diversity were found in the OM plots compared with the GAP and CH. Two
possible reasons can be explained. First, arthropod communities respond to often stress or

disturbance in agricultural sampling areas and zones of ecotone in agroecosystems, resulting in
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a high abundance and assemblage in outside zones, where the land is covered byvegetation.
(i.e. greases, three, shrub) In a whole year at any particular site. Another possible reason, a
difference in arthropod diversity, might be caused by agricultural practices, particularly the
pesticide application behaviour (ELN-FAB, 2012; Hasin and Booncher, 2020). In the GAP and CH,
agriculturists perceived arthropods as insect pests of agricultural crops; hence, they applied
various insecticide controls to pest insects and weeds (i.e. homes and shelters). While the OM
did not use insecticides on their farm, their pest control technique is handpicking insects or
hand-pulling weeds.

Results revealed that ant species were found in specific habitat areas, such as
Recurvidris recurvispinosa (Forel, 1890), Pseudolasius sp.1, Dorylus orientalis and Ghamptogenys
bicolor (Emery, 1889). Typically, these ant species are specialised predators of termites and
centipedes (Cerda and Dejean, 2011), which are found only in the OM. These results reveal that
food webs in soil might be a limiting factor for ant species in particular. Additionally, the
characteristics of habitats and land utilisation may benefit from a reduction in shade and an
increase in bare soil surfaces, which may favour unimpeded ant colony dispersion and foraging
areas. Interestingly, a positive relationship was found between the abundance of ant species
and the result. Three ant species— Carebara affinis, Carebara diversa and Monomorium sp.1
— whose increasing presence was related to increasing soil moisture, and the three ant
species—Meranoplus bicolor, Monomorium floricola and Trichomyrmex destructor—were
linked to increasing air temperature. These results reveled that ant composition often differ
from each other in their responses to the same stress of climate such that species richness and
abundance of ant possible can be good bioindicator for detected the impact of air temperature
and relative humidity change in agroecosystems (Peck et al., 1998; Tiede et al., 2017).

According to the significant effect of agriculture practices on arthropod species, species
diversity indices and evenness were not detected in the study areas. The presence of field edges
around agricultural regions of the OM and GAP had a significant effect, which was not found in
the CH. This study revealed that arthropod diversity had detrimental effects on vegetation cover
in agricultural areas (Pribadi et al., 2011; Junior et al., 2014; Ackerman et al., 2009), field margins
(Gallé et al., 2020), and farmland heterogeneity (Martin et al., 2020).
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Conclusions

In summary, research results were developed to address two issues. First, according to
human land use changes from forest to agricultural use, there was obvious damage to native
insect biodiversity, especially soil insects, in the native vegetation and vegetation remnants of
Nakhon Ratchasima province. Second, arthropod diversity served as a bioindicator category for
land utilization by humans. All of the results could be used as research information to support
the study of evaluation of the diversity and abundance of arthropods (e.g., frequency of
occurrence for each area) when arthropods were used as bioindicators to assess the condition

of soil ecosystems (Folgarait, 1998; Pribadi et al., 2011; Ackerman et al., 2009).

Recommendation

This study is a pilot research investigation of the interaction between habitat
characteristics and arthropod diversity. These research results demonstrated that the field
borders of agricultural practice can play an important role in maintaining biodiversity in an
agroecosystem (Helenius and Backman, 2004; Ma et al., 2013; Werling and Gratton, 2008; Martin
et al,, 2020; Gallé et al,, 2020), and those roles can be related to agricultural practice in an
agroecosystem. However, understanding which species are good bioindicators in
agroecosystems, and how the impacts of future environmental changes on arthropod
communities could provide more ecological interaction data. Thus, two interesting topics for
future studies in agricultural areas would be explored: (1) the relationship between arthropod
community composition and agricultural system management practices in particular dimensions
of functional groups of arthropods such as feeding behaviour, nutrient fixation ability, digestion
types, nest construction type, and building materials (Ackerman et al., 2009), and (2) the diversity
of arthropod species affected by the combination of factors, soil environment variables, and

climate change.
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Appendix Table 1 List of Class/Order/ Family of arthropod collected by pit fall trap, and it
frequency of occurrence (FO) in agriculture araes (N=540), and the FO in two sampling zones-
inside areas (IA: N=90) and outside areas (OA: N=90) — for each agriculture sampling plot including
a conventional agricultural site (CH), good agricultural practice (GAP) and organic farming system
(OM)

FO (%) in agriculture sampling plot

Class/Order/ Family/Species Abrr. CH GAP oM
1A OA 1A OA A OA

Arachnida

Araneae; Oxyopidae (3 sp.), Salticidae (7sp.); Spider Al 7 51 22 18 24 11

Pseudoscorpions (5 sp.); False scorpion A2 0 0 4 4 4 4
Chilopoda

Lithobiomorpha; Lithobiidae (2 sp.) ; Stone centipedes 1 2 0 0 0 0 0

Scutigeromorpha; Scutigeridae (Scutigera sp.1 ) C2 0 0 0 0 2 2

; House centipedes
Diplopoda

Spirostreptida; Harpagophoridae (1 sp.): Millipede D1 13 20 0 13 20 24
Insecta

Coleoptera (16 sp.); Beetle

Anthicidae (Notoxus sp.1) B1 0 0 0 0 0 2
Bostrichidae; Bostrichidae sp.1 B4 0 0 0 0 2 2
Carabidae
Brachinus sp.1 B5 2 0 0 0 0 0
Amblytelus sp.1 B6 0 2 0 0 0 0
Attelabidae (Apoderus sp.1) B7 0 2 0 0 0 0
Curculionidae (Alcidodes sp.1) B8 0 2 0 0 0 0
Scarabaeidae
Anomala sp.1 B9 0 0 0 0 2 0
Anomala sp.2 B10 0 0 0 0 2 0
Holotrichia sp.1 B11 0 0 0 0 2 0
Holotrichia sp.2 B12 0 0 0 0 2 0
Staphylinidae
Callicerus sp.1 B13 0 2 2 0 2 2
Carpelimus sp.1 B14 0 0 0 0 0 2
Carpelimus sp.2 B15 0 0 0 0 0 2
Paederus dermatitis B16 0 0 0 0 2 0
Tachyporus o sp.1 B2 2 0 0 0 0 0
Tachyporus o sp.2 B3 0 2 0 0 0 0
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Appendix Table 1 List of Class/Order/ Family of arthropod collected by pit fall trap, and it
frequency of occurrence (FO) in agriculture araes (N=540), and the FO in two sampling zones-
inside areas (IA: N=90) and outside areas (OA: N=90) — for each agriculture sampling plot including
a conventional agricultural site (CH), good agricultural practice (GAP) and organic farming system
(OM) (Cont.)

FO (%) in agriculture sampling plot

Class/Order/ Family/Species Abrr. CH GAP oM
1A OA 1A OA A OA

Hymenoptera; Formicidae (59 sp.); Ant

Anoplolepis gracilipes Smith, 1857 F1 2 0 20 69 16 42
Camponotus rufoglaucus (Jerdon, 1851) F2 0 2 2 9 2 0
Camponotus sp.1 F3 7 a4 7 2 0 0
Camponotus sp.2 Fa 0 0 4 0 4 0
Camponotus sp.3 F5 0 0 2 0 2 a4
Cardiocondyla emeryi Forel, 1881 F6 27 36 2 4 2 4
Cardiocondyla nuda Mayr, 1866 F7 13 0 27 33 27 36
Cerapachys sp.1 F8 0 0 2 0 2 0
Cerapachys sp.2 F9 0 0 2 0 2 0
Carebara affinis (Jerdon, 1851) F10 2 0 20 13 11 20
Carebara diversa (Jerdon, 1851) F11 36 31 9 13 7 7
Carebara sp.1 F12 0 0 4 2 9 2
Oligomyrmex sp.2 F13 0 0 2 2 2 2
Diacamma rugosum LeGuillou, 1842 F14 11 16 0 2 0 2
Diacamma sp.1 F15 0 2 0 0 0 0
Diacamma vagans Smith, 1860 F16 24 20 0 2 0 16
Dolichoderus thoracicus (Smith, 1860) F17 0 2 0 2 0 0
Dorylus orientalis Westwood, 1835 F18 0 0 11 4 0 0
Gnamptogenys bicolor Emery,1889 F19 0 0 0 a4 0 0
Hypoponera sp.1 F20 0 0 7 2 7 2
Hypoponera sp.2 F21 0 0 2 0 7 2
Hypoponera sp.3 F22 0 0 2 0 0 0
Hypoponera sp.4 F23 0 0 2 0 0 0
Hypoponera sp.5 F24 0 0 0 2 0 0
Leptogenys diminuta Smith, 1857 F25 0 0 a 2 0 0
Meranoplus bicolor (Guerin- Meneville, 1844) F26 83 67 0 0 0 0
Meranoplus sp.1 F27 0 0 0 0 0 2
Monomorium sp.1 F28 0 0 18 11 7 4
Monomorium floricola (Jerdon, 1851) F29 38 36 0 0 2 0
Monomorium pharaonis (Linnaeus 1758) F30 0 0 11 16 7 13
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Appendix Table 1 List of Class/Order/ Family of arthropod collected by pit fall trap, and it
frequency of occurrence (FO) in agriculture araes (N=540), and the FO in two sampling zones-
inside areas (IA: N=90) and outside areas (OA: N=90) — for each agriculture sampling plot including
a conventional agricultural site (CH), good agricultural practice (GAP) and organic farming system
(OM) (Cont.)

FO (%) in agriculture sampling plot

Class/Order/ Family/Species Abrr. CH GAP oM
1A OA 1A OA A OA

Monomorium sechellense (Emery, 1894) F31 0 0 13 16 13 11
Nylanderia sp.1 F32 4 7 2 0 2 2
Nylanderia sp.2 F33 0 0 0 0 0 2
Nylanderia sp.3 F34 2 0 0 0 0 0
Odontoponera denticulata Smith, 1858 F35 11 16 67 138 44 107
Pachycondyla leeuwenhoeki Forel, 1886 F36 0 0 18 11 13 13
Pachycondyla luteipes (Mayr, 1862) F37 0 0 29 38 13 22
Paratrechina longicornis Latreille, 1807 F38 4 9 9 36 9 20
Pheidole sp.1 F39 4 2 0 2 0 2
Pheidole sp.2 Fa0 0 0 0 2 0 0
Pheidole parva Mayr, 1865 Fa1 0 0 0 0 16 0
Pheidole plagiaria Smith, 1860 Fa2 0 0 31 0 0 0
Polyrhachis proxima Roger, 1863 Fa3 0 0 7 7 0 0
Ponera sp.1 Faa 0 0 9 0 0 0
Pseudolasius sp.1 Fa5 0 0 11 0 0 0
Recurvidris recurvispinosa (Forel, 1890) Fa6 0 0 7 0 0 0
Smitristruma sp.1 Far 0 0 0 0 2
Solenopsis geminata Fabricius, 1804 F48 58 53 0 31 36 40
Tapinoma melanocephalum Fabricius, 1793 Fa9 a4 36 18 18 22 33
Technomyrmex butteli Forel, 1913 F50 0 0 0 7 0 0
Technomyrmex kraepelini Forel, 1905 F51 0 0 13 2 9 2
Tetramorium bicarinatum (Nylander, 1846) F52 0 0 0 0 0 2
Tetramorium lanuginosum Mayr, 1870 F53 4 0 20 9 13 4
Tetramorium polymorphum Yamane & Jaitrong, ~ F54 0 0 7 11 4 7
2011
Tetramorium smithi Mayr, 1879 F55 27 24 40 20 a2 20
Tetramorium walshi (Forel, 1890) F56 20 24 16 22 13 20
Tetraponera attenuata Smith, 1877 F57 0 0 0 q 0 0
Tetraponera nigra (Jerdon, 1851) F58 0 0 7 2 q 0
Trichomyrmex destructor (Jerdon, 1851) F59 38 36 0 0 2 0
Isoptera; Termitidae (Odontotermes feae); Termites T1 0 0 0 0 0 7
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Appendix Table 1 List of Class/Order/ Family of arthropod collected by pit fall trap, and it
frequency of occurrence (FO) in agriculture araes (N=540), and the FO in two sampling zones-
inside areas (IA: N=90) and outside areas (OA: N=90) — for each agriculture sampling plot including
a conventional agricultural site (CH), good agricultural practice (GAP) and organic farming system
(OM) (Cont.)

FO (%) in agriculture sampling plot

Class/Order/ Family/Species Abrr. CH GAP oM
1A OA 1A OA A OA

Orthptera (6 sp.); Grasshoppers, Katydids & Crickets

Gryllidae
Acheta domesticus (Linnaeus, 1758) Grl 16 13 20 18 9 9
Gryllus sp.1 Gr2 0 2 0 0 0 2
Gryllus sp.2 Gr3 4 0 0 0 2 2
Gryllus sp.3 Grd 0 2 0 0 4 0
Tetrigidae (1 sp.) Te 2 2 7 7 22 44
Tridactylidae (Tridactylus sp.) Tri 0 0 0 0 7 20
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Abstract

Streamflow is a fundamental component of the hydrological cycle, and land use/land
cover (LULQ) significantly influences runoff processes. This study investigates the impacts of
Land Use and Land Cover Change (LUCC) on streamflow in the Upper Songkhram River Basin
(USRB), Northeast Thailand using Google Earth Engine (GEE) and the SWAT+ hydrological model.
GEE facilitated high accuracy LULC classification (overall accuracy: 83-91%, Kappa coefficient:
0.76-0.85), revealing a marked increase in para rubber plantations and built-up areas, and
a decrease in paddy fields and forests between 2003 and 2023. The calibrated and validated
SWAT+ model (NSE: 0.86/0.79, R2: 0.91/0.89, PBIAS: -24.5%/-36.7%) simulated the streamflow
changes associated with LUCC. Results indicate a substantial increase in wet season streamflow,
particularly in August (28.9 m3/s) and September (25.6 m3/s), primarily due to the decline of
paddy fields and their water retention capacity. This study emphasizes the link between land
use and hydrology, showcasing the combined utility of GEE and SWAT+ for assessing LUCC
impacts. These findings offer valuable insights for sustainable water resource management and

land use planning in Thailand and comparable regions worldwide.
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Introduction

Land Use and Land Cover Change (LUCC) significantly alters Earth hydrological cycle,
affecting precipitation, infiltration, evapotranspiration, and runoff (Petchprayoon et al., 2010,
Yong et al,, 2012). The consequences include increased flooding, soil erosion, and reduced
groundwater availability (Zope et al, 2014). Understanding the link between LUCC and
hydrology is crucial for proactive water resource management (Naschen et al., 2019; Guo et al,,
2020). Extensive research underscores these LUCC-induced hydrological impacts. Deforestation
can increase river discharge and modify seasonal water flows (Luo et al., 2016), while rapid land-
use changes in Asia threaten water resources (Peng et al., 2023). Thailand exemplifies how LUCC
interacts with localized factors like topography and climate to affect hydrology (Kim et al., 2005;
Petchprayoon et al., 2010).

However, the key drivers of LUCC influencing the hydrological cycle at the watershed
scale have yet to be systematically analyzed, particularly in the region-specific context of
Thailand. This limitation hinders the availability of accurate and up-to-date data to support
spatially explicit water resource management. A critical water management challenge is to
evaluate which specific land-use changes most significantly affect streamflow regimes over the
long term. Such information is essential for planning flood prevention, soil and water
conservation, and sustainable groundwater resource management.

Satellite imagery has revolutionized Earth surface observations, particularly in
geographically inaccessible regions and areas lacking comprehensive ground-based surveys
(Hansen et al,, 2013; Gorelick et al.,, 2017). The European Space Agency's Sentinel-2 satellite
system provides high-resolution multispectral imagery that has proven instrumental for land use
and land cover (LULC) analysis, demonstrating classification accuracy exceeding 81% through
the implementation of advanced machine learning algorithms (Ninad, 2024). A methodological
transition from pixel-based to object-based classification approaches has significantly enhanced
LULC precision, facilitating both change detection and resource management initiatives (Ara et
al., 2023). Contemporary remote sensing technologies, including microwave and hyperspectral
imaging systems, have further augmented data acquisition capabilities and spatial resolution,
enabling effective mapping under challenging environmental conditions (Mbinya Manetu et al,,
2023). Moreover, recent advancements in geomatics techniques have substantially improved
satellite image resolution for precise surveying applications (Kadhum et al., 2023), thereby
supporting evidence-based sustainable land management practices (Lozano and Regan, 2018).

In the context of Thailand, where field data and spatial survey resources are limited in
certain regions, remote sensing technology offers a high potential to monitor LUCC and support

evidence-based natural resource planning.
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Accurately analyzing LUCC necessitates cutting-edge tools like remote sensing and GIS
(Huang et al,, 2017). Google Earth Engine (GEE) offers free satellite imagery and cloud-based
processing, streamlining LUCC assessments (Gorelick et al.,, 2017). GEE facilitates large-scale
LUCC analysis, aids hydrological modeling, and supports the integration of land cover data into
models like SWAT for water resource impact assessment (Abbaspour et al., 2015; Gorelick et al.,
2017; Younes et al,, 2023). SWAT, a well-established hydrological model, and its enhanced
version SWAT+ (Bieger et al, 2017; Kakarndee & Kositsakulchai, 2020), allow for refined
simulations (Gassman et al., 2007; Zhang et al., 2022).

Nevertheless, previous studies have typically applied GEE and SWAT independently,
despite the considerable advantages of these platforms. The combined effect between GEE and
SWAT+ enables efficient satellite data processing through GEE’s cloud infrastructure, directly
linking high-resolution spatial data with SWAT+’s advanced hydrological modeling capabilities.
This integration enhances spatial-temporal resolution, facilitates multi-year analyses, and allows
scenario-based assessments reflecting Thailand’s complex watershed conditions. This gap in
current knowledge highlights the need for comprehensive application of integrated GEE-SWAT+
frameworks for watershed-scale studies in Thailand.

This research aims to use GEE to identify LUCC drivers and model potential hydrological
outcomes using SWAT+. It will investigate the impact of specific land-use changes (e.q.,
deforestation, agricultural expansion) on streamflow patterns. The primary research questions
are: 1) Which land-use changes significantly influence hydrological responses within the study
watershed? 2) How accurately can the combined use of GEE and SWAT+ predict hydrological
impacts at the watershed scale? 3) What sustainable water management strategies can be
formulated based on modeled outcomes under various future land-use scenarios?

The study outcomes propose to provide data-driven water management guidelines,
including zoning for conservation, land-use regulation, and watershed restoration strategies to
maintain water security within the study area. Furthermore, the developed framework and tools
will be adaptable for application in other watersheds exhibiting similar geographic and LUCC

characteristics.

Materials and methods

Study area

The Upper Songkhram River Basin (USRB), located in Northeast Thailand, encompasses
an area of approximately 3,300 km?2 (Figure 1). Situated between 16°54" — 18°23" latitude and
103°10" - 104°29" longitude, the basin drains into the Mekong River. Its elevation ranges from
135 to 675 meters above mean sea level (masl) (Muangthong & Shrestha, 2015). Originating in
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the Western Phu Phan Mountains, the USRB flows through five provinces: Udon Thani, Sakon
Nakhon, Nong Khai, and Bueng Kan. In recent decades, extensive deforestation and the
widespread conversion of paddy fields into para rubber plantations have significantly altered
the basin's hydrodynamics. Paddy fields, which previously functioned as natural flood buffers,
have been replaced by less permeable or water-retentive land uses, exacerbating flood risks
during the monsoon season (Chotpantarat & Boonkaewwan, 2018).

Data

This study uses freely available satellite images from Google Earth Engine (GEE) to map
changes in land use and land cover (LULC). Imagery from three Landsat satellites Landsat 7
ETM+ (2003), Landsat 8 (OLI TIRS) (2013), and the newest Landsat 9 OLI 2 (2023) were analyzed.
The process of accessing these large datasets was greatly simplified by the cloud computing
platform within GEE. Additionally, data from Open Street Map and DMSP OLS were incorporated
to strengthen our analysis. To set up a SWAT+ model for this study, data was gathered from
various sources. A 9 0-meter resolution digital elevation model (DEM), downloaded from

www.earthdata.nasa.cov/data/instruments/srtm, was used to define watershed boundaries,

drainage patterns, slopes, and landscape units with streams and rivers.
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Figure 1 The Upper Songkhram River Basin (URSB)
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Land use and soil maps, along with soil properties provided by the Land Development
Department (LDD), were utilized to create hydrological response units (HRUs). Daily climate data
(humidity, temperature, sunshine, and wind speed) was obtained from Nong Khai (48352) and
Udon Thani (48354) stations (Figure 1) of the Thai Meteorological Department (TMD) to simulate
streamflow within the watershed for the period of 2014 to 2022. Finally, observed flow
measurements from the Kh.74 station, recorded by the Royal Irrigation Department (RID) over
the same period, were employed to calibrate and validate the model accuracy.

Google Earth Engine

Google Earth Engine (GEE) (Figure 2), a cloud-based geospatial analysis platform
launched by Google in 2010, has significantly evolved to become a powerful tool for Earth
observation and geospatial analysis (Gorelick et al., 2017). It provides access to a vast archive of
satellite imagery and analytical tools, revolutionizing research by enabling large-scale
environmental monitoring and planetary analysis (Velastegui-Montoya et al.,, 2023). Initially
designed for remote sensing applications, GEE has expanded its capabilities to support land
cover classification (Hansen et al., 2013), deforestation monitoring (Tyukavina et al., 2018), and
hydrological modeling (Tamiminia et al., 2020; Alzurgani et al., 2024). The integration of machine
learning and big data analytics has further enhanced its role in climate change studies (Amani
et al, 2020) and precision agriculture (Shelestov et al., 2017). GEE offers a web interface for
scripting, data exploration, and programmatic access via Python and JavaScript libraries (Gorelick
etal, 2017). Recent advancements have focused on improving computational efficiency and
accessibility, making it an indispensable resource for researchers and policymakers worldwide
(Mutanga & Kumar, 2019). In this study, a GEE script was developed to perform remote sensing
analysis by importing a watershed boundary (SBasin) as a FeatureCollection and extracting its
geometry for spatial filtering. The script defines a time range (January to December 2023) and
selects Sentinel-2 bands relevant for bands B2, B3, B4, B8, B11, and B12 relevant for vegetation
and land analysis. It loads the Sentinel-2 surface reflectance image collection, filters it by date
and study area, and excludes images with more than 10% cloud cover. A median composite
image is then generated to reduce noise caused by clouds and temporal variability.
Subsequently, the Normalized Difference Vegetation Index (NDVI) is calculated using the near-
infrared (B8) and red (B4) bands to assess vegetation health. Finally, the map is centered on the

watershed and the NDVI result is displayed as a visual layer for interpretation.
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Figure 2 Google Earth Engine Platform Interface

Soil & Water Assessment Tool Plus

The Soil & Water Assessment Tool Plus (SWAT+) advances watershed modeling by
refining stream and topography mapping beyond its predecessor, SWAT (Bieger et al., 2017; Her
& Jeong, 2018). This freely available tool (https://swat.tamu.edu/software/plus/) simulates
surface and groundwater dynamics, facilitating the assessment of environmental impacts related
to land use, agriculture, and climate change (Williams et al., 2010; Gassman et al., 2014).

Originally developed in the early 1990s as an extension of previous USDA models, the
Soil & Water Assessment Tool (SWAT) simulates the impacts of land management on water,
sediment, and agricultural chemical yields in large watersheds (Arnold et al.,, 2007). Over time,
SWAT has been widely used and enhanced with better hydrological, soil, and climate modeling
capabilities. To address the need for improved spatial representation and modular flexibility,
SWAT+ was introduced as an upgraded version. It allows for more detailed representation of
landscape units, flexible connectivity between hydrological features, and improved
management simulations (Bieger et al,, 2017). SWAT+ enhances the original model by
incorporating refined spatial discretization, enabling more precise analysis of hydrological
processes and human interventions on water resources (Kakarndee & Kositsakulchai, 2020; Wu
et al,, 2020; Cerkasova et al., 2023). Recent studies have leveraged SWAT+ for more detailed

watershed-scale modeling, integrating advanced remote sensing and machine learning
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techniques to improve prediction accuracy and decision-making in water resource management
(Woo et al., 2019; Qi et al., 2024).

The complexity of the model structure requires new users to spend a significant amount
of time learning and understanding the system. Additionally, SWAT+ relies on high-resolution
input data, which may be difficult to obtain in certain regions, especially in developing countries.
Moreover, the processes of model calibration and validation remain time-consuming and
resource intensive. Although SWAT+ features a modular architecture, its integration with external
tools such as GIS or land use change models still demands technical expertise and domain-
specific knowledge.

Model performance evaluation

Model performance was evaluated using three statistical criteria: Nash-Sutcliffe
Efficiency (NSE) (Eg. 1) to assess the agreement between simulations and observations, the
Coefficient of Determination (R?) (Eq. 2) to measure the strength of the linear relationship, and
Percent Bias (PBIAS) (Eq. 3) to quantify systematic bias. All performance indicators achieved
statistically significant values during calibration and validation, meeting the established criteria

outlined by Abbaspour et al. (2007).
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where Q is the observed flow, Q_is the mean of the observed flow, P is the simulated
flow, P_is the mean of the simulated flow, and all unit data is in m3/s.

Methodology

For this study, a three-step approach (Figure 3) is used to process the impact of land-
use and land-cover (LULC) change on streamflow in the USRB. The analysis employs the SWAT+
model and LULC maps generated by GEE.
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First, Landsat imagery (2003, 2013, 2023) from Google Earth Engine (GEE) is classified
using supervised machine learning (e.g., Random Forest) to generate LULC maps (Sain, 1996;
Breiman, 2001). Training data, including field observations and secondary data from the Land
Development Department (LDD), ensures accuracy, which is then assessed using the Kappa
coefficient (Congalton, 1991). Classification accuracy is evaluated based on error values from
the Error Matrix, alongside overall accuracy (Wafdan, 2021). Both metrics should ideally fall
between 85-95% (Anderson et al.,, 1976). The error matrix (or confusion matrix) is a table that
compares predicted classes with actual classes, showing how well a classification model
performs. The Kappa coefficient (K) measures the level of agreement between the predicted
and actual classifications, adjusting for chance agreement. It is calculated using the formula K =
(Po - Pe) / (1 - Pe), where Po is the observed agreement (proportion of correctly classified
cases) and Pe is the expected agreement by chance based on row and column totals in the
matrix.

Second, the SWAT+ model setup incorporates DEM, LULC, soil maps, and daily climate
data (2014-2023). The observed streamflow data is used for model calibration (2014-2017) and
validation (2018-2021). The model setup begins with watershed delineation using the DEM,
followed by the definition of Hydrologic Response Units (HRUs) based on the combination of
land use, soil type, and slope class. Initial parameter values are assigned based on literature
and default SWAT+ databases. For model calibration and validation, the SWAT+ Toolbox
(Chawanda, 2022), a free software tool (https://celray.github.io/SWATPlusToolbox/3.0.3/), is

utilized for sensitivity analysis and parameter optimization specifically for SWAT+. The
performance of the model during calibration (2014-2017) and validation (2018-2021) is assessed
using performance indices such as NSE, R2, and PBIAS. These metrics ensure agreement between
simulated and observed streamflow, following the criteria suggested by (Abbaspour et al., 2007).

Finally, the streamflow was simulated using different LULC maps derived from GEE for
the years 2003, 2013, and 2023, utilizing the climate dataset from 2014 to 2018. The comparisons
were made separately for the dry period (November—April) and the wet period (May-October).
This approach enables an analysis of streamflow changes and the impact of LULC alterations
on hydrological responses. The calibration of the SWAT+ model focused on key parameters
identified through sensitivity analysis. The Curve Number for moisture condition Il (CN2) was
adjusted within a relative range of -0.15 to -0.05, while the baseflow alpha factor (ALPHA BF)
was calibrated between 0.1 and 0.4 days. Groundwater delay time (GW_DELAY) varied from 15
to 60 days, and the threshold depth of water in the shallow aquifer for return flow (GWQMN)
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ranged from 100 to 500 mm. Soil-related parameters such as saturated hydraulic conductivity
(SOL_K) and available water capacity (SOL_AWC) were also optimized, with SOL K ranging from
2 to 50 mm/hr depending on the HRU, and SOL_AWC from 0.10 to 0.25 based on soil type.
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Figure 3 Flowchart of the Research Methodology

Results and discussion

LUILC classification and accuracy assessment

The USRB LULC classification identifies seven land use types: paddy fields, agricultural
land, sugarcane, para rubber, forests, built-up areas, and water (as shown in Table 1 and Figure
4). LULC classifications for 2003, 2013, and 2023 (Figure 4) demonstrated high accuracy levels.
In 2003, overall accuracy was 88.18% (Kappa coefficient: 0.81), improving to 91.02% (Kappa:
0.85) in 2013. The 2023 classification had an overall accuracy of 83.56% (Kappa: 0.76), indicating
a robust methodology for mapping LULC patterns within the study area.

Table 1 presents the LULC changes within the USRB from 2003 to 2023. It reveals a
decrease of 464.31 km? in paddy fields, while agricultural land increased by 358.98 km?2. The
sugarcane plantations decreased, whereas para rubber plantations expanded by 886.59 km?,
the largest increase among the LULC types. Forest areas decreased by 129.51 km?, while built-
up areas expanded by 74.57 km?, the second-largest increase, following the growth of water

resource, which increased by 25.32 km?2.
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Figure 4 Land Use and Land Cover (LULC) maps for the years 2003, 2013, and 2023

Table 1 LULC classification of land use for the years 2003, 2013, and 2023

Area (km2)
LULC types
LULC 2003 LULC 2013 LULC 2023
1. Paddy field 2,397.3 2,533.7 1,932.9
2. Agriculture 544.7 85.7 185.7
3. Sugarcane 83.7 87.1 50.1
4. Para rubber 0.4 396.9 886.9
5. Forest 210.1 66.1 80.6
6. Built up 10.3 61.6 84.8
7. Water 41.3 56.8 66.6

The analysis of four agricultural sector types (paddy fields, agricultural land, sugarcane,
and para rubber) reveals significant changes in land use patterns over time. In 2003, rubber
plantations covered only a small area due to their limited popularity, with most of the land
being dedicated to other agricultural sectors. However, by 2013, rubber plantations experienced

rapid expansion, reaching nearly 400 km?2. In contrast, other agricultural sectors saw considerable
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declines during this period. This trend continued into the subsequent decade, up to 2023, with
rubber plantations further increasing to 886.98 km? (Table 1). As a result, rubber plantations
have become the second largest land use/land cover (LULC) type, after paddy fields.

Overall, there appears to be a significant shift in LULC in the area between 2003 and
2023. The most notable changes include the large increase in para rubber plantation and built-
up areas, and the decrease in paddy fields and forest.

Model calibration and validation

The SWAT+ model for the USRB was calibrated and validated using observed flow data
of the Kh.74 hydrological station (Figure 1) and the SWAT+ toolbox (Chawanda et al., 2020). The
parameters for the paddy field-dominated basin in Thailand were adjusted in accordance with
the recommendations of Kakarndee and Kositsakulchai (2020); (Kakarndee & Kositsakulchai,
2021). The most sensitive parameters identified were CN2, SOL_AWC, FLO_MIN, REVAP_MIN, and
SOL_BD. The recommended range for the initial SCS runoff curve number (CN2) under moisture
condition I varies from 60 to 85, depending on land use types; for example, paddy fields
typically range between 70 and 80, while agricultural lands or rubber plantations range between
65 and 75. The available water capacity of the soil layer (SOL_AWC) is generally set between
0.10 and 0.25 mm HyO/mm soil, with higher values for clay soils and lower values for sandy
soils. The water table depth required for return flow (FLO_MIN) is suggested to range from 500
to 1,500 mm, representing typical shallow aquifer conditions in the region. For the water table
depth necessary for revap to occur (REVAP_MIN), a value between 50 and 500 mm is suitable
to simulate moisture exchange between the saturated and unsaturated zones. Lastly, the bulk
density of the soil (SOL_BD) is commonly set between 1.2 and 1.7 g¢/cm?, depending on soil
type, with lighter soils having lower values and denser clay soils having higher values.

Figure 5 shows the model calibration and validation results. The observed flow is
represented by the black line, while the simulated flow is shown by the red dashed line.
Calibration utilized monthly flow data from 2014 to 2017 and achieved good performance
metrics: Nash-Sutcliffe efficiency (NSE) = 0.86, coefficient of determination (R2) = 0.91, and
percent bias (PBIAS) = -24.5%. Validation employed data from 2018 to 2021 and yielded results
of NSE = 0.79, R?2 = 0.89, and PBIAS = -36.7%. The high negative PBIAS values in both periods
indicate a consistent overestimation of streamflow by the model. This may be attributed to
underestimated evapotranspiration or oversimplified groundwater processes, leading to
excessive baseflow simulation. To address this, the integration of high-resolution or site-specific

climate data, as well as the use of observed evapotranspiration and soil moisture data, is
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recommended to improve model reliability. Following the criteria established by Gupta et al.
(1999) and Abbaspour et al. (2007) (NSE > 0.75, R2 > 0.80, and PBIAS < +25%), the model
performance can be classified as good. Consequently, the SWAT+ model demonstrates

suitability for further applications within the USRB.
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Figure 5 Calibration (2014-2017) and validation (2018-2021) of monthly streamflow

Impacts of LULC change on streamflow

Figure 6 presents the monthly streamflow simulated by SWAT+ for three land-use and
land-cover (LULC) periods: LULC 2003 (blue line), LULC 2013 (green line), and LULC 2023 (red
line). Wet (May-October) and dry (November-April) period simulations were analyzed separately
using the same 5-year baseline dataset (2014-2018). In Table 2 and Figure 6, streamflow patterns
in the USRB exhibit minimal change during the dry season (Nov-Apr). In contrast, the wet season
(May-Oct) shows a significant increase in streamflow, particularly during flood months (August
and September). This variability is exemplified by the high precipitation events observed in 2017.

The analysis used a consistent five-year dataset from 2014 to 2018, focusing on
differences in streamflow between wet periods (May to October) and dry periods (November to
April). In all three LULC periods, the highest streamflow occurred in August, with values of 131.3
m?3/s, 124.7 m3/s, and 153.6 m3/s, respectively, as shown in Table 2.

Table 3 shows the changes in streamflow, with negative values (-) indicating a decrease
and positive values (+) indicating an increase, measured in cubic meters per second (m?3/s).
Comparing the first decade (2003 to 2013), there was a slight overall decrease in streamflow.
The most significant decreases in streamflow occurred in August and September, with a drop of
6.6 m3/sin August and 5.8 m?3/s in September, as showed in Table 3. This reduction is likely
attributed to a slight increase in rice cultivation during these months, which would have resulted

in higher water consumption, thus contributing to the overall decline in streamflow levels.
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Figure 6 Comparison of monthly streamflow across different LULC periods: 2003, 2013, and
2023

Table 2 Monthly streamflow for three LULC periods during the dry (Oct-Nov) and wet
(May-Oct) periods

Streamflow (m3/s)

Period Month
LULC 2003 LULC 2013 LULC 2023
Jan 2.7 2.5 3.1
Feb 2.4 2.2 2.8
Dry
Mar 3.5 3.3 4.1
Apr 4.9 a.7 58
May 17.8 16.9 20.8
Jun 34.8 33.1 40.7
Jul 70.1 66.6 82.0
Wet
Aug 131.3 124.7 153.6
Sep 116.5 110.7 136.3
Oct 67.1 63.7 78.5
Nov 18.4 17.4 215
Dry
Dec 9.0 8.6 10.6

Table 3 Changes in streamflow for three time periods during the dry (Oct-Nov) and wet

(May-Oct) periods
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Change of streamflow (m?3/s)

Period Month 10 yrs 10 yrs 20 yrs
(2003-13) (2013-23) (2003-23)
Jan -0.1 +0.5 +0.6
Dry
Feb -0.1 +0.4 +0.5
Mar -0.2 +0.6 +0.8
Apr -0.2 +0.8 +1.1
May -0.9 +3.0 ++3.9
Jun -1.7 +5.9 +7.7
Wet
Jul -3.5 +11.9 +15.4
Aug -6.6 +22.3 +28.9
Sep -5.8 +19.8 +25.6
Oct -3.4 +11.4 +14.8
Nov -0.9 +3.1 +4.0
Dry
Dec -0.5 +1.5 +2.0

Over the past decade (2013-2023), streamflow has shown a notable increase, largely
attributed to the reduction of paddy fields resulting from the widespread conversion of
agricultural land into para rubber plantations over the past two decades. Traditionally, paddy
fields played a crucial role in regulating water flow by serving as natural reservoirs during the
rainy season, helping to store excess water and mitigate flooding. However, the decline of these
fields has led to significant changes in the region’s hydrological condition, especially during
periods of heavy rainfall. This transformation is evident in the heightened streamflow rates
observed in recent years. Looking at the entire 20-year period (2003-2023), the most significant
increase in streamflow during the rainy season occurred in August, with a rise of 28.9 m3/s,
followed by September, which saw an increase of 25.6 m3/s, as detailed in Table 3. Table 3
further shows a significant increase in wet-season streamflow from 2013-2023 compared to
2003-2013, particularly between May and October. For instance, streamflow in August rose from
-6.6 m3/s to +22.3 m3/s, marking an increase of 28.9 m3/s over 20 years.

While changes in the dry season are minimal, the sharp rise in wet-season streamflow
aligns with research on Land Use and Land Cover (LULC) changes. Studies suggest that
urbanization and deforestation increase surface runoff and reduce infiltration, as observed in

agricultural areas in Thailand (Chotpantarat & Boonkaewwan, 2018). In contrast, large-scale
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reforestation efforts, such as those in China’s Loess Plateau (Zhou et al., 2013), have been
shown to reduce surface runoff, differing from this study’s findings. In this study area, the decline
of paddy fields, which traditionally functioned as natural retention areas, along with the
widespread expansion of para rubber plantations, has reduced the watershed’s ability to retain
and delay runoff. This has contributed to higher and more rapid streamflow during the rainy
season. These trends indicate that LULC changes—likely due to agricultural expansion,
urbanization, or deforestation—have driven the increase in wet-season streamflow, highlighting

the significant impact of land cover changes on seasonal hydrological patterns.

Conclusions

This research successfully utilized Google Earth Engine (GEE) and SWAT+ modeling to
examine the effects of land-use and land-cover change (LUCC) on streamflow in the Upper
Songkhram River Basin (USRB), Northeast Thailand. GEE cloud-based platform enabled efficient
and accurate LUCC classification (Overall Accuracy: 83-91%, Kappa coefficient: 0.76-0.85). This
demonstrates its potential for similar land cover monitoring applications. The study revealed
substantial LUCC in the USRB between 2003 and 2023, specifically the expansion of para rubber
plantations and built-up areas, besides a decline in paddy fields and forests. he SWAT+ model
demonstrated good performance (NSE during calibration/validation: 0.86/0.79, Rz 0.91/0.89,
PBIAS: -24.5%/-36.7%) provides confidence in the simulations used to analyze the impact of
LUCC on streamflow. Main parameters adjusted during calibration included Curve Number (CN2),
baseflow alpha factor (ALPHA BF), groundwater delay time (GW_DELAY), and soil hydraulic
properties (SOL_K, SOL_AWC), which were optimized based on sensitivity analysis. Calibration
results indicated that the model adequately captured streamflow variability. Overall, the
observed LUCC patterns within the USRB, especially the conversion of forests and paddy fields,
directly contributed to altered streamflow dynamics. It is important to note that users of GEE
and SWAT+ should possess adequate expertise to ensure greater accuracy and reliability of the

results.
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PERFORMANCE COMPARISON OF CONVOLUTIONAL NEURAL NETWORK-BASED
DEEP LEARNING MODELS FOR RHIZOME IMAGE CLASSIFICATION
IN THE ZINGIBERACEAE FAMILY

A-Nanya Promkot’" Rattana Intaket? Supailin Pichai’

Abstract

Herbal plants have been an essential part of traditional medicine for centuries.
They have been used to treat various ailments and promote overall health. Despite significant
advances in modern medicine, herbal plants have played a crucial role and been extensively
employed across numerous sectors. A major challenge in their application is the accurate
identification and classification of species, as herbs within the same family often exhibit
remarkably similar physical characteristics. Such similarities can cause misclassification, leading
to ineffective products or potential health risks. This study evaluated and compared four
convolutional neural network models including ResNet-50, VGG-19, DenseNet201, and
InceptionV3 for classifying rhizome images of four species in the Zingiberaceae family: Turmeric,
Zedoary, Plai, and Wild turmeric. This aimed to properly adjust their parameter and evaluated
their efficiency of model. The researchers collected and publicly released a dataset of 2,111
images then applied data augmentation to increase training diversity. After that, hyperparameter
tuning was performed to optimize model performance. Experimental results were demonstrated
that DenseNet201 with 200 training epochs, outperformed the other models, achieving the
highest classification accuracy. These findings were suggested that the proposed model has
been highly suitable for practical use in herbal industries, aiding species identification, product

standardization, and quality control.

Keywords: Image classification, Herbal classification, Image processing, Deep learning, Turmeric,

Zedoary, Convolution neural network, Plai, Wild turmeric
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umin
nslRvayulnsuassdndusiayulng funldufutuegiededadlutimansdiuiumn
fssnufiseyin arseengrimetanmlufie wwu ndfluoad woifiuesd wazdanaoes Huilade
ddniidmarousslovidoguam Avayulnsuwsiazyia fasmmanuazdosianisldauiunndatu
(Sellami et al., 2018) ﬁ'ﬂuamqulwi‘uN‘UﬁmTa‘”ﬂ‘wmwquﬂwmam{ﬁliﬂé’lﬁmﬁ’umﬂ
uendt agTuunvdadvanulnssieavalaegagndes deserdsaaiuganusiuigy
wazUszaunisal vesidsamydungnuaans vievuefiutiu (Zhu et al, 2018) auluunands
Winauduay way ddeandeslunisseyvlinvesivayulng wndwunyiavesivayulnsligneies
nAnAneifiusgUInayulns uiem3uen axliamnsadnulsals uazenadmasunsesosienie
desnnldaulnsinedin vidolinsatuermsvedsa dafu msseyriinfvayulnsiadunszuiunis
wil ol fmnudidyeeied e danansznudogpaiunssuetayulng wazussvvugldauialy
fiviogluredla (Zingiberaceae) \Hunilslufiwayulnsildsuogrsunsvans fqusfueyyadass
(Antioxidant activity) qwéé’fmmsé’mau (Anti-inflammatory activity) e qw%‘gué?anmﬁzy@uim
veuwadiiiosen (Tumor cell growth inhibitory activity) (Liu et al., 2013) @slulaniiuszanas 1,300
vila nszaneiegiiluluaiou Inslanizlugianaedens fusenidedld (Soumya et al., 2023)
fegsiiveyluiedds Aifenudeuhuldluiiagtu ldun adudu (Turmeric) aiiudos (Zedoary)
Twa (Plai) ward1uunae (Wild turmeric) Tagudi udu wazadl udos 1uiivluana Curcuma
nMsduuniiv 4 viadensiuunviaayulnsfingn fennddmionsaunaududsivildon
desnfiumardfisnusmanmenmediendatu Hedveanth ndu uandoduda doserdoaul
waza By duiiaianzynna
sgANnunTIimssumalulagasauna ludagdu maluladnisussananadayavuinivg
Idndunumluanuiinermansauninainuieg lawn ssuvatvayunisitadelsa (Wang et al,,
2020) (Ragab et al., 2023) (Zhong et al., 2024) wUULLwﬁﬂmmm'ﬁLLazmi@LLaqsum‘w (Kaur
et al., 2023) (Smith et al., 2022) waluladivai Preanvayulszdnsam lunisliuinig
AUENSITUEY deansenulagnsiauservu nsUssendwalulagnisuseuianadeyavuinley
dmdumssiuuniivanulng Wudsidanuddnlubunsegio dau warquain msduunivayulng
F838n15158ugweaAI ae (Machine learming) azgasanauidss Tunisudnayulnsfidnyia
PrifinUszansamlunisndnayulnsaunm dwsvgaamnssuenayulng uazasldaulugum
uenandl Feduasuliuszarmuialy annseldfvayulnslunisguaguaimvesnuiond awiu
Frganeldinslunissnuimeivia way advayuaudedu Tunisldayulnsludinuse ity
29Uy dawideunune Midsatesdumsiauiuuudiassduungunniivayulng uagnandn
yansaens Tutasiu maldeietunssuungunm fifeldmatiamadouivonaioauusady
(traditional machine learning) loun 35 Random forest A% Support vector Machine uay
33 TasevneUsramfionuuunansdu (Multi-layer Perceptron) fleMuAdediniuun (Aakif & Khan,
2015) lsmmasaduungunmlufiedfigusisuuusing 4 1wy 14 via Wunsiesgidnuarguin
neuenvesluiiy Wi dadiu Anunay ANe1d AUnd1e Yeulu uag laseainegunse lagld
AMANYUENIETUFIWINGT (morphological features) AuanwuzlBle1ugunse (shape-defining
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feature) uazAay i1 1369 (Fourier descriptors) 9aglsianunsadauunluie fusaunnsneiu
I¢ogsdiusyanBnw aghdlsfio 3ddidednda lunisduunluiisiifiuidlndifestu uduansis
Aulundyudu Wy dvedlu arnane wieduAvesly esnldldfansunmand@mand
Tunisuszaananin Wusy sgrslsinuninudosnisduungunmity Alldnvaesusiedneiu
wishadufidnsedy Salanudndu FeaunsaudluiisuuudiasanisiFoudidsdn farwannsa
Tunindeuifaesanguninldesisasudau fegusn & uasiuialaglidesooniuuilians
fedle wangdmiuduunsunmiifinrududou was arundisndege dedu swidefiieates
Aun1siwiwuudiass dmsudnwungunaimiieni) Jellondsegndisnisisousivedn lunisudle
Jaym Fusnglusnures Zhao et al. (2022) Wuwnuddeiliinalulaguszunananm dmudiuun
EUﬂWWIUﬁ‘Uﬁﬁaﬁﬂﬁﬂiﬂﬁﬁlﬁiﬂa%‘ DoubleGAN Haz41uve4 Liu et al. (2020), Cap et al. (2022),
Alshammari et al. (2024), Wang et al. (2021), wag Promkot (2024) fidnwuzaaiuiu Tan et al.
(2021) I¥srusmgUniniiedu 4,067 Unm frendesidvia ihdeyasunin smeaeusie3s Random
forest uaz 35 Support vector machine 31nN1sAnwINUITETREYes aziulddn muddedounth
Iiuanaanisnnassiiimela udog1slsAnusdisaumainmatevesiivayulng nssrusudeya
sUaayulng wazn1sUTuUsmuuIaeslidaiugndesusiug aenndesfudnuaeivayulng
wiazvdiadsnadudentanuime

Tudaqiiu msduuniivayulng ssuuudiassmsiSeuivenedes nieuuudiassnisiSeus
\Bein Semaiidedndnsnugndeyamsisasiiamsaunldlunisveass tilesesunsiannauise
Tuane1il wideilTsdnvinareenuuuisnisimungandmiunisduungunimmnitayulns
lngUseynalduuudnasinisiSousidedn 4 35 @e 1) ResNet-50 2) VGG-19 3) DenseNet201
wag 4) InceptionV3 LﬁIE]WWﬂLﬂu%gﬁiﬁ%JUﬂ’]'ﬁﬂqf\]ﬁLLﬁi’i”l fuszansamlunisduunguam
1435 Hyperparameter il av1A19 A7l gavesusazkuUTI0s WeidlFsrusugatoyagunim
wifivanulng 4 iin Idud wiudu wiudos Ina wazdruuied neifudedisinirudming
fiwanulng daehuduiu wegdonmdondosddtaaundaliu feyasunimmirayulwadendn
IFumsmeunsiielidunineinsuiaunatsd ¥nise wasdauladniunis@nyiuazni swann
wuudnaeansuunlunulszanananmsely

[

nQUsZaeAYaINITIY

1. Wiofinw war Wisuiisulszavsamusauuudiasanisiieusidedn Yseiavlassng
Usgarmifleuuuumsuligdu 4 35 laun 35 ResNet-50 7§ VGG-19 35 DenseNet201 wazis
InceptionV3 dmsunisiwungunimmiayulnsluiedds 4 vl

2. Wedfuudamsdinesvesuvudasdlsidanumuizan way Uszifiuuszdniam
voauuuans dunsulfifudoyadestu lunsihluldlunssuaunssuunayulns
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WAtunIY
1. nouiitigadoes

vdnmsuasnquvesismsSeuiveaniewilduvuiiassnsiFoudidednlunsins e

uazansdnuurn oIS uungUnwinesaluiR SeeasBended
1.1 lassguszamiiiguwuuneuligdu (Convolutional Neural Networks: CNN)
laserguszamifisuuuunauligdu (Convolutional Neural Networks: CNN)

(Pacal et al., 2024) w3935 CNN 1#3un1sseusuogsunsnatslunisuseadanann 1 osain
flassaisidudounaranmnsnaingadnuny (Feature extraction) annnmldegediuszdnsam
Tunndl 1 wandlassadianisvinuresds CNN fivsznoudsiawoivansduiivhausautu 1éud
1) awainaulagiu (Convolutional layers) ddldflamaslunisadnandnuazainam 2) aweis
4o3a (Pooling layers) Lﬁaammmmaﬁaga‘tﬁmmzau waz 3) weedideunowuuiy (Fully
connected layers) filfdmsunisduunamaanguitivaneg

= Class1
Class2
& -y
Input image
Convolutional  Pooling Convolutional Pooling Fully-connected | Predicted
layer layer layer layer layer class

AW 1 Tassad1annsyinauwesia CNN (Pacal et al,, 2024)

1.1.1 wawosneuligiu ihmihiiadaudnuasiddyandeyanmiiiud Tngld
‘17\|ama‘i‘u%aLﬂ@%LuaﬁL?{aumumwLﬁaﬁasﬁanﬂa WU veu & JUNTI Lagainaenig 9 Nawmodivanil
Usznauseatimiin w) wazend (b) fanunsausulimnyanldsswinmsiinlinng wieuvdilerdu
nszdu () WetaelunsAuamadng

\oteyariidn X Uszneusie fawmesvindu k Tulatwesaeuligdu nadné
Mnawesnoulgu amnsadwinlafEuns (Pacal et al., 2024) soluil

yi=Zf(xl‘*Wj+bi),j=1,2,...,k (1)

1.1.2 wwwesnndeya fimhilanuuinvesdeyanadnuasildaniawesaouligiy
W eand1uruntines uaznisAwialuaievisuszamiiion lnodenssnuinudnume
fdndnyld Tutlagtiu FBdesldinndigaenissamaigega (Max Pooling) wagmssiuAads (Average
Pooling) aun1sii (2) léesutenszuiun1ssuanaies Tnsauufi1vuavemiiif1arindu p x p
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G9A x; ; MNEeAINITNTEAU (activation value) s fumils (4, ) wag N mun8dediuiusienis
yanualy S

1 foe) ..
Z=E+Z(i,j)€5xi,j’l’] = 1,2,...,p (2)

1.1.3 awesideusonuufiyu (Fully Connected Layer) vt wuatuuuil
AnudNwAE (feature maps) Aiadaldniaesneunilidunnnesuuunilela Samnzdmiums
Suunvievhuenadns nsusarlnusluawesiardunnteyathiddenssuiunadadu aanty
T#ilaidunszéu (activation function) ileadAmadndaning LawesiTeuseuuuidu tieliiaTetie
UsvamifenannsaSeussuuuuiidudou warldlunisinduladuaaiingldesiusiug Tnsfinisusu
wiin waAreaflusitenisiinling elviAnUszansaimgean auns (3) eSungisnisdun
vonawesifouseuuuiiiu Tnefl y way Z ununmesuadng uavaudnuaihud w vanefisimin
uay b mneds AeafvesalwesiBeureuuuidy

y=Yif(wz+b) (3)

W38 ONN WulseaiSetiouszamiiion fisluszansnmgdlunisuszaana
A egalsfiniy CNN Afidedidaunsusznis wu Jaminismeldvesdianudy elaseie
fmnudnunn derauseansnmlunmsduungam uennidaresnam e uaumn dwal
nsfinuuudaedlivineinsgs 38 CNN dailanulasonisiudsuuasesyuueslunm wagidodirin
Tunsduanuduiudidsiuiifioglnadulunin fuiufeiniswamnnisnisiig q wu 35 ResNet-50
35 VGG-19 7% DenseNet201 war 3% InceptionV3 iieudlodgymiii ldnanundredui
waziiuuszAnsninlunisUszanananin wuudasavariiduuuuiiaesiiiunisfinaeudasmih
(Pretrained models) ?falﬁ%hm‘aﬂﬂﬁaasﬁaaﬂawumium WU ImageNet vilvia1unsaaelounus
U auuusiaaddmild nssuvumsidisanarudesnmsdoyasiuaumnluuudassin uagsils
nstinaouiiusyansnindaiu (Espinoza et al., 2024)
2. ATeiieates
1NMsAnIUIdeiiAeites wuinnuidedunisuszanananinsieisnnnsoud
Beandudsilasuanudensgraunivats dmiunuidedlditnsFousidsdndmivauduun
sunmiisayulns fneandoadil
fuidedisusudeyasunmayulnsnuinguszasdvaausazanu fsusing Ji et al
(2024) lasrusanguamayulnsdu 10 ¥la 91w 15,719 sUaan 33lald35 AGC unld
Tunszuaumawiendeya uastunuisuifieutu CLAHE vdanniuthandeui®eds GoogleNet,
35 ResNet-18 uaz 35 MobileNetV2 §3duagui1n151n38 AGC 1nldf asteifissedvBnmnisdiuun
sUAM Wang et al. (2021) IdnasoudssAnsnnnssinungnmayulnsiu ifuduiuduaadn
wilAuite AaeuuuInass AlexNet, VGGNet, uag ResNet 521U Fine-tuning Sﬁaagagﬂmwﬁ'ﬁmﬂ%
lunisnaaeuindu 72,026 3Uaw wualu 7 vlia wisdeya dwsuilnaeudoya Toyadniy
N13ATI9A0U Wag TaYAd mTUNIINAGRUMIAY 70% 15% uaz 15% HI38MAa8d Fine-tuning the
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pre-trained model agnsE¥iaAn epoch WU 200 HaNsMARBUANLGNFBIBsILULT AR Fedeya
JUAMNTIUIL 10,806 JUAN 5 IT8518971U71 LUUI1809 ResNet based on transfer learning
wanUsEannngean da1Anugnaeaviniu 98.17% Tan et al. (2021) s9usangunnayulnsdu
8 viln Ingl¥ndosddvaausalniu Sruaugunmisrusuldvindy 4,067 sUam leiuA 1) Gingko
2) Ginseng 3) Barley 4) Ficus Carica 5) Jujube 6) Longan 7) Lotus Seed Wag 8) Lycium Usuguamn
Tiflaunindy 64 x 64 finuea ndaainiudiuguninlveyluguuuy Grayscale it athdoya
\iguuudasadleiinaeusieds CNN fideiuisuifisuds CNN fU35 Random forest wad5 Support
vector machine Tunisnaasslduusteyasendu 64% dmsulnaeu 16% dmsunisnsivaey
wag 20% d@1msunisnagaey Han1snaasuUsEdnsam n1sduunvdaanulnsiu 35 CNN
HUszansnmaaan dleiUSeuifisuiuds Random forest waw3s Support vector machine 1a® Chen
et al. (2023) l@duunanesiugayulnsiu Fritillaria cirhosa 37wu 3 aneiug Usenaume aneiug
Songbei @eug Qingbei Waranawug Lubei #1835 ResNet34 fiufuusslagnisifiuiaisediiouse
wuuifis Jusnlususisiieg foumasuundszan Softmax Weusulganrmansa TunaiFeus
voaluuTIany Teyadildlunismaaes Usgneudasgunmanulnsiu $1uau 3,915 3Unw
fwun 224 x 224 Winwa lagguidenunmuszianag 160 sUnm gId8uanmanisiuseuiiey
wuud1aed 3 35 LAunIs ResNet18 35 Alexnet wag 35 VGG16 aeldanmwindeunisussuiana
WWeaifu wuindaeugndesgegail 92.3% gand1 35 ResNet18 35 Alexnet wag 38 VGG16 Gauan
TiiufsusedvBamm uazarumngauvesisitiaue Sdnufidnvazadeiu fisng Angkoso
et al. (2023), Sharrab et al. (2023), Mookdarsanit and Mookdarsanit (2022), Panmuang and
Rodmorn (2023), ua Islam et al. (2024) 31n518a8L8oAnNANBIUSToTiNuLT wanslriugn
§3TeAane1emUiulsslsednsamnisdiuuniuaindie3dnisseusidedn uiedslsianu
faiifednfnfsiuyndeyaiiinuldlunssuiunisiinaey fedu Jadenddeildmunudeyagunm
ayulns uazwouns it lldusslowl Tunsiamnauiuuszanananm fog10gu Sharma et
al. (2024) nAaRIUUNFUAN MIBLUUTIABINTTISBUSLTGEN T VGG19 35 InceptionV3 35 LeNet
wag I8 Resnet50 gﬂmwﬁﬁ’]mmaaﬂLﬂugﬁﬂwwiuﬁ%ﬁiwuau 1835 gUnm 919w 30 vin Wugdnm
d15130y (https://data.mendeley.com/datasets/nnytj2v3n5/1) Nan15Mnasy 15 VGG-19
wanUszdAnSnmgegalainnugnienniaiu 99.85% Islam et al. (2023) lasausauguainluiiy
aulnsililudssmatinana uasmesunsdoyasuninauulns lasludesiu srusudeyasy nm
#dwu 2,029 gUam vdnduthunid gnszuaunts Augmentation Safisuniwsiuausiadu
38,606 3UAMM U983 a3 Un1MAINa1INIMA8ITIUUNTBY AR 18UUUTIABINTTIT8UF LT 98N
75 DenseNet201 uag 35 InceptionResNetV2 HANITNAADILAAIAIAINYNABUYVINNU 80.69%
uaz 90.09% Borkatulla et al. (2023) ldsausanguamlufivayulnsildluussimatenaime
TngléndosRdtaaunsaliu S1uan 10 anestug anewusas 500 sUnn wadlgideldvaansgam
ﬁiaunmlé’mmamwsmaNﬁg‘dm‘wéﬁEJLLUUf«i’ﬂaaﬂﬂm'%auiﬁumLvﬁ'aﬂ #1878 ImageNet pre-trained
ResNet50 35 DenseNet201 35 VGG16 way 35 InceptionV3 Tusuidsves Sarma et al. (2023)
Iasrunudeyaguninluivayulnslussdadu Useinaduide iwewns Mendeley platform 1gunm
\WdnsruIUN1T Segmentation Me35 U-net uarluauideues Tian et al. (2024) lasausiuguam
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ayulnsdu uay weunsiitelddmsunuiunsuszmananin Uszneude 2 yadeya Ao 1) guam
asnulnsTu 20 ¥lla 31u3u 3,384 U laegunainaenan tnsunisesuielaegdigmaaunisunmg
WA 2) rusImguamaulngdu 400 gunm fendesaunsaliu §ideldnaasuihgunimunaaes
Iuundeyazunindiswuudiass 8 35 lauwn 38 VGG ResNet 35 InceptionV3 35 ShuffleNetv2 33
SqueezeNet 35 MobileNetV2 uaz33 MobileNetv3 nanisnaaeswuituuuiaesnsisouivaanies
fhumeaes fimugnaesgsndn 90% lag3s MobileNetv3 flraugniesgean Irnvindu 97.10%

3. 2ONUUUNTINARDY
3.1 doyafililunsmaass
1) Foyaninaroguninanulnsediasiuau 4 vin ldud aiudu viudes lua
wagdIuued Suau 2,111 Junw weunsdeyauwivled Mendeley data anunsainiiaygadoya
199183 https://data.mendeley.com/datasets/87nmvwzkj/1

Number of Images per Class
653

&

Number of Images
-1

g

100

= o ° °
il 2 neuansdayaduugUnaELlnsTuunauUsELAN

2) indesiletauazUszidiuna (Evaluation Metrics)
ATeild T runeseslefldlunsiauasUssdiuna dil
AIAUYNABY (Accuracy) dmsunaaeuuseaniamlunisduundeyaldgnees
fiAngaaainiy 100% feaunisreluil

TP+TN
Accuracy = (—) x 100 (4)
TP+TN+FP+FN
ANANULLUEN (Precision)
.. TP
Precision = (5)

TP+FP
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ANMUASUDIU (Recall)

TP
Recall = TPIFN (6)
AUsEaANSAINIAesIY (F-measure)
2XPrecision xRecall
F — measure = (7)

Precision+Recall

3.2 M3n3guyadeya
1) 9usaadoyagunimieanulng S1uau 4 e Uszneude aiudy viludes Tna
wag F1uunedn InsayulnsiilasudndondeaulnsifiongnieuAuies anegunmminayulns
frindudoduludendesainsaliu dvunaouiidienimegaelueinis degranimdeguain
auulnsdauandlunmii 3

#07anmIInARE : PhlaiCrossCut

PhiaiCrossCut PhlaiCrosscut PhiaiCrossCut
1 I ‘
1 manne a: ZedoaryCrossCut #2pganmeInra1e: WildTurmericCrossCut

ZedoaryCrossCut ZedoaryCrossCut ZedoaryCrossCut WildTurmericCrossCut WikdTurmericCrossCut WildTurmericCrossCut

- ——

a Y ' ' g v
AN 3 C‘nafﬂﬂﬂ'ﬂ/‘lﬂqEJ?JTJﬂ']WﬁHulWimslN']uﬂqivmaaﬂ

TumericCrossCut

2) Unmitsausldiduau 2,111 sUnm Sangulndsunmdnunaudssinvues
anulns gUamd ldannndesausalau idulwduinana HEIC {3Fouvasludzunim
Hulwduwana JPG esnnlumsveaest §3314laua3 Pillow (e PIL) dwisunisUszananani
Falaisossulad HEIC Tnonsa oy Fedndudosudadiiidan HEIC 1u JPG wirnisudasind
970 HEIC \Ju JPG anavilinaunmuesguninanandnties usegelsiniu 11uideves Zhao et al.
(2023) ladin1suuaalnidan HEIC WUu JPG dmsunislinaeu waznsuszfiuna wuus1aeenIsdun
sUnm Tnelalldsenuisansenuiiddny deussavsammshauseauuiiass

3) sUamitlsnndesauninliy Suwalve fauandunmi 4 tieannsliminens
warANUTINSIUNTYSEIana §idedeusunnngunmlifivunaningy 224x224 finia
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Class
Class
Class
Class

'TumericCrossCut': Image sizes — {(4032, 3024), (3024, 4032)}
'PhlaiCrossCut': Image sizes - {(4032, 3024), (3024, 4032)}
'ZedoaryCrossCut': Image sizes — {(4032, 3024), (3024, 4032)}
'WildTurmericCrossCut': Image sizes - {(4032, 3024), (3024, 4032)}

A 4 anasuamnsusdlagldndesdidviaaunsnlny

4) a$redeyalndaintdeyaiifioy ineiiuauvainnagliniuyadeyarnasu

lnsnisasenmiidnisidsuwanantesainduaty degaeliuuuiassanusalouslafa
wazanlan1anisiia Overfitting A1en15tUnALla Data augmentation A0819NAANSINATA Data
augmentation fauanslugunIni 5

PhlaiCrossCut PhlaiCrossCut PhlaiCrossCut PhlaiCrossCut PhlaiCrossCut

Ahd

TumericCrossCut TumericCrossCut TumericCrossCut TumericCrossCut TumericCrossCut

‘ ® @ ® .
ekl

WildTurmericCrossCut WildTurmericCrossCut WildTurmericCrossCut WildTurmericCrossCut WildTurmericCrossCut

ZedoaryCrossCut ZedoaryCrossCut ZedoaryCrossCut ZedoaryCrossCut ZedoaryCrossCut

209 5 waawsnisiivmaia Augmentation

3.2 auflunsnaassdtwundeyagunmayulng
nsAnuldingUuszasaiioiofnwikazilTeufisulsedninmuasuuiiaes

N13EeRslgedEn Ussanlassieussamiflouwuunauligdu 4 35 laun 35 ResNet-50 35 VGG-19
78 DenseNet201 uag 38 InceptionV3 dwsunisdwuniunmmitayulng wiedds 4 wia
waz eUiuudansfinesvesuuuiiaeditinnumnzan uas UseilluussAviamusuuudiass
dmulfidudoyadestu lunmhluldlunssuiunssuunayulng ndmnduseunswiousndeya
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TinFeudmsudndiguuudnasin1sisouiidedn uaznaaeuyse@nSa1mn1s9uungunInue
Fodndumsded
1) wusdeyasenidu 70% dmsunisinaeu 20% d1sU N13RTIAERU LAz 10%
dmsumnageu
2) ndsnmsendonaiioudosudrlud unoud asdunismaassduundeya
A2875M13158U3L398n 4 75 Av 1) 75 ResNet-50 2) 75 VGG-19 3) 75 DenseNet201 uag 4) 35
InceptionV3 @4 iuandnenssulaseigyszamiisnuuuaoulagdu 7ldsun1sesnuuy
Wosesfurusmunguan fnrsiaund oandedida dnululasedioidednuuud siis
wu Jagminisgeyidennuduvesnsifeud (vanishing gradients) 13e mm%’wﬁaﬂumaﬁwmmﬁqn
swazidenlassainavesvuiassannsauindulilusnuves Yao et al. (2022) f519az1500
wuuaesiinaaedlusmAdodssd
3 VG6G6-19 Masaine Inssiedszamifisnuuuneulgiu uuudniiszneuse 19
$u Taeld iawwosaeuligiu wuin 3x3 MiFesdoutunansdu nudae iawessudeya uay tawes
Fousouuuiity Tassaisdsnandieliuuusassanansadouinudnuay (features) ladniidutou
fodriaveauudand fio S waumnfinesae dwalianududeulunisdun gwnuluse

Y

7% ResNet-50 Wla@uolulfn Residual Learning F997&8 shortcut connections
Lﬁaam‘ﬂzymmiqigLﬁammsﬁ'wuaaﬂiwﬁwuﬁ (vanishing gradients) Aiadululassinedian Tnseadng
Y09uUUTIa09 Usznoudas 50 Fu Tasuvseanidu residual blocks dstaelinisdsiuteya
vhlsegrsiiuszavsnm denalvinisSeudaudnuasidulussneuiuusiulassiefifirnudnun

35 DenseNet201 1¥uuafin Dense Connections lneliudaziaieas 13 oules
funniatesneuniinlaenss iunaln feature reuse FatoandurumnimesidndulunisGous
dwmaliuuuassiiuszansnnlunslifoyauastsannsgadedeyasenianed wuudmod
Usenoude 201 $u Fetneuudinsinavestoyalulasselditedu

7% InceptionVv3 14lassaing luga Inception (Inception Modules) Fe00nUuy
19l4 tawesmoulagtu nansvuranieluiawedideaiu ileduaudnunzain receptive fields
Aumnanety ildiaunsadoug dnvmzianizvosnwldeg 197usednsaow Tnssasiad
Frgansumsfiwesfifedd vnsietuiensadnvssansanlunisussnananinléd

3) 1935 Hyperparameter LﬁammﬁﬁﬁqmaﬂLwiazl,mmi’waaa MAUAAINITITLADST
Tun1snaaes MeuaziBoaauandlunisned 1

8 Hyperparameter lunszuiun1si3eusLdean Usznausae3snisiinainane
WU NSAUMILUUNGA (Grid Search) (Liashchynskyi & Liashchynskyi, 2019) n15Auniga (Random
Search) (Andradéttir, 2015) n1sanALATABUY (Gradient Descent-Based Optimization)
(Ruder, 2016) Lag3sn1suULLUEIReU (Bayesian Optimization) (Falkner et al., 2018) agglsAna
lunsdlveuuudnaeanisieusigadnuuinlg Nuflvesrminimesidlawes (hyperparameter
space) sinfivaulafinianaziianududougs dwaliisnstredu ddedialusnulszansamuas
AU
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ax A

ANSAUMLUUNSA (Liashchynskyi & Liashchynskyi, 2019) 1JuiS#vin1suseiiiu
Armnsidimeinnan nelugedifvun 4ausdagansaszyaimnzanldegadaiau uides
TgnSnensiuian uazn1suszaianags sumzﬁmsﬁumfju (Andradottir, 2015) Wuisiigneansuu
nsnaaesld lngordenisguaimidinesaindredidimun eg1dlsfiniu 38n1sdana1n fddediin
AuUsEAnEAIN TunsussnanaluurtIu NM3anANSREEs (Ruder, 2016) anfuauufgiuinfleidu
wWhnne dosdidnwaiduasuind (convex function) wieluwledn nszuiunmsazgiingeniiiign
(optimum) 18d159 wilumsufeR Heiduiifedestunmsmeamsdmesivunzay fnildnvue
Aliutueu war Fudeugs dmivismsuuuiugideu (Falkner et al, 2018) $1dudoudenld
wuudaeafly (surrogate model) Mivsnzan Gsoralsianunsalinuldedisdivszansamlunnnsdl
Y9Ugyn

aelduiunresuideadul madenldnsdumigy Saduuumieimunzan
vl e9annanunsnadsaunasendeamda Anuseudte wazUszdnsainlunisldauais
dewFsuifisudunisduniuuunia Snvedauansssdnsamda lunsdiinidimes i
fidnsnanenadnsreuusians unndmsfimesiaay (hyperparameter sensitivity) uena Nt
nsAumgy dnnudangulun1sinuntiauerInsdmes waga1unsoatiun1smeasadiuanuin
I nnelunandudiin § e nlenialunisdunmianimunzan luaninuindoud ddad1ia
AUNINEINT (Andradottir, 2015)

M19199 1 TwatduansivueAnnsdiwesluluuiaeINsseudidn

Yunau FIUALLDYANITAIAT
NTAIATUAY seed value = 123
Data augmentation - %aada‘?lﬂaau: rotation_range=20, width_shift_range=0.2,

height shift range=0.2, shear_range=0.2, zoom range=0.2,
horizontal flip=True, fill_mode="nearest'
- JayansIEOU Uay Toyanaaeu: rescale=1/255

QRGN D LY - U Flatten
(Architecture) - Dense (Usudnuaulnunaaiy hyperparameter tuning, leridunsesu
relu)

- %u?jﬂﬁw Dense + softmax d1mIUNsIUUNTAUARTE
ANSUSULAS - ANSAUNT: dense units = [128, 256], learning rate = [1e-2, 1e-3,
Hyperparameter le-d]

- $1nundinsmeaeu = 5, 31UIUSAURN = 10
nsHnasuazUszInaNa - epochs = 100 Way 200

- Uszifiuluudnaeanie Test Loss wag Test Accuracy

- LLe@ne Confusion Matrix Wa@s metrics: accuracy, precision, recall,

fl-score
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nsUSuwsanndwes Wunszuvaunsiddglunswaminuudiasinisifous
Feiin Wielilduuudiaesiifivssavsnmgegn euided Idusuudmaiiveivdn 2 mafines
fo suaulnunludu Dense (dense units) WAy 8nIINITISeus (Leaming rate) r:huﬂi UIUNT
Hyperparameter Tuning 310 M15799 1 msmuummmu‘[wumiwu Dense i 128 way 256
\dunsidenaAfienaaeuuszaniam lngdn 128 Lﬂuﬂmm‘imu'muﬂiﬁjﬂmmumaawimmﬁuau
mmsmm"usqmay‘aﬁummnmﬁLLazsznsJﬂaQﬂumimm Overfitting @1uA1 256 vzaliuuUINges
ansaduneandenvesdoyalduiniu Fserafiuanuannsalumsduunldfidy dmsudan
M5158uTT 1e-2 1e-3 uay le-4 AsouARuTIANLSlunIsSousangslus ednuwinanseny
yoansUiuiniinluudazdunou msldedunndnatuiazdinidondnnmaiouiiiuzandan
wazUFulTaUsEansnmuasluwea

1) vasoswundeyadieisnisSoudvenniowaiiu 2 33 Ao 1) 38 Random forest

uaz 2) 35 Support vector machine

Nan1sIvBuazafUTIENa

middvilldnunuteyagunmayulng 4 via Wun adiudu afiudes na uazdiuunsd
é’wﬁé’aaam%mMﬂuamwmé’auﬁmuqu U3 2,111 U msazidUszinanaluluudnaes
M33eudiBedn 6 3 nansdidumsveassiauansluniaed 2 wadwsildanusiazisiauunnsng
fugiail

78 ResNet-50 Tun1sfniu F1u7u50UN1THN 100 58U fA1ANgNADY WU 0.81 way
AUszANSanlags Wiy 0.81 wansliiiuinuuudassaunsasiuungunmlad dannuggde
Wiy 0.46 waziflofindruauseunisilnidu 200 sou Arrugndes uay AUsEANSAMTngTI
Wintudu 0.98 waz 0.98 mudiy Fuandliiuiy wuusassanansauiuussUssansamldaty
dlefinmsfindusnnty

18 vGG-19 Tun1silniu 97uruseun1sin 100 daA1Ad1ugndes windu 0.99 uay A1
Uszavisnmlaesin widu 0.99 Faduenfigann wansiuuudiass danuanmnsalunsduungam
Ifwiugn wazasuiu wazieifiudnnuseumsilnidu 200 sou Augyde dintudniien fe
0.11 fiAAnugndes uas Aszavsamlneson fnseeluseiudiged 0.98

35 DenseNet201 uanswadnsfiafignlunng su lunsiladu $1uruseunisiln 100 seu
fiAAnugnaes WAy 0.99 waz Avszansainlagsiy windu 0.99 TasfiArarmgadesiiian
Wiy 0.03 e usruauseunisindu 200 seu ArAugdes uay A1UsEANSANlAeTI
Wity 1.00 Swandfifuiesyansamlunssuunguniniigeian

3% InceptionV3 Tun1silnilu F1u3useun1siN100 s Hf1A1UYNABY 111y 0.99
uaz AUsEAnSmlaesIN Winfu 0.99 Jeuansdenadnéaiiunn Weiinduseunsilndu 200 seu
ArAnugnAes way A1UsEAnEalaesIn anasmde 0.95 uag 0.95 ANy Feoraidunasin
nsinruanniuluvseiang overfitting Autayaususean
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Tunsaaeuse3s Random forest léAnnmgnsos 7 0.87 way Aszdnsamlngsiud
0.87 Gauanadisnuanansa lunmsduunguamluszdiviiunans Tnefianuusiuduasanunsudui
mndlunansi3ousidedn

3% Support vector machine ffAmgndes A 0.92 uaz AUszANEAMIngTIN 7 0.92 T
wandlifiuinfiusednsnmiinia 38 Random forest wifansinilunanisiSeusidedn

A19199 2 ANTILEARINANTITNAABIIN LLuﬂEﬂﬂ?WﬁH‘lﬂWi

51830 9UN1S AR AMIUN AR ANADTM A

wuudnaes  Hniy goyide fioq wivdr  ATUAW  gs2BnSnn

(Epoch)  (Test loss) (Test Precision  Recall Tawsu
Accuracy) E-measure

ResNet-50 100 0.46 0.81 0.84 0.81 0.81
200 0.09 0.98 0.98 0.98 0.98
VGG-19 100 0.06 0.99 0.99 0.99 0.99
200 0.11 0.98 0.98 0.98 0.98
DenseNet201 100 0.03 0.99 0.99 0.99 0.99
200 0.01 1.0 1.00 1.00 1.00
InceptionV3 100 0.02 0.99 0.99 0.99 0.99
200 0.09 0.95 0.96 0.95 0.95
RF 0.87 0.88 0.87 0.87
SVM 0.92 0.92 0.92

9937 2 MnwanIaae UM s ungUnmayulnsTaglfiuudaesnsitousidedn
1 35 VGG-19 38 DenseNet201 uaz 33 InceptionV3 uanssadwsaisiszaviamiazanuutiugngs
ﬂdﬁ%‘ﬂmﬁ'auﬁmauﬂ%aqﬁqL?m lAuA 38 Random forest wag 35 Support vector machine
dwsumanmssuunamlagliuuudiasinisiSoudisdn wuin3s DenseNet201 fAifiS1uusey
n15in 200 59U WAAIAIANNGNFBS gadat 1.00 WFouA1IAILLL UG AAINATURIY
war A1UszAnsamlagsin fisedu 1.0 nsiisuiuseuntsiln 200 seudusz@nsaingendn
n1sflndae 100 59U 8191fin9n wuuTassiandisme lunsifouszuuuuresdoya TdATy
luseunsiinfiiiadu denaliussAvsnmusauuudians oglusedugelu 333 DenseNet201
fnadnédfign enaideanannisesnuuy Munsdeulosseninnateedegnsuiuiy (dense
connections) @ s9asliuuusiaes amnsniieusaudnvueiddy IHATuaindayaguain
75 DenseNet201 Wn9 Latwesaziudeyannyny lawoineumii Jsilvideyaiiddy griluldle
otildsdninm andymmagadodoys uazdaeliuvuiaes anwnsadurruduniug sewing
SnwnzvestoyaldFndsBeiu uonani DenseNet201 ENlI%’I“L!’J‘HW’]i’IiJLG]E)W]‘L!@EJﬂ’J']‘U’NLL'U'UR]’]aEN
19U ResNet-50 @ aviluuudnans amnsalnsuléiss wazfianudaveuuinnin dsaenndosiu
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NAN15NAADI8 Borkatulla et al. (2023) filss1891u nan1snaaausuundeyazuananyulng
Tudsginatanaiing 33 DenseNet201 uansnadnsiafign faranugnieavindu 0.97 dauis
VGG-19 uaz 35 InceptionV3 finadwslndidssiu Inelrraugndeasiniu 0.98 fis 0.99 iieseu
nsEinegdl 200 U uARIEsAIIFaLTDI UL AR 3 35 TumssuungUninayulnsludnuay
il Tuvnuzil 33 ResNet-50 uansamgniosanaadniion aiflauiuis DenseNet201 uay 38 VGG-19
0614l5fnu 35 ResNet-50 Adsnsuansnadndiigeda 0.98 laseumsiineg 200 seu

Naﬂ’l‘iﬁﬁLLuﬂIﬂﬂi%%gﬂﬁiLgﬂuisﬂ@dLﬂ%‘l@\iﬁguaw 75 Random forest a¥33 Support vector
machine fifnAnugndesfisinituuuiiassnsiiousidedn Iag 35 Random forest firAnugnies
Li1AU 0.87 wag Support vector machine 4A1AMNLNULET AIAMNATUNIY WAz AIUTEANTAIN
Tagsau Useanm 0.92 ufdwadwsinandazdenanimel uduszAnsamsanswiniuuudiaes
nsiFeuiidedn Fadliifuinnsliuuuiasndednenaduisdumnsaunitlunissuunguain
fslnnududeu

GRLY

Nt aUszasdifle WefinwwasUSouiisulsaviamussuuusiaosmalisusiedn
Uszianlasednguszamiisnuuunauligdu 4 35 1oun 35 ResNet-50 35 VGG-19 35 DenseNet201
uaz 38 Inceptionv dmsumssuunguammiiasulng luasdds 4 via 1dud afudu «fudes lna
LAz way WileUSuussnfivesvesuuudassliiinumnzay was Usvifiuussavsnm
vouuudaes dwiulidutoyadesiu lumaldllunsyuaunsduunayulng udulunidel
A9 mﬂmwiamamaiﬂmwamuiwwiuLmlwm fifidnuairadondstunn e 4 via Faondos
g alny e uns arstsazdusulnd felunsiluldluau i seduntsussanann
ThdUszAnsamundy §3domaaassiuunsuamayulng frowvudiaosnisieuidedn 4 33
A ® 1) ResNet-50 2) VGG-19 3) DenseNet201 Lag 4) InceptionV3 wagld' 7§ Hyperparameter
ilemariinfiaauesuaziuuiiass nan1smnaesandliifiuin 33 DenseNet201 Aifidrurusounstin
200 50U fAnuwtiudrgegaiaiiowIouifisutuuuudiasdu q Aldvinnismaass deranugade
wiaiu 0.01 uaasliiudsdnenmusauuudaeslasaieyszamiisnuuuneuligdu Tunisduun
sUamitwayulnsldegsutiugr iWuwumsunsusegndldlugnavinssudiiddes 1wy nsunng
uwulne gaavnssuel o1msiaiy uazvdiens e velvnszuiunsdaueningAvayulng
Tiauusiuguarlfumsgiunnd sty ddaevuds nsmsndeudausnfivayulng Sndndunis
meldanizuasdiioane Weoliawisaussifiudnuar war quautfnig q vesivayulns
§egegndesuarutugl lusnuided dudunisdenwiivauulng aeldanisuasiiaauguld
Tufesufuanis il eananuudsusiu uay tiuanugndedlunisussiduna egndlsfnnm il ol
n3Useluysednsninveiuudnass nnuaTouRquLazaanAaes nun1sldnuluaniunisalase
nsfinwsely msfinsanvaseuwuusiaes meldaniizundeuiivannvansinniu iy nisaienin
Tuiluasiios 3o MnusmoiuAnFeiy MInAaeuiana axdagliiulaiuuudaesamsaduun
sunm IsiegegnioduanneilndiAssiumsldauaie
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DEVELOPMENT OF WOOD-PLASTIC COMPOSITE PANELS FROM MARIAN PLUM BRANCH
RESIDUES AND POLYETHYLENE FOR COMMUNITY ENTERPRISES

Kittiphan Boontositrakul Narongsak Yenparsert? Kittipong Suweero® Itthi Plitsiri®

Thaveesak Srichanin® Pramot Weeranukul® Apichote Urantinon’

Abstract

The primary objective of this research was to develop wood-plastic composite panels
produced from plastic-biomass composites, utilizing Marian plum branch residues, a natural
material, and polyethylene plastic, which is widely used in producing industrial materials. The
project was aimed to fabricate material suitable for use in community enterprises that require
multifunctional applications and practical materials. In the current study, the researchers
designed ten different mixing ratios of Marian plum branch residues and polyethylene to
determine the most suitable composition for manufacturing composite wood panels. The wood-
plastic composite panels gained were tested for mechanical properties according to the Thai
Industrial Standards TIS 2998-2562 and TIS 876-2547, which relate to wood-plastic composite
panels produced from plastic-biomass composites.

Test results indicated that the optimal wood-plastic composite panels should be
consisted of a ratio of 3.5 parts of polyethylene plastic to 1 part of Marian plum branch residues
by weight. The panel achieved a density of 877.35 kilograms per cubic meter, a bending strength
of 14.10 megapascals, a modulus of elasticity of 2,112.98 megapascals, and a perpendicular
tensile strength of 0.95 megapascals. These properties were suggested that the developed
synthetic wood panel has been well-suited for indoor applications, particularly for interior

decoration, where only moderate mechanical loads are encountered.

Keywords: Marian plum branch, Wood-plastic composite panels, Polyethylene,

Community enterprises
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CAUSAL FACTORS INFLUENCING QUALITY OF LIFE AMONG PREGNANT WOMEN
SUPHAN BURI PROVINCE

1% " . e 2
Natchavee Oksue™ Wirasiri Waseeweerasi

Abstract

The quality of life of pregnant women is critical as it affects adequate prenatal care,
which is a key factor in reducing maternal mortality rates. This research study employed a
descriptive cross-sectional design using structural equation modeling (SEM) and path analysis to
investigate the factors influencing the quality of life among pregnant women in Suphan Buri
Province, Thailand. The research sample comprised 400 pregnant women selecting through
purposive sampling from four hospitals, which were chosen by ranking the number of pregnant
women from highest to lowest and using simple random sampling. The questionnaire was the
research instrument, which was divided into six sections, including both open-ended and closed-
ended questions. Data analysis involved descriptive statistics, confirmatory factor analysis (CFA),
and path analysis using statistical software.

The research findings revealed that many pregnant women had an overall quality of
life at a high level, accounting for 70.75%. Pregnancy health literacy, health promotion
motivation, and social support had direct effects on health promoting behaviors with
standardized path coefficients of 0.56, 0.21, and 0.11, respectively. Moreover, they had indirect
effects on quality of life with coefficients of 0.48, 0.18, and 0.10, respectively. Health promoting
behavior had direct effect on quality of life, with a coefficient of 0.86. These factors collectively
explained 65% of the variance in quality of life (R2 = 0.65). The developed structural equation
model demonstrated good fit with empirical data, indicated by fit indices: Chi-Square = 415.71
df = 211 Chi-Square/df = 1.97 CFl = 0.97 GFI = 0.98 AGFI = 0.96 RMSEA = 0.04 and SRMR = 0.04.

The research findings highlighted that pregnancy health literacy, motivation for health
promotion, social support, and health-promoting behaviors have been key determinants
influencing the quality of life among pregnant women. Therefore, public health agencies should
develop programs focusing on strengthening these components to enhance the quality of life

among this population.

Keywords: Structural equation modeling, Path analysis, Quality of life, Pregnant women
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A15797 1 LN UNTSASIIERUIASEAUAIINEBAARBINANNEY (Goodness of Fit Measures)
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CARBON FOOTPRINT ASSESSMENT OF SCIENCE CENTER,
VALAYA ALONGKORN RAJABHAT UNIVERSITY UNDER ROYAL PATRONAGE

Nahathai Chotklangi* Weerawat Ounsanesa’ Natsima Tokhun >

Abstract

The objective of the current study was to assess the organizational carbon footprint of
the Science Center at Valaya Alongkorn Rajabhat University under the Royal Patronage. The
assessment was carried out based on the guidelines established by Thailand Greenhouse Gas
Management Organization (Public Organization). Data collection was conducted for one year
between August 2023 to July 2024 which was defined as baseline period for calculating
greenhouse-gas emissions in form of carbon dioxide equivalent (CO.eq). The results were
indicated that the total greenhouse-gas emissions of the Science Center were 205,830.40
kilograms of CO.eq, which were categorized into the following scopes of activities: Scope 1 was
equal to 16.60 kgCO.eq (0.01%). Scope 2 was equal to 173,401.77 kgCO,eq (84.25%) and Scope
3 was equal to 32,412.58 kgCO,eq (15.75%). Electricity consumption was identified as the major
activity contributing to greenhouse-gas emissions, representing the percentage of 84.25. Then,
staff commuting between the university and residences representing the second-largest
percentage of 15.50%. The findings were highlighted the necessity to implement effectively

energy-saving guidelines and policies within the organization.

Keywords: Carbon footprint for organization (CFO), Greenhouse gas,
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This study proposed a mathematical model to optimize workforce utilization in Small
and Medium-sized Enterprises (SMEs) operating multiple tie-dye production lines involving a
total of 10 distinct jobs with processing times ranging from 15 to 60 minutes. Two assignment
strategies were developed and compared: the Multiple Production Line with Worker Pool (MPL-
WP) model, allowing workers to be flexibly assigned across production lines, and the Multiple
Production Line without Worker Pool (MPL-NWP) model, restricting workers to specific lines. The
models were formulated as binary integer programming problems incorporating processing time
constraints, precedence relations, and takt time to ensure feasible production schedules. Using
the Python-MIP optimization package, various scenarios with differing production demands and
available times were solved to analyze the relationship among these factors and the required
workforce size. Results were indicated that the MPL-WP model generally reduced the total
number of workers needed by up to 25% compared to the MPL-NWP model, particularly under
high-demand or time-constrained conditions. This has highlighted the operational benefits of
worker flexibility in improving labor efficiency and reducing costs. Moreover, the findings were
provided actionable insights for SMEs seeking to enhance productivity despite limited resources
and fluctuating demands, reinforcing the practicality and relevance of flexible assignment

models in real-world production planning.
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Introduction

In the vibrant world of Small and Medium-sized Enterprises (SMEs), particularly those
involved in the textile industry, efficiency and resource utilization are paramount. This paper
introduces a mathematical model that addresses these challenges through a job assignment
approach, specifically designed for two similar production lines involved in the coloring process
of tie-dye. The products of this SME are categorized into two color series: the multi-color series

and the Signature Blue series, as shown in Figure 1.

Figure 1 (a) Signature Blue series, (b) Multi-color series

To produce a tie-dye shirt in both series, the process begins with the tying of the fabric,
a crucial step that determines the pattern and design of the final product. The fabric is tied in
a specific manner to achieve a square pattern, a popular design in tie-dye textiles. Next, the dye
is prepared. For the multi-color series, a mixture of blue, orange, yellow, and purple dyes is
used—each in equal proportions (1 unit each)—to create a vibrant and balanced color palette.
For the Signature Blue series, a single blue dye is used, resulting in a monochromatic yet striking
design. The mixed dye is then injected into the fabric. This step requires precision and care to
ensure that the dye penetrates the fabric evenly while maintaining the integrity of the square
pattern. Finally, the tie-dye tools are removed, and the fabric is hung to dry. This step allows
the dye to set and the pattern to emerge clearly.

Throughout this process, workers play a central role in each stage. From fabric tying and
dye preparation to injection and drying, these tasks are performed manually and require skill,
timing, and attention to detail. Any inefficiency in task allocation—such as assigning too many
jobs to one worker or leaving others underutilized—can lead to production delays, reduced

quality, and unnecessary labor costs. This is especially problematic for SMEs, where the
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workforce is limited and demand may vary across products. As such, effective worker assignment
is not just a matter of efficiency—it is critical for the viability and sustainability of operations.
Given these challenges, the development of an optimization model becomes essential. This
study proposes mathematical models that minimize the number of workers required while
ensuring all production tasks are completed accurately and on time. The models are structured
to address key constraints such as takt time, task precedence, and job completeness. The
uniqueness of our models lies in their adaptability to handle the complexities introduced by
variations in pattern and color in the tie-dye process, despite the shirts undergoing the same
set of production steps.

The assignment problem has been widely studied across various industries, evolving
from classical models focused on minimizing cost or maximizing efficiency in task assignments
(Silva et al,, 2021; Zain & Akbar, 2022). Studies have expanded to address more complex
scenarios such as the Balanced and Unbalanced Assignment Problems, where the number of
tasks and agents differs (Liu et al,, 2023). Further, the Prohibited Assignment Problem (PAP),
which restricts certain assignments, has been explored to reflect real-world constraints in
industries requiring flexible planning (Ibrahim et al., 2024; Song & Cheng, 2022). Similarly, the
Bottleneck Assignment Problem (BAP) minimizes the maximum cost in an assignment, offering
solutions for industries sensitive to production delays or bottlenecks (Michael et al., 2022).

The Quadratic Assignment Problem (QAP), known for its application in facility layouts
and manufacturing plant designs, has been recognized as NP-hard, with extensive research
dedicated to its complexity and solution methods (Misevi¢ius et al., 2024). The Generalized
Assignment Problem (GAP) extends these principles by allowing agents to handle multiple tasks
within capacity constraints, which is highly relevant to SMEs managing diverse production
demands (Baldé et al., 2021). Multi-objective approaches further refine the assignment problem
by balancing criteria such as cost, time, and worker satisfaction, as demonstrated in fuzzy and
stochastic models (Beaula & Saravanan, 2022; Ulutas et al., 2023). The incorporation of these
models into transportation and routing problems, such as the Traveling Salesman Problem (TSP)
and the Vehicle Routing Problem (VRP), has expanded their applications to logistics and

production scheduling (Alanzi & Menai, 2025; Bogyrbayeva et al.,, 2022). Additionally, the Air
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Crew Assignment Problem showcases practical use in complex human resource scheduling
(Kushwaha & Sen, 2025).

Despite this rich body of research, few studies specifically address the challenges faced
by SMEs operating multiple production lines. While studies in scheduling (Pinedo, 2022; Jansen
et al,, 2022), flexible manufacturing systems (Weckenborg et al., 2024; Bouska et al., 2023), and
supply chain management (Kumar et al., 2023; Schoenfelder et al., 2025) offer relevant insights,
they often assume large-scale industrial settings. SMEs face distinct constraints, such as limited
workforce, product variation, and fluctuating demand, which require specialized models. Recent
research emphasizes the importance of sustainability and resource optimization in production
systems (Jamwal et al. 2021), aligning with operational strategies discussed in production
management (Rajeev et al., 2017).

However, while existing studies on the assignment problem touch on workforce
optimization, line balancing, and pooling strategies, they haven't merged these techniques.
Moreover, their application to Small and Medium-sized Enterprises (SMEs) or tie-dye production

is unaddressed as illustrated in Table 1.

Table 1 The studies about the assignment problem related to this study

Optimization
Model / Study Pooling Strategies SME Tie-dye Production
Workforce Line Balancing

Zain & Akbar (2022)

Liu et al. (2023)

lbrahim et al. (2024)
Smith & Lee (2022)
Michael et al. (2022)
Beaula & Saravanan (2022)
Kushwaha & Sen (2025)
Pinedo (2022)

Jansen et al. (2022)
Bouska et al. (2023)
Schoenfelder et al. (2025)
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Objectives

This study proposes two versions of the model for multiple production lines: one that
allows for worker pooling (MPL-WP) and another that does not (MPL-NWP). Implemented using
Python-MIP and tested across multiple scenarios of time availability and demand, the models
demonstrate how job assignment efficiency can be significantly improved even within the labor
and operational limits of SMEs. These models fill this gap by comparing worker pool and non-
worker pool strategies to optimize workforce utilization and line balancing in SMEs with multiple

tie-dye production lines.

Materials and methods

1. Multiple Production Line with Worker Pool Model (MPL-WP)

This model is designed to minimize the size of the workforce under certain assumptions.
These include: the number of workers must be equal to the number of tasks, each worker can
be assigned more than one task, and each job must be performed by exactly one worker. The
takt time is calculated based on the total demand. This model assumes a single pool of workers,
implying that all jobs from all production lines are gathered into one set. In addition, the takt

time should not less than the maximum production time of all job from all production line.
Indices
I = Number of job(i=1,2,.,N)
Parameter
TT - Takt time
PT; Processing time to produce a unit of job i
Pred = Precedence relations between jobs;
Decision variable
*ij = Binary job assignment variable for worker j be assigned to job i

Yji = Binary variable to hire worker j

Objective function

M
MIN = Zy,- (1
j=1
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Constraint
N
PTIXXUSTTX}/] V]ln] (2)
i=1
N
Jj
N N
szj XJZ ) XpjXJ Vs, rin Pred (a)
Jj J

This model’s main goal (1) is to minimize the workforce size, which in turn optimizes
the use of resources. This is accomplished by a series of well-structured constraints. The first
constraint (2) guarantees that the total processing time for all jobs doesn’t surpass the cycle
time or 100% utilization of one worker, preventing resource overuse. The second constraint (3)
mandates that each job is performed only once, ensuring all tasks are finished within the
production cycle. The third constraint (4) follows the predecessor constraint, preserving the
order of the production sequence.

2. Multiple Production Line with non-Worker Pool Model (MPL-NWP)

This model is designed to minimize the size of the workforce for each production line
under certain assumptions. These include: the number of workers must be equal to the number
of tasks, each worker can be assigned more than one task, and each job must be performed by
exactly one worker. The takt time is calculated based on the total demand. This model assumes
a pool of workers for each production line, implying that jobs from each production line are
separated into k distinct sets. In addition, the takt time should not less than the maximum

production time of all job from all production line.
Indices
| =Numberofjob(i=1,2.,N)
K = Number of production line (i= 1, 2, ..., M)

Parameter
CT* " _ Takt time of Production line k
PT Processing time to produce a unit of job i of Production line k
Pred®

= Precedence relations between jobs;
Decision variable
x5 = Binary assignment variable for worker j be assigned to job i of production line k

/. Binary variable to hire worker j of production line k
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Objective function

M N
MIN ="y (5)
k=1j=1
Constraint
ZPT!‘xx{;s CT* X y¥ vjinJkinK (6)
=1
N
le Viinl,kinK )
J
N
Zx]x]>2x”><] Vs, rinPred® kinK (8)

Jj

This model’s main goal (5) is to minimize the workforce size of each production line.
The first constraint (6) guarantees that the total processing time for all jobs doesn’t surpass the
cycle time of each production line. The second constraint (7) mandates that each job of each
production line is performed only once. The third constraint (8) follows the predecessor
constraint, preserving the order of the sequence of each production line

3. Production Line Data

The processing times were obtained through field observations conducted at a small-
to-medium-sized enterprise (SME) located in Pathum Thani province, Thailand. This SME
specializes in the production of tie-dye fabric products, including both the multi-color series
and the signature blue series. As Table 2, the production process for the multi-color and
Signature Blue tie-dye series consists of a series of jobs that vary in complexity and processing
time. For the multi-color series, the process involves fabric tying, squaring, dye mixing (blue,
orange, yellow, and purple), dye injection, and drying, with processing times ranging from 15 to
60 minutes. The Signature Blue series follows a similar process, but with fewer colors, including
fabric tying, squaring, dye injection, and drying, with tasks taking between 15 and 50 minutes.
Each task has defined successor steps, ensuring the proper sequence of operations across two

separate production lines as Figure 2.
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Figure 2. Precedence relations, (a) Multi-color series, (b) Signature blue series

Table 2 The information of multi-color and Signature blue production line

No. of . Processing No. of
. Job description . Successor .
job time Line

1 To tie the fabric (multi-color series) 25 2 1

2 To square pattern tie-dye (multi-color series) 15 34 1

5 To mix facbric dye of blue, orange, yellow and 60 . )
purple color (per 1 unit)

To inject the mixed dye to the fabric (multi-color
4 a0 5 1
series)

s Remove the tie-dye tools and hang the fabric to dry 5 )
again (multi-color series)

6 To tie the fabric (Signature blue) 50 7 2

7 To square pattern tie-dye (Signature blue) 30 8,9 2

8 To inject the mixed dye to the fabric (Signature blue) 20 9 2

9 To mix facbric dye of blue color (per 1 unit) 15 10 2

Remove the tie-dye tools and hang the fabric to dry
10 30 - 2

again (Signature blue)

4. Scenario Experiments

These 9 scenario experiments were set to vary demand and available time on the

worker size that also obtained through observations conducted at the same SME. The scenarios

included variations in the demand in range of 100-200 units for Signature Blue and Multi-color

products, and the available time in range of 2-6 hours as shown in Table 3. Moreover, the values

of takt time are varied based on demand and available time.
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Table 3 A summary of the scenario experiments

Demand (units) Available Takt time (sec)
Scenarios time MPL-NWP
Signature Blue Multi-color Total MPL-WP -

(Hours) k=1 k=2
1 100 100 200 2 36* 72 72
2 100 100 200 4 72 144 144
3 150 100 250 a4 57.6* 96 144
4 200 100 300 4 a8* 72 144
5 200 150 350 a4 41.14% 72 96
6 100 100 200 6 108 216 216
7 150 100 250 6 86.4 144 216
8 200 100 300 6 72 108 216
9 200 150 350 6 61.71 108 144

*These takt time less than the maximum processing time

Results and discussion

After using Python-MIP to optimize both models with the case study data, the results
from the scenario experiments provided valuable insights into the relationship between
demand, available time, and required worker size. Table 4 presents the optimal number of
workers and their job assignments for Scenarios 2, 6, 7, 8, and 9 under two models: MPL-WP
and MPL-NWP. Scenarios 1, 3, 4, and 5 are excluded, as optimal results for the MPL-WP model
were not obtained in those cases.

In Scenario 2, the MPL-WP model required 5 workers: Worker A was assigned to Job 6;
Worker B to Jobs 1, 2, and 7; Worker C to Job 3; Worker D to Jobs 4 and 5; and Worker E to Jobs
8, 9, and 10 as shown in Figure 3(a). In contrast, the MPL-NWP model achieved a more efficient
solution with 4 workers, where Worker A handled Jobs 1 to 4, Worker B took Job 5, Worker C
covered Jobs 6 to 9, and Worker D completed Job 10 as shown in Figure 3(b). In Scenario 6,
MPL-WP needed 3 workers (A to Jobs 1 and 6-7, B to Jobs 2 and 8-9, and C to Jobs 3-5 and
10), while MPL-NWP used only 2 workers (A to Jobs 1-5 and B to Jobs 6-10). For Scenario 7,
MPL-WP used 4 workers: Worker A handled Jobs 1, 6, and 7; Worker B took Jobs 2 and 8; Worker
C was assigned Jobs 3 and 9; and Worker D took Jobs 4, 5, and 10. The MPL-NWP model used
3 workers, assigning Worker A to Jobs 1-4, Worker B to Job 5, and Worker C to Jobs 6-10. In

Scenario 8, MPL-WP required 5 workers: Workers A to Job 6; B to Jobs 1, 2, and 7; C to Jobs 3
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and 8; D to Jobs 4 and 5; and E to Jobs 9 and 10. MPL-NWP needed 3 workers, with Worker A
assigned to Jobs 1-3, Worker B to Jobs 4-5, and Worker C to Jobs 6-10. In Scenario 9, MPL-WP
required 6 workers and MPL-NWP achieved the solution with 4 workers, showing better efficiency

under separate-line constraints.

3 ©
O-OHHO-0G) O-C—HG)
@@é.em ® o@e ®)

(a) (b)
Figure 3 Optimal solution of scenario 2 (a) MPL-WP, (b) MPL-NWP

Table 4 Optimal job assigsnment plans

MPL-WP MPL-NWP
Sce.  Worker No. of job Worker No. of job

size 1 2 3 4 5 6 7 8 9 10 size 1 2 3 4 5 6 7 8 9 10
1 6 A A B C C D E E E F
2 5 B B C D D A B E E E 4 AA A A B C C C C D
3 5 A A B C C D E E E E
[ 5 A A B C C D D D D E
5 5 A A B C C D D E E E
6 3 A B B C C A A B C C 2 A A A A A B B B B B
7 a4 A B B D D A C C C D 3 A A A A B C C C C C
8 5 B B C D D A B E E E 3 A A A B B C C C C C
9 6 B B C D D A E E F F a4 A A A B B C C C C D

After obtaining the optimal solutions from all scenarios, a comparison of worker size
and labor cost was conducted across four levels of total demand: 200, 250, 300, and 350 units,
as presented in Tables 5 to 8. Each table shows how different models (MPL-WP and MPL-NWP),
available time, and takt time affect the efficiency of workforce utilization and overall labor cost.
In addition, the labor cost was calculated based on the new minimum wage rate (July 1, 2025).
For Pathum Thani province, the applicable wage rate is 372 Baht per day.

Table 5 compares the optimal worker size and labor cost for a total demand of 200

units under different available time conditions and model applications (MPL-WP and MPL-NWP).
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In Case 1, using MPL-WP with only 2 hours available and a takt time of 36 seconds (which is less
than the maximum processing time), the model fails to find a feasible solution due to time
constraints. Case 2 applies MPL-WP with 4 hours available, requiring 5 workers and resulting in
a labor cost of 1,860 Baht. In Case 3, when the available time increases to 6 hours, the same
model requires only 3 workers, reducing labor cost to 1,116 Baht, demonstrating the benefit of
extended production time. Cases 4 to 6 apply the MPL-NWP model. Case 4, with 2 hours
available, requires 6 workers and results in the highest labor cost of 2,232 Baht. In Case 5, with
4 hours, the labor cost drops to 1,488 Baht with 4 workers. The most cost-effective result
appears in Case 6, where 6 hours of available time allow the model to operate with only 2
workers, achieving the lowest labor cost of 744 Baht which is the best choice for the 200 units
of total demand.

Table 6 presents the optimal worker size and labor cost for a total demand of 250 units
under different available time conditions and model applications. In Case 1, using the MPL-WP
model with only 4 hours of available time and a takt time of 57.6 seconds, the model could
not find a feasible solution, as the takt time was less than the maximum processing time. In
Case 2, still using MPL-WP but with 6 hours of available time and a takt time of 86.4 seconds,
the model achieved a feasible solution with 4 workers, resulting in a labor cost of 1,488 Baht.
Switching to the MPL-NWP model, Case 3 (4-hour scenario) required 5 workers, leading to a
higher labor cost of 1,860 Baht, while Case 4 (6-hour scenario) reduced the required workforce
to 3 workers, achieving the lowest labor cost of 1,116 Baht which is the best choice for the 200
units of total demand.

Table 7 presents the optimal worker size and labor cost for a total demand of 300
units, with different time constraints and model applications (MPL-WP and MPL-NWP). In Case
1, the MPL-WP model with only 4 hours of available time (takt time = 48 seconds) could not
generate a feasible solution, as the takt time was less than the maximum processing time. In
Case 2, increasing the available time to 6 hours (takt time = 72 seconds) allowed MPL-WP to
produce a feasible solution with 5 workers and a labor cost of 1,860 Baht. For the MPL-NWP
model, both Case 3 and Case 4 produced feasible solutions. In Case 3, with 4 hours available

(takt time = 72 and 144 seconds), the model required 5 workers, matching MPL-WP in cost at
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1,860 Baht. However, in Case 4, extending the available time to 6 hours (takt time = 108 and
216 seconds) reduced the workforce requirement to just 3 workers, resulting in the lowest labor
cost of 1,116 Baht which is the best choice for the 200 units of total demand.

Table 8 presents the optimal worker size and labor cost for a total demand of 350
units, considering different time constraints and two model types: MPL-WP and MPL-NWP. In
Case 1, the MPL-WP model with 4 hours of available time (takt time = 41.14 seconds) failed to
produce a feasible solution because the takt time was shorter than the maximum processing
time. However, in Case 2, increasing the available time to 6 hours (takt time = 61.71 seconds)
enabled the MPL-WP model to generate a feasible solution, requiring 6 workers and resulting in
a labor cost of 2,232 Baht. Under the MPL-NWP model, both Case 3 and Case 4 produced
feasible solutions. In Case 3, with 4 hours available (takt times = 72 and 96 seconds), the model
required 5 workers at a labor cost of 1,860 Baht. In Case 4, when the available time increased
to 6 hours (takt times = 108 and 144 seconds), the optimal worker size dropped to 4, and labor

cost was minimized to 1,488 Baht which is the best choice for the 200 units of total demand.

Table 5 The optimal worker size and labor cost based on 200 units of total demand

Demand (units) Available Takt time (sec) Optimal
Applied Labor cost
Case Signature | Multi- time MPL- MPL-NWP worker
model Total ) (Baht)
Blue color (Hours) WP k=1 | k=2 size
1 MPL-WP 2 36* None None
2 a 72 5 1,860
3 6 108 3 1,116
100 100 200
4 MPL- 2 72 72 6 2,232
5 NWP 4 144 | 144 i 1,488
6 6 216 216 2 744

*These takt time less than the maximum processing time

Table 6 The optimal worker size and labor cost based on 250 units of total demand

Demand (units) Available Takt time (sec) Optimal
Applied Labor cost
Case Signature | Multi- time MPL- MPL-NWP worker
model Total ] (Baht)
Blue color (Hours) WP k=1 | k=2 size
1 MPL-WP [ 57.6* None None
2 6 86.4 il 1,488
150 100 250
3 MPL- [ 96 144 5 1,860
q NWP 6 144 | 216 3 1,116

*These takt time less than the maximum processing time
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Table 7 The optimal worker size and labor cost based on 300 units of total demand

Demand (units) Available Takt time (sec) Optimal
Applied K Labor cost
Case Signature | Multi- time MPL- MPL-NWP worker
model Total . (Baht)
Blue color (Hours) WP k=1 | k=2 size
1 MPL-WP 4 48* None None
2 6 72 5 1,860
200 100 300
3 MPL- q 72 144 5 1,860
q NWP 6 108 | 216 3 1,116

*These takt time less than the maximum processing time

Table 8 The optimal worker size and labor cost based on 350 units of total demand

Demand (units) Available Takt time (sec) Optimal
Applied i Labor cost
Case Signature | Multi- time MPL- MPL-NWP worker
model Total . (Baht)
Blue color (Hours) WP k=1 | k=2 size
1 MPL-WP 4 41.14* None None
2 6 61.71 6 2,232
200 150 350
3 MPL- 4 72 96 5 1,860
q NWP 6 108 144 4 1,488

*These takt time less than the maximum processing time

In comparison to existing research, our study provides new insights into the application
of assignment models tailored for small and medium-sized enterprises (SMEs) with multiple
production lines—an area that remains underrepresented in current literature. Traditional
assiscnment models, such as those discussed by Silva et al. (2021) and Zain & Akbar (2022),
typically focus on optimizing cost or task efficiency under fixed and idealized conditions.
However, our research extends these foundational principles by addressing the real-world
challenges SMEs face, including workforce limitations, fluctuating demand, and production
flexibility requirements. In particular, the integration of worker pool (MPL-WP) and non-worker
pool (MPL-NWP) strategies in our study builds on the direction set by Liu et al. (2023), who
introduced historical data to improve adaptability in generalized assignment contexts.

Moreover, our study contributes to the evolving literature on the Generalized
Assignment Problem (GAP), particularly regarding its application in complex and capacity-
constrained environments like SMEs. Smith & Lee (2022) demonstrated the potential of
Lagrangian relaxation for solving reliability-oriented GAP, and our research complements this by

offering a production-line-specific application using MILP. Similar to the foundational work by
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lbrahim et al. (2024) on GAP, we show that workforce allocation across tasks—within the bounds
of available time and labor capacity—can lead to significant cost savings. Importantly, while
much of the existing research, such as that by Baldé et al. (2021), emphasizes large-scale
networks or industrial applications, our focus on SMEs addresses a clear research gap where
resource optimization is more constrained yet critically important.

Additionally, this study draws a parallel between our model structure and the Quadratic
Assignment Problem (QAP), a well-established model in facility layout and manufacturing
optimization, as reviewed by Misevicius et al. (2024) and Baldé et al. (2021) While QAP is
traditionally applied to spatial planning and layout configurations, the mathematical similarities
allow us to adapt its principles to worker assignment across parallel production lines. Our
approach also resonates with the flexibility frameworks proposed by Weckenborg et al. (2024),
where decision models for flexible manufacturing systems (FMS) stress the importance of
dynamic scheduling, line balancing, and multi-line coordination. By evaluating MPL-WP and MPL-
NWP, we emphasize the operational trade-offs between resource sharing and independence—
mirroring key considerations in flexible system design.

Lastly, our work addresses a persistent gap in the literature concerning the unique
needs of SMEs in production scheduling and workforce planning. As Kumar et al. (2023) and
Schoenfelder et al. (2025) have observed, existing research tends to emphasize large
organizations or public-sector scheduling, often overlooking SMEs. By formulating a model
specifically for tie-dye production lines in SMEs, we reflect the call for more sustainable and
context-specific optimization strategies as emphasized by Jamwal et al. (2021) and Rajeev et al.
(2017). The integration of real-world labor rates, production constraints, and the dual-model
comparison provides a practical framework that supports decision-making in resource-limited
SME settings.

Despite offering valuable insights, this research has several limitations that should be
acknowledged. First, the optimization models (MPL-WP and MPL-NWP) were developed and
tested under controlled conditions with predefined production times, demand levels, and
limited variability in worker skills. This may not fully capture the dynamic and uncertain nature

of real-world SME production environments, where disruptions, machine breakdowns, or last-
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minute order changes can significantly affect operations. Second, the study assumes consistent
worker productivity and does not account for learning curves, fatigue, or differences in individual
performance, which can influence the accuracy of workforce planning. Additionally, the models
were applied to a specific case involving tie-dye production lines in a single province, which
may limit the generalizability of the findings to other industries or regions with different labor
policies, product types, or manufacturing processes. Lastly, while the labor cost was calculated
using the new minimum wage for Pathum Thani in 2025 (372 Baht/day), future changes in wage
policies, labor laws, or economic conditions may impact cost-effectiveness and model

applicability over time.

Conclusions

This study demonstrates the application of assignment models to optimize workforce
utilization in SMEs with multiple tie-dye production lines. By comparing the worker pool (MPL-
WP) and non-worker pool (MPL-NWP) strategies, the results clearly show that these models can
minimize labor costs and reduce the number of required workers without compromising
production goals. For example, under a demand of 300 units and 6 hours of available time, the
MPL-NWP model required only 3 workers with a total labor cost of 1,116 Baht—the lowest
among all scenarios. This emphasizes how properly structured assisnments and sufficient
available time can yield highly cost-efficient outcomes. The analysis further reveals that MPL-
NWP consistently outperforms MPL-WP in scenarios where worker sharing is limited or infeasible,
which is common in many SMEs. These findings offer concrete evidence that assisnment models
tailored to SME constraints can significantly improve labor planning. The results benefit SME
managers by providing a practical decision-support tool that enhances workforce flexibility,
reduces unnecessary labor costs, and aligns production capacity with fluctuating demand. This
research also contributes to the growing emphasis on sustainable and resource-optimized
operations in small and medium enterprises, bridging a gap in current literature that often

overlooks this sector's operational complexity.
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Recommendation

While this study provides valuable insights into optimizing workforce utilization in SMEs
with multiple tie-dye production lines, incorporating broader perspectives into the research itself
could further enrich its contributions. One limitation is the reliance on a specific case study and
a fixed production structure, which may limit the generalizability of the findings across different
industries or operational environments. For instance, the assumption in the MPL-NWP model
that workers cannot be shared across production lines may not reflect more flexible or hybrid
systems used in other contexts. Additionally, this study focused on predefined job tasks and
constant worker availability, which may not capture real-world dynamics such as fluctuating
demand, varying task durations, or unforeseen workforce constraints.

To address these limitations and bring new dimensions to this research, future
extensions could be embedded within the current framework. For example, integrating real-
time data analytics into the assignment model—such as dynamic demand updates or worker
attendance—could enhance responsiveness and decision-making accuracy. Moreover, applying
the proposed models to different types of SMEs, such as those in food processing or textiles,
would provide a richer comparative analysis and demonstrate wider applicability. The research
could also be expanded to include sustainability considerations. Incorporating green
manufacturing practices, energy efficiency, or environmental impacts into workforce planning
could align labor optimization with broader social and ecological goals. Additionally, the use of
Al and machine learning for predictive scheduling and adaptive worker assignments would
introduce an innovative layer, positioning this research at the forefront of smart manufacturing
practices tailored for SMEs. These enhancements would not only strengthen the model's
robustness but also open up new, interdisciplinary perspectives that make the research more

relevant and impactful.
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A DESIGN OF A SOLAR PHOTOVOLTAIC POWER GENERATION SYSTEM AND REAL-TIME
PERFORMANCE MONITORING SYSTEM USING loT TECHNOLOGY

Narumon Wannoi' Wassana Wongsa2 Nisit Ong-Art3 Chaisit Wannoi®”

Abstract

This article presented the design of a solar photovoltaic power generation system and
real-time performance monitoring system using loT technology. The primary objective was to
design and develop a solar-power generation system equipped with a real-time monitoring
system of energy consumption as well as to evaluate the efficiency of the performance
monitoring system. The monitoring system was designed to measure voltage, electrical current
and power, including various constraints, for examples; maximum current, installed power
capacity, and load percentage. All data would be displayed on a smartphone using the Blynk
application, allowing users to monitor the status of system as real time. The system design was
also emphasized on a stable operation and accurate measurement of electrical current.
The research results were indicated that the average error of electrical current measurement
was 0.99%, while the average error of voltage measurement was 0.15%, demonstrating high
accuracy. The system was tested in real-situation applications by supplying power to an insect-
repellent lighting system used in agriculture. The test results showed that the solar photovoltaic
power generation system could provide sufficient energy covering the operational period of the
load. Furthermore, the performance monitoring system of electrical-power generation enabled
users to verify power-generation capabilities and evaluate capacity of system efficiently. It also

helped users to precisely plan an energy consumption based on load demand.

Keywords: Solar Photovoltaic, loT Technology, Real-Time Performance Monitoring System
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SHEET RUBBER QUALITY CLASSIFICATION USING IMAGE PROCESSING
AND THE K-MEANS ALGORITHM

Nakintorn Pattanachai' San Namtaku® Sasin Tiendee®

Abstract

The research on sheet rubber quality classification using image processing and K-Means
algorithm was aimed to 1) study about the algorithm of classifying quality of sheet rubber using
image-processing method 2) classify the quality of sheet rubber by using image-processing
method and 3) determine the quality classification efficiency of sheet rubber by image
processing method. The research methods were as follows: The first step was data collection,
the second step was the analysis of need and processes of system, the third step was to design
algorithm for quality classification of sheet rubber using image processing, the fourth step was
the system development, the fifth step was about testing the system to correct any defects,
the sixth step related to evaluate the working performance and the seventh step related to the
summary of research results. Statistics for data analysis were average and percentage.

The research results were revealed that 1) the algorithm for classifying the quality of
sheet rubber were as follows: 1.1) To design a method of photographing sheet rubber comprised
3 formats including control light format, room light, and outdoors. 1.2) Pre-processing images —
images were cropped for creating dataset employing 150 cropped images of both raw and
smoked rubber sheet in form of light patterns with size 100 x 100 pixels. But 100 images were
used in the clustering process and only 50 images were used to create test data per type
1.3) To analyze the color brightness level employing clustering with K-Means algorithm.
2) The quality of sheet rubber classified by image processing has been divided into 2 groups:
The first group was normal sheet rubber and the moldy sheet rubber. Overall, the evaluation
of accuracy was 96.57 percent, of precision was 99.95 percent, of recall was 93.19 percent as
well as of F1-Score was 96.45 percent, respectively.

Keywords: K-Means clustering, Rubber sheet classification, Image processing
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fufiunsoonuuuszuuly 4 daw fe @il 1 mseenuuuBmsduunaunmesusulagld
nMsUsganananwLazMsIanguuLULATy dwil 2 mssenuuuiBnsuUasdeyaninAdnavessnausiy
Aunazerauwsiusuaiulvoglusuuuuteyaavia (Digital Format) daufl 3 mseenuuuismstufinam
-

gILNUAUKAT U UTIATY J91UIU 3 @nnuas A 1) wasnialuay Tnglduadluiessiudunisly

naenlnnglaridmivagilonionn vuingaumniid 5500K a11ud 50 185ad Iwrudndiindu 150

Y

' v
v & v S v o T

wel winsukuy E27 Afidnvasvaeadandeuazidunadunn 2) uadluies iWusatlnanwaeniieou
fifadsogluvioaiily wae 3) wasnanauds lnetuiinnnluraaduastasiie ddlunstufinamens
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aoanldlun1sideuaziiaszvideya
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(Recall) uaz ArLugNTauna (F1-Score) Fudurnadsuuusisluiinszninsainiuniueg

(Precision) kagAn1sisenay (Recall) I5n1sAwInkanesagunnsy (1) fia (4)

TP+TN
Accuracy = —— (1)
TP+TN+FP+FN
TP
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TP+FP
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Recall = (3)
TP+FN

Precision x Recall
F1-Score = 2x (4)
Precision + Recall
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TN (True Negative) @ Haauase (asasadudenaurudos wagvhuaduies)
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M13197 2 M3aeyadeya (Dataset) dwmduasnamduunuagnagauddniun
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AIMNMINguANdveIswiuUnALaznquAdveseauiuiiieslagldisnisdanguuuuaiu Tu
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wsaiduAdventesuuenawiy warasngateyadniunaaaudidiuun §1u9U 200 2N AR

fanndl 5 89 8 Wi megeuANUgNABBITRLNLarUssluUsEAnsamvewiiduunsell

AN 3 ANYIEUAULALSUATUUNR Tuu1nn1m 100 x 100 Ainwa dusuldasiemaun



171 | U9 20 a0u? 2 (NgunAx - 1AL W.A. 2568) uAuns Waudy uavaue

., DA e

a ‘ v A dy a ) - ) a v o U ) Y v U :-
A9 4 MnguRuRULarsuATuiiRes duuinnin 100 x 100 Anwa dmsuldasisidiwun

AN 5 ANEIRUAUUNR Tuw1nn1w 100 x 100 finwa THamsun1snaaaufadwun

AN 6 MNYILAUTUATUUNR TuuanIn 100 x 100 Antga a1 nsunsNa@ausiianwun



MsanTideuaziann Jlaseainsal lunssusuayuiugd avingmansuasinalulad | 172

ot I 5l 5 £ 5 E)

P ' o o & a a ] Yo 9 ) A ° .
AN 8 AMMNWYINLHNUTHAIULLYDIT LVUINNINW 100 x 100 WNLYa 1‘Uﬁ’]1ﬂﬁUﬂW5V]ﬂﬁ@UW§"ﬂ’]LLUﬂ

2. NaNFIUUNAMAMENUHULALITNTUTEINARAN LA N TTANGULUUIATIY
mM3suunaanmesiy Tanusnanneenidueuiuunfvasensunudiges lne3snns
Uszanaranmuazn1sinnguuuuiaiiy Jaazdigadeyanind miuasnsiidauun 311w 400 AW us

aznnilvunm 100 x 100 ANwa SIauUA 4,000,000 Antwa waasinwalsenaumiga@ag (R) AN

v
= °

W7 (G) wagAdU1Ru (B) uansdsnInil 3 uae 4 naanwsflannnisdnnguuuuiniiy agvililaengd

a o ' Y

A &A@ o A ' a P A A & a & a 2 v o 1
RAINUUAILNUYBIATAS LN UUNALAEAFLRA INLUUAILNUY1UNULLYD T I‘LN’]H'J ﬂu‘lﬂﬂq'ﬂuﬂiﬂ

' '
= o

nsdanguuuuaiiu Tden K wihiy 5 Jehlildrmdndeiduiunueausuund Srumu 2 A8 nuide

v v
a o a ' =] Y o

Junusigdiinazdutu wazAawdsMdusmnueawauiiiies 39uiu 3 Ad ddTetunusied

was dyuyy uazdvdes wavagthyatoyanmdmsunaaeuimdiiun 17U 200 2N uiazn MY

Y



173 | U9 20 a0U# 2 (NgunAY - AU W.A. 2568) uAUNT Waudy wazany

100 x 100 inwwa S2usTamun 2,000,000 Fnwwa HAFNSUDINITTIMUNAUA NN UIAETT NS
Uszanananmuaznsdanguuuuiaiiunanidanissil 3 wasussidudszansamannumindainy
Fuau (Confusion Matrix) wainesan1s19l 4 Tneranismaaeusisuunlaeldnmensuruiunazsuniu
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A19197 3 HANTTIUNAMNANYNLKLIALTENTUTEINARAN LAY NTIANGURUULATIY

ﬂiiﬁn'ﬁ‘lﬂﬂﬁaU NANIINAEDU
TP (True Positive) 931,899
FN (False Negative) 68,101
FP (False Positive) a7
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N9 3 Mauunaun ety Tdusguninesnidusnukunfarssuiuiiae
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A15199 4 Han15UsEEUUSEANS A NAIBNSgANEUEY (Confusion Matrix)

nsUszIEiY fowaz
ANALgNAeY (Accuracy) 96.57
ANANLIIUEN (Precision) 99.95
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1NAN519 4 wan1sUsEuYsEANSamven1skunAuamensrulag iU TERIaNa

ANLAEN1TIANG ULUULASTY TA1A11gNA DY (Accuracy) 1Y Toar 96.57 A1AINLL UL
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AULUIINTININIIHAUITZUU (System Development Life Cycle: SDLC) ¥3Usznaunag N1553U594

¥ a 4
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Fonguuuuiail warlunsussidunaldldnmsussifiunadewyEndduau (Confusion Matrix) finidefie
wazdeuldiu ludiuvesnineiondeyaninvesuided duuimeiiaenadestumuide 13es
Development of calibration models for rapid determination of moisture content in rubber sheets

using portable near-infrared spectrometer 9849 Puttipipatkajorn et al. (2020) laWau1Isn10s1270
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fovay 96.45 MNMIUTTEURAMIBINSNGAUFUAY (Confusion Matrix) N158ANKUUTEUUANEIUNTS
AU INININTHAIUTYUU (SDLC) f?]gaLwisﬁy’umaumslﬁmqmawﬁayja AATIER DBNKUY WAL NAFDY
warUseiiiuuszansnin lngseuuaiunsayussaiananInuuin 100 x 100 finkga 31131 400 AN

o o £%

dmsunisasnedadnuun uaz 200 1w dmsunismaaeudidiiun lagldisnsdnnguAdvesiinea
e K-means clustering (K=5) @slinan1sdnuunlansmuinguszasdveinisine nan1sduun wuii
Ardvesiinaluunafdanuduuinniiung enadnaibiiAnnisaiaedeulunissuunduiges

o
o @

PN T us1wHUUNG Feaanndaaiunuidoiineidas Wiy U9 Fibriani et al. (2017) wag Arifin

d

et al. (2020) M58YIINIINTTIGVRILAIALAIA LUNNTHAADUTEANTAINVBINITTIUNADAIN

YU UAY

JorduBLuY
31NHAN1TITENTTIMUNAUNINE1URULnldN1TUsERIaRaN N kAT TIANF UKL ULATIY

] -

wmwswwﬁmmﬁummmﬁwLLuﬂﬂmm‘wsmmiuaamﬂuaawizLm/] IFun enuninUnRuaze1aunud
1051 Idedaiiuszavanm lnedA1ANgNABY (Accuracy) wagA1AUKIUET (Precision) Tusysiuge
ag1al5fimu 21nnTEUINNITENTNN1SITE nuIiusTAuT ausavaILILAZ s 08 aALT oLy
U3z VBN 1NLarAINATOUARNTBITEUUIMUNAMATNEWNULA LW LAR

ForauauurUsensusn fie mstinisfnwiimaianissuunussnndu q Aldsunseeusu
Twran193detygruseivguazn1sussuiananin 819 350159 UNLUY Support Vector Machine
(SVM), Decision Tree %38 Convolutional Neural Networks (CNN) snusgendiUSeuiisuiuiznisdn
NAULUY K-means W aUsifiudszdns i adisuifiovlundvesanuudugr ammslunig
Uszanana wavauansalunssuunnwluannsuawasiundiinansietu siall iiefumisnig
vidsouuwnainzaufigadmiunmsusegndliassugramnssersns

Usgnisiaun msaniiunsfnyinavesdnuiungs (K) lunsdanguuuu K-means 1uanging

fusisALuiug1veINITTUNAMA eI TngvitnisnaaesUSuAduIungulugisig o9 e



MsanTideuaziann Jlaseainsal lunssusuayuiugd auIngrmansuazmalulad | 178

[ '

K fnzanfigniudnwaziamzvesnmaisesusiuluanmuindennisndnads fezdiomiuning
wiuduazanmuAAIALAABLIINASIILNARNaTeTio AR NA AV sr e suaslun e el
uennilunsifemsmuauanmuasuazsumisnmssuiinamlunssuiunafusn
Foyannliilaed e dosiunansznuanmnuunniseuauazinionsdinasonsiaszicduas
msdangudeyanin Gailadenausiug1vesszuUT AN N ALY
sAdelusuAnAITIeIBYRULIRYRIN AN U Sae1auuUTTIANE Y o wSeunaHui T
SnwzlaNEaINYaNeJULUY 19U B1ausunIasng 9 AldTulugaamnssuenamng wazenausiui
NIUNTEUIUNTHARIINUIAINAAG 9 ieUstiliuyszAvEnmuesszutluaniienmsldnusdeifanny

vgauung Wy saudanisiautmalulagnisdiuunaunineraurukuusealngd (Real-time

Classification) Nia11150U lURAAILTINUSIUAULATDITNSUS DENUNISHAR LA LAEATS

AnAnssudsena

v
= a v

n53veasilasunuatvayuliadulasiniside annemuduaiuingieans Ideuas

winnTsu (1u.) Useddeudseana wa. 2566 siateiauslasins 4295739 wauiidyeyn FRBO08/2566

LONEIIB1989

an1dunanadin. (2564). qmmmﬁuﬁuﬁﬁ: BNMHUAY. AUAUAIN https:/shorturl.asia/eps8x

dinauianinsidensinuns (eadnisumu). (nd). grudeayanuidegrawisi. &rneu
WAILINITITENISIAEAT (BIANITUMNTL). FUAUIIN http://agknowledge.arda.or.th/rubber

dinnuiauimalulagonmatazglansaume (2sAn1sum). (2552). Arsunalulagainiauas
aflansauine: n1s3uunUsziandayaniw (Image Classification). &UAUIIN
https://learn.gistda.or.th/wp-content/uploads/book/SpacetechologyandGEQinformatics.pdf

Arifin, Z., Mukti, E. Y. M., Tamamy, A. J., & Heryanto, M. A. (2020). Classification of RSS (Ribbed
Smoke Sheet) based on presence or absence of fungus using the NN (Neural
Network) Perceptron method. In 2020 International Seminar on Application for

Technology of Information and Communication (iSemantic) (pp. 359-363). Lincoln:

Universitas Dian Nuswantoro.



179 | U9 20 a0u? 2 (NgunAx - AL W.A. 2568) uAUNT Waudy wazany

Fibriani, ., Sumardi, N., Satriya, A. B., & Utomo, S. B. (2017). Colour based image processing
method for recognizing ribbed smoked sheet grade. IOP Conference Series:
Materials Science and Engineering, 185, 012025.
https://doi.org/10.1088/1757-899X/185/1/012025

Puttipipatkajorn, A., & Puttipipatkajorn, A. (2020). Development of calibration models for rapid
determination of moisture content in rubber sheets using portable near-infrared.
Journal of Innovative Optical Health Sciences, 13(2), 2050009.
https://doi.org/10.1142/51793545820500091

Limhengha, S., & Sudsawat, S. (n.d.). Real-time color classification of para rubber using advanced
image processing and yellowness index analysis for quality control [Preprint]. SSRN.

https://doi.org/10.2139/ssrn.5167002



VRU Research and Development Journal Science and Technology | 180

DESIGN AND IMPLEMENTATION OF AN IOT-BASED AUTOMATIC WATER PUMP CONTROL
SYSTEM FOR RESIDENTIAL APPLICATIONS

Ongart Tubburee' Kanyarat Ek-iam®

Received : June, 30, 2025
Revised : August 25, 2025
Accepted : August 27, 2025

Abstract

Inadequate water pressure and inefficient energy utilization remain critical challenges
in residential plumbing, especially in densely populated housing complexes during peak
demand intervals. Conventional water pumps react directly to pressure fluctuations, leading to
frequent cycling, energy inefficiency, and diminished equipment lifetimes. This paper presents
an loT-based control system for household water pumps, incorporating an ESP3 2
microcontroller, a pressure transducer transmitter (PTT) sensor, and an ultrasonic water level
sensor to tackle these difficulties. The system functions in automated and manual modes using
the Blynk mobile application, controlling electric ball valve and water pump operations
according to real-time data and user-specified thresholds. A case study involving a single
residence validated the system's efficacy in sustaining consistent water pressure, surpassing 12.0
psi, with an average of 19.4 psi and a maximum of 23.4 psi. The PTT sensor exhibited a relative
error of less than 1.7%, remaining within the +2% accuracy threshold. Furthermore, the system
diminished electrical consumption by 31.4% relative to traditional functioning. The results
underscore the system's potential to enhance energy economy, operational dependability, and
remote control capabilities as well as facilitate its incorporation into intelligent and sustainable

home water management.

Keywords: Energy efficiency, loT, Pressure sensor, Residential applications, Water pump
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Introduction

Water is an essential resource, crucial for the lives of humans and other living species.
The availability of clean and adequate water for residential use and consumption is regarded as
a fundamental human right that should be widely and fairly available. Access to clean water
significantly influences public health and overall well-being. In Thailand, various gsovernmental
entities, such as the Metropolitan Waterworks Authority, the Provincial Waterworks Authority,
and local administrative groups, are responsible for ovesrseeing water delivery systems in urban
and rural regions. The Department of Health and the Department of Water Resources are tasked
with the creation and transfer of village-level water delivery systems to local authorities to
ensure sustainable management (Babel et al., 2021). Nonetheless, the escalating impacts of
global warming have resulted in more frequent and severe droughts, especially during the
summer months when water demand markedly rises. Simultaneously, Thailand is undergoing
population growth, swift economic development, and significant infrastructure enhancement,
all of which escalate the demand for water resources (Ancheta et al., 2025; Tangworachai et al.,
2023). The establishment of clean water supply infrastructure to adequately service all sections
of the nation has emerged as a paramount national objective. Many residential areas, particularly
those within housing estate developments, experience poor water pressure at the home level.
This condition frequently leads to the incapacity to utilize water efficiently at various locations
inside the residence concurrently. As a result, numerous homeowners opt to install
supplementary water pump systems to enhance water pressure. Conventional pump systems,
however, often respond instantly to water demand, even for short periods, resulting in frequent
motor responses. Such behavior leads to increased electricity consumption and diminishes the
operating lifespan of the pump motor and related devices (Abdelsalam & Gabbar, 2021).

A review of pertinent literature demonstrates that using automatic control systems with
microcontrollers, like Arduino boards, along with pressure sensors, has worked well for checking
water pressure and managing water pump operations based on real usage. These systems have
shown the capability to diminish system effort and enhance energy efficiency (Isminarti, 2023;
Akhund et al., 2022). Furthermore, the advancement of information technology has facilitated

the remote control of electrical devices via the Internet, often known as the Internet of Things
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(IoT). This technology enables real-time monitoring and remote operation of equipment, such
as water pumps, via smartphones or other mobile devices, thereby enhancing convenience and
increasing the ability to manage the system from a distance (Bouali et al., 2021; Hahm et al,,
2020). Recent studies have highlighted the role of loT in water resource optimization, system
automation, and energy savings, especially in the context of smart homes and sustainable
infrastructure (Tran et al., 2023; Ismail et al.,, 2022). In addition, loT frameworks integrated with
fog computing have been proposed to meet the low-latency requirements of control systems
in smart utilities (Kumari et al., 2019). This research aims to design and implement a water pump
control system for residential applications by integrating loT technology with real-time pressure
sensor data processing. The suggested system is designed to autonomously control water pump
operation based on real-time water pressure, thereby optimizing water usage, minimizing
unnecessary energy consumption, and enhancing operational efficiency and system maintenance.

This study employed a residential property in a housing development as a case analysis.

Objectives
The objectives of this study are to investigate present water pressure situations and
water consumption behaviors in a residential area and to develop, install, and evaluate the

performance of an loT-based control system for water pump operation.

Materials and methods
1. Examination of Water Pressure and Consumption Habits

This study chose a residential unit inside a designated housing development project
for recording empirical data regarding low water pressure issues in the domestic water supply
system and to examine the water consumption habits of residents. Data collection transpired
from March 3-9, 2025. A custom system for monitoring water pressure was fitted into household
plumbing. A pressure transducer transmitter (PTT) sensor measured 0-100 pounds per square
inch (psi) with a specified accuracy of within 2.0% of the reading (full scale) and converted pipe

water pressure into an analog electrical output. An ESP32 microcontroller board processed the
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analog signal in real time. The Blynk app displayed processed data for real-time water pressure

monitoring during actual consumption.
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Figure 1 Pipe water pressure recordings from March 3-9, 2025.

The data monitoring system was set to record water pressure values constantly at
hourly intervals for a duration of seven days. This design allowed the researchers to analyze
variations in water pressure at different times of the day and during the week. The reported
results are illustrated in Figure 1. The results demonstrate that water pressure varied according
to the time of day and the day of the week. During weekends (Saturday and Sunday), the water
pressure demonstrated a significant decline. The minimum pressure measured was 8.2 psi on
Sunday, March 9, 2025. On weekdays, from Monday to Friday, the water pressure generally
increased, reaching a minimum of 8.8 psi on Monday, March 3, 2025. This tendency corresponds
with the customary water consumption routines of residents in the housing estate, who often
utilize water simultaneously during morning hours (Prior to departing for work) and evening
hours (Subsequent to returning home). The concurrent utilization habits lead to a significant
decrease in water pressure during peak times, causing an insufficient water supply for residential
needs. The interviews with participating residents indicated that a minimum water pressure of

roughly 12.0 psi is deemed sufficient for daily routine home activities. Consequently, the
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proposed system established 12.0 psi as the reference value for the design and control of the
autonomous water pump system.
2. Design and Implementation of a Water Pump Control System.

The design and development of the control system for the water pump in residential
applications in this research were performed in accordance with the system architecture
depicted in Figure 2. The system's major purpose is to improve the efficiency of domestic water
management through the application of loT technology, solving the problem of low water
pressure experienced at specific periods in residential housing estates utilized as the case studly.
Figure 3 illustrates that the control system utilizes an ESP32 microcontroller as its central
processing unit. The ESP32 features an embedded ESP-WROOM-32 chip, a 32-bit microcontroller
that facilitates wireless communication using Wi-Fi, rendering it ideal for loT applications. The
system utilizes two PTT sensors (0-100 psi) to continuously monitor water pressure at two points
inside the household plumbing system. One sensor is strategically placed to gauge water
pressure from the supply pipe, while the other is installed post-pump to measure pressure prior
to distribution to residential ends. The pressure measurement value from both sensors is
transmitted to the ESP32 microcontroller for comparison with a reference value established
based on actual water pressure and usage behaviors detailed in Section 1. The system operates

under two separate control cases based on this comparison:
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Figure 2 Diagram of the proposed water pump control system for residential applications.
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Case 1: The water pressure from the supply meets or exceeds the reference value.
In this situation, the control system turns on Relay 3 on the JOC3F-03VDC-C relay module to
connect the circuit and provide 24 VDC to Electric Ball Valve 3 (Valve 3). This approach enables
water to flow directly from the municipal system to the residential ends without operating the
pump. This method minimizes unnecessary pump running and facilitates energy conservation.

Case 2: The water pressure from the municipal supply falls below the limit. The
system activates both Relay 2 and Relay 3 to turn on Electric Ball Valves 2 (Valve 2) and 3 while
concurrently transmitting a control signal to Relay 4 to turn on the contact and deliver 220 V
AC single-phase power to a 150 W Mitsubishi water pump. The pump draws water from a storage
tank and supplies it for home use. A check valve was installed to prevent the reverse flow of
water into the supply line.

The system is fitted with a JSN-SRO4T ultrasonic water level sensor to guarantee
uninterrupted water availability from the storage tank. Should the water level in the tank
descend beyond a designated threshold, the ESP32 transmits a control signal triggering Relay 1,
which supplies power to Electric Ball Valve 1 (Valve 1) to facilitate the intake of water from the
municipal supply into the storage tank. Upon reaching the designated upper water level, the

valve is automatically stopped.
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(b)

Figure 4 Overview of the proposed system (a) Control devices and circuitry, (b) Practical
installation in a residential
3. Control Program Development

The control programming for the loT-based water pump system for households,
designed and developed in actual settings as illustrated in Figure 4, was established according
to the steps outlined in the flowchart in Figure 5. The control process begins with an inspection
of the Auto Mode variable, which defines the system's operational mode. When the Auto Mode
value is entered as 1, the system operates in Automatic Mode and performs device control
according to a predetermined set of logical circumstances. In this mode, the system first
measures the water level in the storage tank with an ultrasonic sensor and compares it to the
reference level. If the water level is lower than 95% of the tank's capacity, the system sends a
logic HIGH to turn on Relay 1, thereby opening Valve 1 to begin water filling. When the water level
surpasses 95%, the system automatically sends a command to close the valve. The system
concurrently measures the water pressure using a PTT sensor located in the primary water supply
line and compares the obtained result with a reference pressure of 12.0 psi. However, users can
set a reference value through the Blynk app, which is adjustable between 8.0 and 16.0 psi
according to their preferences. When the detected pressure falls below the reference value, the
system delivers a logic HIGH to Relays 2 and 3, thereby opening Valves 2 and 3, while concurrently
sending a logic HIGH to Relay 4 to start the water pump. When the outlet pipe pressure surpasses
twice the established reference value, the control system sends a logic LOW signal to deactivate

Relays 2 and 4, thus closing Valve 2 and shutting off the water pump.
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Figure 5 Flowchart of the control program design for the proposed system

Furthermore, if the water pressure falls below the reference value while the pump is
running, the system continuously monitors the water level in the storage tank. When the level
falls below 5%, the system immediately stops the pump and closes Valve 2. However, the

pump resumes only when the water level is above 5% and the supply pressure stays below
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the set limit. While the Auto Mode value is 0, the system operates in Manual Mode. In this
mode, the Blynk app enables users to turn on or off each electric valve using direct commands.
The system provides complete user autonomy for real-time control without automated

interference.

Smart Pump ®

Smart Pump ®

Overview Overview
Setpoint Pressure

15

MANUAL )

(b)
Figure 6 Screenshots of the Blynk app interface for loT control. (@) Automated control mode,

(b) Manual control mode

4. Designing and Applying an loT-Based Control System

The loT-based control solution for the residence's water pump enables real-time
monitoring and control remotely through smartphones or mobile devices utilizing the Blynk
app. This technology allows users to remotely manage electric valves and the water pump,
providing real-time feedback on the application interface. The system was designed to facilitate
two operational modes: Automatic Control Mode and Manual Control Mode. Figure 6(a) depicts
the system performing in automatic mode. In the testing, the reference pressure was set at 14.0
psi, although the actual pressure from the municipal water supply was measured at 12.8 psi.
The water level in the storage tank was concurrently measured at 95%. Under these conditions,
the system autonomously started the pump, as evidenced by the statuses of Valve 2 and Valve

3, both of which were bright green. The proposed control system produced a maximum water
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pressure output of 24.6 psi, which did not exceed twice the reference pressure (28.0 psi). Figure
6(b) illustrates the system performing in Manual Control Mode, allowing the user to directly
control the opening and closing of each valve via the Blynk interface. All commands and real-
time system status are presented on the smartphone screen, facilitating intuitive and transparent
user interaction. The proposed loT-based control system augments user convenience and
enhances the overall efficacy of the system. Crucially, the capacity to remotely monitor and

control the system enhances safety, particularly during emergencies.

Results and discussion

To evaluate the feasibility and performance of the proposed loT-based control system for
residential water pumps, the system was installed and implemented in a household designated as
the case study. We recorded system performance evaluations under real operating situations

after installation. We illustrate the testing approach and results as follows:
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Figure 7 Relative error of PTT sensor measurements at various gauge pressures

1. Evaluation of the Precision of the PTT Sensor
The PTT sensor utilized in this study has a measuring range of 0-100 psi and is capable
of monitoring pressure in oil, air, and water systems. The manufacturer specifies an accuracy of
2% of the reading (full scale). The performance was evaluated by carefully comparing the values

from the PTT sensor with those from a calibrated water pressure gauge that measures 0-100
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psi, connected in parallel, as seen in Fig. 4(b). The municipal supply line's water pressure was
changed using a manually operated valve at the pipe inlet, allowing for a variation between 8.0
psi, the minimum recorded before the proposed system, and 24.0 psi, the maximum observed
during the proposed control system's operation. Five independent measurement trials were
executed, each separated by a three-minute interval, with the results depicted in Figure 7.

Figure 7 demonstrates that throughout all trials, the relative error continuously
remained below 1.7%, which is comfortably within the manufacturer's specified accuracy range
of 2%. Furthermore, the trend seen indicates a progressive decline in relative error as the
applied pressure escalates, with the minimal errors nearing 0.69% at pressures exceeding 18.0
psi. The experimental results confirm that a selected PTT sensor delivers adequately precise
measurements for the specified application. The error levels adhere to the designated tolerance
and guarantee the trustworthiness of the measured pressure values for incorporation into the
proposed control system.

2. Evaluation of Water Pump Performance Relative to Water Pressure

This section executed the performance evaluation of the proposed control system to
regulate water pressure in the distribution pipeline via practical applications. The system
communicated with the loT to record water pressure in the pipeline before distribution to
different areas of the house. Measurements were carried out hourly throughout a continuous
week from May 12-18, 2025. The data recorded are illustrated in Figure 8.

Figure 8 illustrates that the maximum water pressure recorded during the monitoring
period was 23.4 psi, recorded on May 13, 2025, at 11:00 a.m. On the contrary, the minimum
recorded pressure was 12.5 psi, noted on May 16, 2025, at 10:00 p.m. This result indicated that
all recorded measurements consistently exceeded the setting reference value of 12.0 psi. The
average water pressure recorded for the week was 19.4 psi. The results indicate that the
proposed control system successfully maintained water pressure within the designated range
specified in the control program, reflecting steady and dependable performance under real-

world operating situations.
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Figure 8 Graph depicting recorded water pressure from May 12-18, 2025
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Figure 9 Comparison of energy consumption between the traditional and proposed systems.
3. Comparative Evaluation of Electric Energy Consumption
Figure 9 shows the daily electrical energy use measured over a week, from May 5 to
May 11, 2025 (Monday to Sunday), when water was supplied directly by the water pump without

using the proposed control system. The conventional system for controlling a 150 W Mitsubishi
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water pump, which reacts instantaneously to water demand without optimization, recorded a
weekly energy use of 3.9 kWh. The maximum daily usage was recorded on May 11, 2025, at
675.0 Wh, and the minimum was 504.0 Wh. When the proposed control system was adopted
during a second seven-day period, from May 12 to May 18, 2025. The residents preserved their
water consumption behaviors from the preceding week to guarantee consistency in comparison.
The results indicated that the weekly total energy consumption decreased to 2.70 kWh. This
amount denotes an energy savings of 1.2 kWh, corresponding to a 31.4% decline in overall
energy use. The decrease in energy consumption is due to the effective performance of the
water pump under the control scheme, which minimized unnecessary pump runtime and thus

lowered the total power demand.

Conclusions

The research detailed the design, implementation, and evaluation of an loT-based
system to control a water pump specifically for residential use. The system successfully
controlled water distribution in low-pressure conditions by integrating real-time pressure and
water level monitoring with a dual-mode control system (Automatic and manual). The ESP32
microcontroller, along with PTT sensors and ultrasonic sensors, allowed for quick control using
the Blynk mobile app, enabling users to check and manage the system from afar. The
experimental results confirmed the system's reliability and performance in real-world situations.
The selected PTT sensor exhibited a relative error of less than 1.7%, which is well within the
manufacturer’s stated accuracy margin of 2.0%. The proposed system consistently produced
water pressure exceeding the user-defined threshold of 12.0 psi, attaining an average weekly
pressure of 19.4 psi and a maximum of 23.4 psi. The control technique markedly enhanced
energy efficiency, decreasing electrical consumption by 31.49% relative to traditional pump
operation. The proposed system improves user convenience, operational stability, and energy
efficiency, showcasing its promise as a scalable and economical solution for intelligent
household water management. Future research ought to focus on enhancing the system's
scalability for use in multi-story residential buildings or small towns, where pressure distribution

dynamics are more intricate. The incorporation of machine learning or adaptive control
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techniques may improve system response to fluctuating demand patterns. Integrating cloud-
based data logging and analytics systems could enhance long-term performance monitoring,
predictive maintenance, and system optimization. These developments would enhance the
application and resilience of loT-based water management solutions in various household

settings.

Recommendation

The research case study focused on a single-story residential dwelling situated within a
housing estate. Consequently, the application of the results and control system design to
alternative residential buildings or office facilities necessitates additional research. It is crucial
to reassess the current water pressure conditions and residents' water consumption behavior in
the new context to guarantee the system is optimized to sustain sufficient water pressure levels
that correspond with usage demands at various times of the day. This contextual adaptation is
essential for maintaining system performance, reliability, and user pleasure across many

situations.
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A PROTOTYPE OF MALFUNCTION ALERT SYSTEM FOR OXYGEN-GENERATOR EQUIPMENT
BASED ON INTERNET OF THINGS

Jatuporn Jirandorn'” Jaran Tamjai2 Narongrit Sanajit3

Abstract

The purposes of the current study were to design, improve, and develop a prototype
of alert system for aeration control. The research experiment was carried out at the Crab Bank
of Phang Sai Community in Kradangnga Subdistrict, Sathing Phra District, Songkhla Province. The
system was tested during three power outages over one-month period. The System
Development Life Cycle (S.D.LC) framework was employed to facilitate data collection, analysis
and operational design. In addition, the development of aquacultural system was integrated
with loT and NB-loT technologies for real-time monitoring and control. Then, the prototype
system was tested for its functionality. To analyze the data, descriptive statistics, and correlation
analysis in the context of information management, including mean and standard deviation were
employed. The research findings were found that users’ satisfaction towards the effectiveness
of the prototype were as follows: data security was average at 4.40 (X = 4.40, S.D. = 0.533),
usability was average at 4.39 (X = 4.39, S.D. = 0.512), and its effectiveness was average at .39
(X = 4.39, S.D. = 0.560). Notably, the system successfully mitigated the impact of power outages
through timely alerts. In addition, this alert system has been able to be scaled for various types
of aguacultures, for example, shrimp and fish farming, by integrating loT technology for real-

time environmental monitoring.

Keyword: A Prototype of Alert-System, Bank Crab, Power Outage, Monitoring System, NB-loT,
loT

! Lecturer of Department of Digital Business Information Systems, Faculty of Business Administration,
Rajamangala University of Technology Srivijaya, e-mail: jatuporn2523@gmail.com

2 Lecturer of Industrial Engineering Program, Faculty of Industrial Education and Technology,
Rajamangala University of Technology Srivijaya, e-mail: jaran.t@rmutsv.ac.th

3 Lecturer of Electrical Engineering Program, Faculty of Industrial Education and Technology,
Rajamangala University of Technology Srivijaya, e-mail: narongrit.s@rmutsv.ac.th

* Corresponding author, e-mail: jatuporn2523@g¢mail.com



MsanTideuaziann Jlaseainsal lunssusuayuiugd auIngrmansuazmalulad | 197

unin
ninenIamsanasyeils duldugiuuasegivnddyresUsenelng sudsszaugiinie

wazszaulan anunmminensnmeiakarmeiiinisilisunlategaaonaiaziniuseulnsie

o
o

nswasuudasAoutnaunn ednsnavestadenuinnisiduselerivesyudua zainusingnisal
MINTITUYIA SN WANTENUIINNTUABULUaEnINeINIAlan daransenusessuuinaAn1meLa

Tawn Yreneiau U1riemin unasmgmeia wavsn3e dnduasiianzia wayssuudnaiungiadou

v a wa

Insuas swunsmsiiadendasssuvfnazdgyninisiaeizyielsiinansenuseanuaunanis

STUVTNA LAYANNAINRANENNTINTNYBINSNEIN TN NNELALAZ TR

' '
a Y1 a a o

MsAIUNUUIIMTIN IS NEINIIIialaz vl siuNn dulaindelufifianendaiau

Tngiinisnusuiingeulunisguanislidussleninineinsmmetasazyeladdsuauuinuassnend

[ s

nguineuarszilouteUsdurasnues UsenauiusgurauwasesAnsseninalseman 1aa1uni sy

o«

@

UsglevtuazniseusnenineinsmamzalimiudAguasimvualiluulouie sumsgnsaanslunis

o

Uimsdnnis Fslunadagmsmansnislivssloniuazniseusndninennsvesaemsnuinei
Paudaiuilinisysannisnisiansldussleninseilann Jadndudeadinsiaudnriinsevves
nsufvRnuliasouaquatsiveusaz ey ananudideu savauidgmdeataluies
#nenmuesyraIng suUsEIaTindn msssanunuivduistes uasanusullunisnouaues
son1sidouaaivamneInelneuy vEuAYSIIITIA (NTUNTNeNIIMzLaLa IR InTENTs
NNYINTEITUV IR ULALAIINEDY, 2566) %aaaﬂﬂﬁaaﬁunsau%aaamﬂﬁaqﬁmiauqmmam‘maﬁﬁ

A o ] sl 1% 1% a Na A & a
Lﬂ’]WNWEJLWE]WWU']‘UﬁgLWF‘@BWQHQHU%@QQWS?T’]&W?W 5 unﬂqﬁf‘ﬁ’]ﬂﬂ’]ﬁLG\UImUuﬂmﬂqW%']m‘WL‘L]ullmi

o v W £%

sedwindeu ludiwveinisyaiunsiinnuddyiunisaianisiiulavesemeainiangsunia

o

neiafvanuateaiva lUiunsauagiuninensmasiawas el wisun agldgunanazdng

A A

Uiﬂ%ﬁ‘uadﬂismﬂwwmwﬂé’ L‘WammLﬂuﬁﬁmuaxammmmﬁauﬁwmaé’&ﬂu I@SiiﬂLﬁuﬂ’]ﬁﬁ’]EWlE]ﬂ

BIAANGITRMZIANQNADILALEIME TNYAAIYBUATEEAIZINTIN MM ITELS USuUTauasiluy

o« q

NINYINTNIMELALAZIIUHTITEUU Walukaziiudadiunanssunansafdulinsnadwinday

(31vR3UUNEN, 2566)
TutassezafiiuunnsyhussasessamalneiitledonansUsensiidwalfanunisal
msUssnaddsundatil Wy widessaademudonTnsy fnsviussuaiudnenmniskanves
555U%1A (Overfishing) anmafionnia ngvane ngsuileunazuloviesi 9 MAgtosiunsussus
vaslngaglun1izingm IﬂaﬁmimmﬂmsﬂizmmmimawﬁmLLasaﬂamﬂumé’miﬁwmﬂmiﬂizmﬁuaa



198 | U1 20 atufl 2 (WemnnAx - AWNAN W.A. 2568) NI IUAT wazAy

UszinAlng w.a. 2565-2568 vaansuUsEa WUl Handnuazsaa1dniulannsuseusiien 10 U

'
a

i (e 2555 - 2564) uazdoyaussanmunisamin wa. 2565 - 2568 axndudeyaidoady
ansnhluliusglonilunmsivuaulouneiieirlugnmsuimsinnisiunsussadidanudsdy
siolt ngdaaiian 10 Tikuan sandaiivunliduanasludasndesas 221 dwyadilldainnisiinig
Uszaaiade1,580,596 diusied (fewar 61.82) Aniduyar 67,831 dumded (fevay 42.20) uaz
NANAAINNNTINIAERaY 976,205 funel (Seeay 38.18) ﬁmﬂuyjaﬂ'w 92,911 auumsiet (Sovay

57.80) FauansaInAIwi 1 (NFUUTZUN, 2566)

Wawde (du)

3,500,000

yaai (Aunm)

3,000,000

2,500,000

2,000,000

1,500,000

1,000,000

Pf*\,\”ﬂ

coasne

W

200,000

180,000

160,000

140,000

120,000

100,000

80,000

60,000

40,000
500,000
20,000

2555 2556 2557 2558 2559 2360 2561 2562 2563 2564 2565* 2566™ 2567 2568

= uauda  (sa) =8 wauda (viiansdsous) wAndin  (mzsdnu)

—h— yan1 (5m) —t— et (¥iinisuszee) waen (wnsndag)

v
I o 6o

AT 1 LEASHANARLATLAAIANIU19INNNTUSEUS N.A. 2555 — 2568

Faluiundminasvalainisdadesuinsy nguussaiudumsndotud dunedavuns

% Y o

v v = ] o 1 N av
WWRINAIVAN "U\ﬁLUULL‘VTaQLWW%WﬂQﬂuWNTuW@iW@ Vl’lﬁVlmf\]EJf\NL°U’lﬁ’lﬂﬁ]ﬂﬁxU’mﬂ’lﬂumiLW’leﬂQﬂ‘g

°

wazlgymilagnisdunival Adiungy ulla Inensiiliennyusednsuinsy esutensesuiumsiunis

)

@

wnziResgnylulsanedin Tnedineazidendsil

o

WerUszusdulaudy 10-50 i pazaneiugediayin Yde Yan Itheiduldyidaiu

e

Wnseewiissudynilaiy wnflumin 100-200 n$u aeadaluld 700,000-1,000,000 Wes Minuaiydl

N A a 1A < : & & o gy G w1 a o
gua Az mdnleiudeuse lazuendudaden wazlidnsnisinidudigeuas 1aie 600,000
wisevmnudyfiumvin 200 - 300 n$u azudaluldsnn 1,800,000 Wes uardisnsinisiniluiiseugs
Wy 1,000,000 7

dlymmiiaduainnisinzifegnyresuinsyiuazegigunsalndnendiau (A3edn

91N1¢1 2617 YIUTIAUNEWNET 2 f1) vedlsuniidesdidiuau 1 ya munmd 2 lnefinseddn
91NA




MsanTideuaziann Jlaseainsal lunssusuayuiugd auIngrmansuazmalulad | 199

wilviegeu wavvieiidousiney yniaseaskianunsavinuld yilvlifioentiaudaludsly vie gny

Y

weldes Faduneandiauusyann 2 Filuaagyiily vide gnyiuneidedlinwmuanie Fadgmiiin
UNAINAG
(1) aunsaindnoandiaudndes (Oxygen generator equipment failure) LANIINLAYYDIVID

Y

dounideriunsesdneniaanatliluesedneinia Miliasessneiniangaininy uivemesiiveiu

'
v [ v

wisdnonAfutilunsisematlvluaiesdneiniadinsieuey dewaliveinesvinamuy

v
o o

win Joaumgifoutu wavisluiian viliAndldinglunisdenewnes vie e1adesdeuainailng

inldanansageuld FeAldneludiuilreutnege

- a‘

mafideldiannduuuuszuuudafeulifuandn vie {iiuites lunsdildessaene
vgavianuudilvszuvdadenalludanguaindn uieinedosdsnornmgasiau wazlviasndnfieglnd
ﬁ’s‘jﬂﬁ’lmiﬂmﬂ%@ﬂéﬁEJ’Iﬂ’IﬁﬁLﬁ@{jin’léﬁu AlFaunsaanmnudemefiiatuiuneme saneasshln
annldeiAntuld Deofand Tasawsy uazany, 2567: YAYYT dA7 UavAY, 2567)
Nniufigunsainaneendiau 1 yn dedrgunsalneludaladvidaddgmoradanalsilsl
ansondnoendiauldaenadesiunnudesnisesndiauvesgnyld daamnnisUinwigadiung wnda

WNIEIEIUTEINsUIAITY Wemuwwnsdmsunisuiledymibiinsvinddimadueunsal

a

wAmeenBauiy 1 yaonatlinmsnaneondaulitugnylausaiiosiu warandnanismeasld
danalvimsfinidoenadund sawdneandlaunniindn 1 ya wagsinisiasunszuumsinnuves
\n3eandnoendiaulasnsadunisviau 12 Falussoyn waznshaulugduvuidslifingmsieaey
ANUNeu w3e guagunsals ilvmeinddeladnenuiAnnisirsednvidedesiudiunldlunis
thgsinwgunsaiv ilesieanisligunsaiv danunderlunisinunasanan wazdueignislinuves
gUnsallduutu

(2) nsgllifindu vinlvigunsaindneendiaulivinau Sauddmesuinisrasiinsostulneg

ya o

1 ~ oA y o R a ,:4' Y = Y o
[153)e] L‘WENLLWLﬂiaﬂ{juvaf\]gﬁ’]quiﬂmqﬁqu\Lﬂﬂm@LﬂJ@ﬂJﬂu&nLU@LWi@QL‘unu ‘lN‘W'NV]lIN'J"ﬂEJl@VI']ﬂ’]i

Y

aaunulugesuimsy inludsldldis esdulnuuudnlud® lasvmgnalddnas oswuudnludfi

GRIGERTT IRTRRER

v
N o

o aAa a A a & a v ° 9
mﬂﬂ'ﬁmuﬂﬂm%u’sﬁ]ﬂwiﬂuﬂwjﬁﬂﬂLﬂﬂmummﬂ‘c’nﬂiﬁjL‘UEJTU’]ﬁQU'i%mﬁu’]ﬂ’ﬁUﬂ Limlﬂﬁmﬂu

Ya v o v oA

wane 9 assladlasdludaniesduln s Anddaudiludoudy iladidenaunssuuuiadion

Wedlwdu waznsudndeudiedinmslansestulilvivaundnlungus Weoanauianainiionaay



200 | U1 20 atu 2 (nquanay — A WA, 2568) NS IFUAT UazAY

Wntu vilianunseannznismevesly wiegnyfivhnisiwmiziinle sauddnisiudeyaiiu Cloud

dl Y o U a v 1 4

dienlidwiunsinsandeyasielulueuanls

in AfnTu saudaiuundrses vise dszuulidrseansalfaluduinduld
Tngszuusukuudanaaunsadlilszendldiungu w3e suiasysing 4 Ia efnaludnis

Uszandld 1oT sauduniageainnssy SnisdadudusuulunsiSeunisaeuiivssgndaansnieiiu

szuullil szuueiosna ssuvansauna Wisieiy waznelninusslevineyuvustradugusssy

Y

v
[
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M1T99N 1 4AAITILI UaeSeuavvaslayadiuynna

dayadiuynna 31U (AY) Souay
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STAUASANT
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e GVGINTFLTR 3 7.50
s1ela
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3 Au Andudesar 7.50 dulugsield 5,000 — 10,000 Um F1uu 28 AU Andusesar 70 seeAsN
57919 10,001 - 15,000 UM 311U 12 Au Asvdudewar 30.00 audsu

2. NANNTIATIENANUNINBTANTFHBNNTVNITUTDITEUULIAWHDY
M99 2 LARISEAUANUNINDLANSITaNUSEUU

AANINaLY X S.D. FTAUANNY
wala
srumnuannsaluntsienldaumihi 4.33 0.376 wniian
AuANNesanIslgu 4.39 0.512 1nilan
FUAINS 4.39 0.560 1nilan
AunsinwauUaendsvestaya 4.40 0.533 1nilan
3 4.38 0.374 mm?'iqﬂ

IINANTT 2 WU HRoULUUABUnIN 91U 40 AY fiszruaufianelafifisenisldau
svuvegluseduaniign (X = 4.38, SD. = 0.374) WleRarsandusesiu wuirsudidszduaing
flanelasnniian Ao sumsinwinnaasafovesdoya egluszdumniian (X = 4.40, SD. = 0.533)
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undign (X = 4.39, S.D. = 0.560) uazduarmaunsalunsiauldmumig egluszduuniiga

(X = 4.33, S.D. = 0.376) AUA1IAU
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AMUNnela X S.D.. FTAUAIANS
wala

szuvannsaudadoulildnunsuidledn 4.35 0.483 1niige
oy
szuvasandusoulieggniouas 4.28 0.716 1niige
wiugn
EEANTIE ST U F b e N Tt 4.37 0.540 1nian
TgUsvasAarANADIN1TVDILY
sruusdnfouannsainlUldusslonila 4.30 0.516 1niian

57U 4.33 0.376 1niign
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330457
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d' U = k% v 3
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AURawala X S.D. sEAUANUNIN Ll
sruukdfeuiinisUssianaisIng, 4.45 0.597 WNdign
syuvansunsawisiaulsiunailaialiesu 433 0.656 1INVgn

5 4.39 0.560 Wniign
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ENHANCING THE VALUE OF COW DUNG AS AN INGREDIENT
FOR PRODUCING INTERLOCKING BLOCKS

Prachoom Khamput **

Abstract

This study aimed to enhance the value of cow dung residue from dairy farms by using
it as an ingredient in the production of interlocking bricks. Cow dung obtained from a waste
separator was dried and sieved through a No. 4 sieve. The processed cow dung was then mixed
with laterite soil as a partial replacement for the soil. The mixture proportions were determined
by weight, with a cement-to-laterite ratio of 1:5, and the laterite soil was replaced with cow
dung at levels of 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, and 0.7 parts by weight. The water-to-cement ratio
was maintained at 0.5. The mixtures were molded into interlocking brick samples with
dimensions of 225 x 11.5 x 6 cm and cured under room temperature conditions. Water
absorption and density were evaluated at 28 days, while compressive strength was tested at 7,
14, 21, and 28 days. The results indicated that water absorption increased with the addition of
cow dung. Based on the 602-2547 standard, a cement-to-laterite-to-cow dung ratio of 1: 4.8 :
0.2 was classified as a load-bearing interlocking block (suitable for mixing with the highest
amount of cow dung). Additionally, a cement-to-laterite-to-cow dung ratio of 1 : 4.4 : 0.6 was
classified as non-load-bearing interlocking bricks. These products have potential applications in

building construction, residential housing, building decoration, landscaping, and garden edging.

Keywords: Cow dung, Compressive strength, Laterite soil, Interlocking bricks

! Assistant professor, Environmental Friendly Materials Research Unit, Department of Civil Engineering,
Faculty of Engineering, Rajamangala University of Technology Thanyaburi, e-mail: prachoom_k@rmutt.ac.th
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DEVELOPMENT AND EVALUATION OF A SMART GREENHOUSE SYSTEM FOR LETTUCE
CULTIVATION WITH REAL-TIME SMARTPHONE MONITORING

Teerawat Chuenatsadongkotl* Thanat Jensahyayut2 Sarayut Chitphutthanakul®

Abstract

This research study investigated the control of temperature, relative humidity, and soil
moisture in a misting greenhouse system using an Arduino control unit to regulate the operation
of electrical devices via a smartphone for growing lettuce. In addition, sensors for measuring
temperature, relative humidity, and soil moisture were employed to monitor and automatically
control the system, with real-time data accessible through a smartphone. The system utilized a
24Vdc, 6.9 bar high-pressure water pump with 12 misting nozzles of 0.6 mm and a single 8-inch
30-Watt exhaust fan. All were connected through the Blynk loT application via Wi-Fi. The
experimental results showed that the system could maintain an average temperature of 30.5°C
within the greenhouse, reduce the ambient temperature by an average of 3.48°C, and increase
relative humidity by up to 5.0%. The average of relative humidity during the test period was
1.05%. Additionally, the system was able to maintain a stable soil moisture level with an average
of 27.5%. The study demonstrated that the system could effectively control temperature,
humidity, and soil moisture within the optimal range for lettuce cultivation. Due to the
measurement of various system parameters, it was found that the sensors used had a margin
of error of approximately +0.58°C for temperature, +3.42% RH for relative humidity, and +2.93%
for soil moisture. These errors should be taken into consideration when analyzing the

experimental results and designing future systems to enhance the accuracy of control.

Keywords: Soil moisture, Relative humidity, Arduino control unit
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uay 31040 mg MudFy nnnfudnuidung 3 ey wu1 Usinanaunidvanue Saduazen
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\naRsgILATIMUA 2T gsiantAnisnienimuagiadl fnad a, AU 0.35 uageden
AMUAIN L*, AU D udnnd (%) waza1aududmae (b*) WAy 47.35, 4.40 way 22.98
mua1au nn1susulgndndueidudidusadudmuindainnududues (a*) wazaranudud

WIAed (b%) WNIUWINAY 13.36 way 29.10 Fanansusiananwa buuidulvasenmsmadaniusaule
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L 990138UsedmangsazmansUndin a1913vIavnTsumIans Az Ingimansuaznalulad univerdesivangsuns
diua: ratchawan.ja@srru.ac.th

2 919758UszTmangnsasmans s a19130munsIumans Ay mermansuazinalulad uminerdesrviggiuns
diua: Tuk_aha@srru.ac.th

? 919198Usrdmangnsimaluladvadin (veluladenamnssu) puzivaluladenamnssy umIne1derviggsuns
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VALUE ADDITION AND PRODUCT DEVELOPMENT OF FURIKAKE RICE SEASONING POWDER
FROM THE LOCAL SILKWORM PUPAE SPECIES OF SURIN PROVINCE

Ratchawan Jantakhat'" Duangsiri Duangwaew’ Supimpa Wattanasangkhasophon®

Abstract

The current research was aimed to develop products made from local sitkworm pupae,
evaluate their nutritional value, assess product changes, and transfer knowledge to the
community. Furikake rice seasoning powder was developed with fish-to-silkworm pupae ratios
as follows: Formula 1 (100:0), Formula 2 (50:50), Formula 3 (0:100), and Formula 4 (0:150).
Sensory testing was conducted using a 9-point hedonic scale. The experiment was carried out
employing Randomized Complete Block Design namely, RCBD with 20 trained testers and 50
participants from the local area. The research results showed that the trained assessors
preferred rice seasoning powder (Furikake) from silkworm pupae in the aspect of overall
preference and Formula 4 was highly accepted with the value of mean score of 8.10 + 0.73.
In terms of nutritional value per 100 grams, the findings indicated the following contents: total
energy, moisture, protein, total fat, carbohydrates, dietary fiber, ash and calcium which were
567.99 kcal, 1.01%, 35.06%, 39.83%, 17.32%, 7.11%, 6.79% and 310.40 mg, respectively. After 3
months of storage, the results were found as follows: total plate count (TPC), yeast and mold
(Y&M), and E. coli were 3,000 CFU/g, less than 10 CFU/g, and less than 3 CFU/g, respectively. All
of which were within acceptable standards. Due to the analysis of physical and chemical
properties, the water activity (aw) was measured at 0.35, and the color values for brightness (L¥),
redness (a*), and yellowness (b*) were 47.35, 4.40, and 22.98, respectively. The improvement of
the product in terms of color to Tom Yum flavor was resulted in increasing the redness (a*)
value and the yellowness (b*) value at 13.36 and 29.10, respectively. Silkworm pupae products
have been an interestingly new option of protein source.

Keywords: Silkworm pupae, Rice seasoning powder (Furikake), Value addition
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1. ASANEINTZUIUNITTRIANLA
thenuglwluaniden Wunan 1 il Wnleansdou felsldasdn wludu aniu
Fathmidn amay 250 n3u 1naeldannrunn N319 x 817 x 80 (16 x 21 x 1 112) AseesBuNuTDIeU

wndgliadnaueinnuvunliiiu 1 wufiwns sudiegangll 90 esriwaded 1wnan 2 alua

[ Y4 '

WIBATU 1 TAULSNNANNEUAIY BUABIUATULIAN 2 Talud Weenainminnlilvaaneseu Wludu

a

avidon ntuluausie Ngamgll 90 ssrwaiua wu 1 Falus [dnnsaiuauan a, Wunaeilunis

q

avauldndnsiuaianyinedan a, 0.24 + 0.01 Infiulilugegeyainie
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M990 1 UanegnsiugIunsviuedseds 5 gas

ngau gnsi 1 gastl 2 gas?l 3 gnsi 4 gnsi 5
(nsw) (n3%) (nsw) (nsw) (nsw)
ilavan 28 12 160 12 58
#1918 6 il 30 12 1
W3N - - - 8 -
Niakikle] 13 40 130 20 10
9791 13 20 100 20 10
Ty 7 15 40 16 8
@D 2 - 15 4 2
thmnansne 3 - 50 8 4
NeU3UTE 6 - - - 3
Y 15 - 150 16 .
dsiuan - 3 - - -

vanewe: gasil 1 Aauuasann (undnd uem wazenle, 2564)
gn3il 2 (nanssAtinyge, 2566)
ans7l 3 fauvasann (nunnud Jszna wasane, 2560)
ansi 4 fauvasann (h53didl umsui uazane, 2562)
gns7l 5 Aaudasn (53U Yy, 2551)
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asly dunoudl 4 nsilnafadagiufinnugniosasyindnld Tnediniaarldsumetafuusiudeu
SULUUMIMAGBY 19U WUUFRdIRU (ranking test) wuulsugal (scoring test/ratio scaling) LilagAa
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(100:0) (50:50) (0:100) (0:150)
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ANULA 0 16.10 32.18 48.28
dleuan 32.18 16.10 0 0

A8 6.90 6.90 6.90 6.90
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The airborne particulate matter, which has been especially concerned about the case
of PM2.5, has been a prominent factor heavily affecting everyday lives of Chaloem Phra Kiat
District's residents. It has negatively influenced the health of the residents, especially as it has
become evident in allergic-related skin conditions among the residents. Having understood the
decline in the quality of life because of PM2.5 pollution, this study has sought to make
predictions for the amounts of PM2.5 concentrations based on the previous data over the last
4 months, 6 months, and 1 year. The forecasting models used in the analysis revolved around
the Auto-Regressive Integrated Moving Average (ARIMA), Vector Auto Regression (VAR), and Long
Short-Term Memory (LSTM). The Mean Absolute Error (MAE) and Mean Absolute Percentage
Error (MAPE) were used to estimate the accuracy and performance of these models employing
MATLAB and Orange as the data analysis software. It was found that the error rates between
the two models of ARIMA and VAR were comparable, while the LSTM model showed significantly
lower error rates, with the lowest MAE of 1.67 ug/m?3 and MAPE of 7.94%, which was indicative
of a better capacity to forecast. Additionally, the study showed clear seasonal fluctuations in
the PM2.5 concentrations, which grew steadily to peak during the winter, then fell in summer,
and finally fell to their lowest during the rainy season. For example, the peak monthly average
in January reached over 55 pg/m?3, while in August, it dropped below 15 pg/m?3. A consistent
cyclical pattern was found every year. As a benchmark forecasting and comparative analysis,
this research laid a foundation for further research studies, possibly using advanced machine
learning algorithms for further improvement of predictive accuracy and robustness of the
models involved.

Keywords: Air quality analysis, ARIMA, LSTM, PM2.5 forecasting, Seasonal variation, VAR
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Introduction

Air pollution is an acute environmental concern within a local and global level
instigated primarily by the actions of man such as open-burning, transport, electrical
generation, industrial activities, and atmospheric pollutants were we to damage the
environment (World Health Organization, 2024). Air pollution was a recognized big issue of
environmental health, around 4.2 million people died due to air pollution early in 2019
(World Health Organization, 2024). Fine particulate matter, also known by the World Health
Organization as carcinogenic, with a size of 2.5 microns or less is an alleged health disaster
(Greenpeace Southeast Asia, 2024). Industrial activities are the main PM2.5 pollution producers
in the Chaloem Phra Kiat District, Saraburi Province, and this is associated with serious
complications in both environment and public health (Pollution Control Department of
Thailand, 2020).

In recognition of these important factors, global intensification has been done to fight
air pollution, namely focusing on PM2.5 volumes in regard to the fact that these volumes are
microscopic with just about 20 times smaller than the human hair diameter. This size makes
them invisible and able to penetrate around conventional face masks and the normal nasal
filtering systems, exposing and thus contributing to more health dangers (United States
Environmental Protection Agency, 2024). Alongside the respiratory impacts, the lives of
Chaloem Phra Kiat residents are affected adversely on a day-to-day basis due to PM2.5,
evident in its dermatological effects. Sensations comprehensively observed by patients with
anaphylaxis are hives, itching, and severe exacerbations to the sensitive regions like eyes,
mouth, nose, face, groin, and joints, leading to cell-level skin injuries (Sarla, 2020).

New studies are stressed to highlight considerably distinct health effects related to
the influence of PM2.5, as the connection to the rising morbidity and mortality rates because
of the adverse respiratory and cardiovascular junctionary systems (Garcia et al., 2023). A
systematic
review by Li et al. (2022) further elaborates the organ specific damage in which genotoxicity,
oxidative stress, as well as infections, inflammatory responses besides reported damage to

renal, gastrointestinal, reproductive and neurological systems are cited. Related concerns over
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exposure to long-term PM2.5 exposure risks to brain issues highlight the dire need for proactive
intervention, given current ambiguities surrounding how the brain can recover and be restored
over the long term.

Acknowledging the further decline in quality of life that can be attributed to the
PM2.5 pollution, researchers call attention to the importance of accurate forecasting models
so that effective public healthcare can prevent the current situation. Furthermore, PM2.5
poses a major obstacle to the visibility, increasing the hazard of traffic-related accidents
(Hyslop, 2009). In this study, the MATLAB and Orange software platform was used, this is a high-
class-versatile visual programming tool that combines machine learning and high-level-data
analysis techniques. In particular, the Auto Regressive Integrated Moving Average (ARIMA) and
Vector Auto Regression (VAR) models were applied as they are well-verified models for the
forecast of  concentrations of PM25 (de  Myttenaere et al,  2016).
Prestations of models and exactitude of forecasts were intensely tested by using Mean Absolute
Error (MAE) and Mean Absolute Percentage Error (MAPE).

As core objectives of this research, it had been necessary to identify the best
forecasting ARIMA and VAR models adapted to forecasting PM2.5 concentration in particular
within Chaloem Phra Kiat District, Saraburi Province and conducting predictive trends in future
to understand practical measures for mitigating these future trends. The implication of this
research is to give critical perspectives for improving the preparedness of communities,
guiding programs in public health management, and assisting the officials of the government
with programs of mitigating specific policies. Moreover, these findings can provide meaningful
potential for benchmarking, which could be successfully modified and implemented by the
neighboring regions and international communities that also encounter environmental

challenges related to water security.
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Objectives

1. To develop and evaluate forecasting models (specifically ARIMA, VAR, and LSTM) for
predicting PM2.5 concentration level in Chaloem Phra Kiat District using historical air quality
data.

2. To compare the forecasting accuracy of these models across different time horizons
(4 months, 6 months, and 1 year) using statistical error metrics such as MAE, MAPE, and RMSE.

3. To analyze seasonal patterns and trends in PM2.5 concentrations, with the aim of

informing public health interventions and local environmental management policies.

Materials and Methods
1. Data Collection
This study received data support from the Pollution Control Department, the Ministry
of Natural Resources and Environment. The researcher nevertheless obtained air pollution
data, in particular the daily average of PM2.5 (particulate matter with a diameter of 2.5
microns or less) data over the past year from the monitoring station at the Chaloem Phra Kiat
Police Station in Saraburi Province, Thailand.
2. Data Analysis
The PM2.5 concentration data from the past two years was converted into a .csv file
format for integration into the Orange software program and MATLAB software program.
Subsequently, the PM2.5 concentration data were analyzed using the ARIMA, VAR, and LSTM
forecasting models to inform future predictions of PM2.5 levels. The analysis was conducted
with a focus on different periods to test the accuracy of the forecasts. The steps for data analysis
and the PM2.5 concentration data were divided into three sets:
» Daily average PM2.5 concentrations over one year (June 2022 - December 2022).
» Daily average PM2.5 concentrations over six-months (December 2022 - May 2023).
« Daily average PM2.5 concentrations over four-months (February 2023 - May 2023).
Afterward, the daily average PM2.5 concentration data were formatted as a time
series. Dates were organized sequentially to facilitate their use in time series functions for

subsequent forecasting, as illustrated in Figure 1.
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Figure 1 Time series windows
The PM2.5 concentration variable was entered into the Target field to display the results
in the graph following the forecast, as shown in Figure 2a. The parameters p, d, and g of the
ARIMA model were then adjusted to optimize the model using a grid search method, establishing

a range from 0 to 2 in order to achieve the lowest possible error, as depicted in Figure 2b.
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Figure 2a Columns selection windows  Figure 2b ARIMA model parameter adjustment
The parameters of the VAR model were adjusted to optimize the model by minimizing
the Akaike Information Criterion (AIC) and the Bayesian Information Criterion (BIC), as illustrated

in Figure 3.
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3. Evaluation and Comparison of Data Analysis Results

The purpose of this evaluation and comparison of the results of data analysis is to
judge the accuracy and reasonability of time frames for both forecasting models. This was
carried out using the Root Mean Square Error (RMSE), the Mean Absolute Error (MAE), and the
Mean Absolute Percentage Error (MAPE) to assess the output quality of the predictions. Lower
error values indicate better performance on the employees’ tests. Low numbers are indicative
of higher effectiveness in the case of MAE; a value of zero is a high value of accuracy of the
model; the model predicts the value of y with 100% accuracy. Concerning MAPE, a lower
percentage of less than 10% is highly accurate, 10-20% is good, 20-50% is acceptable, and
figures exceeding 50% are low in terms of accuracy of forecasts.

Each forecasting method offers distinct advantages and limitations. The ARIMA model
is widely used for univariate time series forecasting due to its simplicity and interpretability; it
performs well when data shows linearity and autocorrelation but may not capture nonlinear
patterns effectively (de Myttenaere et al., 2016). The VAR model is useful for multivariate time
series with interdependent variables, assuming linear relationships among them, although it
requires stationarity and may underperform when nonlinear or long-memory processes are
present (Wang et al,, 2017). In contrast, the LSTM model, a type of recurrent neural network,

can learn complex and nonlinear temporal dependencies, which makes it highly effective for
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long-sequence forecasting problems. However, it requires a large amount of training data,
significant computational power, and careful hyperparameter tuning to avoid overfitting (Li et

al., 2022; Li et al., 2023).

Results and discussion

In the pursuit of identifying the most effective model for forecasting PM2.5
concentrations, the ranges for the parameters p, d, and g to verify whether they fall within the
desired testing intervals were established. Subsequently, models were constructed based on
the defined parameter sets to compare their performance by evaluating the error values across
each domain. The model that provided the most suitable results were selected using datasets
for forecasting over one year, six months, and four months. The optimal ARIMA model was
determined through a grid search method, alongside the VAR model. The average error metrics
MAE and MAPE indicated that appropriate models could be chosen based on parameter
adjustment tests as presented in Table 1, Table 2, and Table 3.

From Table 1, the ARIMA model testing using the grid search method within the range
of 0 to 2 reveals that the ARIMA(1,0,0) model has MAE = 4.89, MAPE = 0.185 and RMSE = 15.0,
which are the lowest values found. The visual representation of ARIMA forecasting is depicted
in Figure 4 and VAR in Figure 5.

The ARIMA model was calibrated using a grid search method with parameter ranges set
from 0 to 2. Among the tested configurations, ARIMA(1,0,0) demonstrated the best performance,
yielding the lowest MAE of 4.89 and MAPE of 0.185, with an RMSE of 15.0. These values indicate
a relatively high accuracy in short- to medium-term forecasting. The forecasted PM2.5 value was
approximately 18.975. The forecasting trend illustrated by ARIMA closely aligned with the
historical seasonal pattern, capturing both the rising and declining phases of PM2 .5

concentrations across the year.
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Table 1 Optimal ARIMA model testing (1 Year data)

Data MAE MAPE Forecast RMSEA
ARIMA(0,0,0) 7.015 0.277 36.663 15.2
ARIMA(0,0,1) 6.56 0.258 26.9301 15.1
ARIMA(0,0,2) 6.005 0.231 20.3322 154
ARIMA(0,1,0) 6 0.208 16 15.0
ARIMA(0,1,1) 5.948 0.209 16.0316 154
ARIMA(0,1,2) 5.38 0.203 17.7017 15.8
ARIMA(0,2,0) 12.5 0.441 7 154
ARIMA(0,2,1) 5.989 0.209 15.9628 15.2
ARIMA(0,2,2) 5977 0.21 15.9615 15.0
ARIMA(1,0,0) 4.89 0.185 18.975 15.0
ARIMA(1,0,1) 5.019 0.189 18.5008 14.7
ARIMA(1,0,2) 5.035 0.191 18.6736 14.8
ARIMA(1,1,0) 5.963 0.208 16.0229 14.6
ARIMA(1,1,1) 7.027 0.197 20.2466 15.4
ARIMA(1,1,2) 7.286 0.206 19.6389 15.2
ARIMA(1,2,0) 11 0.354 9.16898 15.3
ARIMA(1,2,1) 5.981 0.21 15.9624 14.7
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Figure 4 ARIMA Forecasting (1 year) Figure 5 VAR Forecasting (1 year)

From Table 2, the ARIMA model testing using the grid search method within the
same range indicates that the ARIMA(0,1,2) model has MAE = 5.48, MAPE = 0.206, and RMSE
= 14.3, which are the lowest values found. The visual representation of ARIMA forecasting is

depicted in Figure 6 and VAR in Figure 7.
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The ARIMA model was again optimized using a grid search within the parameter
range of 0 to 2. The best-performing configuration for the 6-month dataset was ARIMA(0,1,2),
which produced the lowest MAE of 5.48 and a MAPE of 0.206. The RMSE was calculated at 14.3.
This model provided relatively accurate short-term forecasts and captured seasonal fluctuations
in PM2.5 levels, with forecasted values closely reflecting the historical downward trend typically

observed between December and May.

Table 2 Optimal ARIMA model testing (6-month data)

Data MAE MAPE Forecast RMSEA
ARIMA(0,0,0) 12 0.292 43.9945 14.4
ARIMA(0,0,1) 9.818 0.269 31.4644 14.0
ARIMA(0,0,2) 8.265 0.234 23.3093 14.1
ARIMA(0,1,0) 6 0.208 16 14.4
ARIMA(0,1,1) 5.869 0.214 15.5982 14.3
ARIMA(0,1,2) 5.48 0.206 17.1702 14.3
ARIMA(0,2,0) 12.5 0.441 7 14.0
ARIMA(0,2,1) 5.998 0.21 15.9001 13.9
ARIMA(0,2,2) 6.098 0.218 15.4409 13.6
ARIMA(1,0,0) 7.158 0.194 20.8921 13.1
ARIMA(1,0,1) 7.358 0.206 20.3857 13.4
ARIMA(1,0,2) 7.328 0.208 20.3526 13.8
ARIMA(1,1,0) 5.862 0.211 15.6995 13.7
ARIMA(1,1,1) 6.332 0.216 19.8775 14.0
ARIMA(1,1,2) 7.243 0.209 19.0065 14.2
ARIMA(1,2,0) 11 0.363 9.02428 14.0
ARIMA(1,2,1) 6.02 0.215 15.5489 14.3

Date of month Date of month

Figure 6 ARIMA Forecasting (6-month) Figure 7 VAR Forecasting (6-month)
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From Table 3, the ARIMA model testing again using the grid search method within
the range of 0 to 2 shows that the ARIMA(1,2,2) model has MAE = 5.295, MAPE = 0.22, and RMSE
= 15.2, which are the lowest values found. The visual representation of ARIMA forecasting is
depicted in Figure 8 and VAR in Figure 9.

Using a grid search within the parameter space of p, d, and g ranging from 0 to 2,
the ARIMA(1,2,2) model was identified as the best-performing configuration for the 4-month
dataset. It yielded the lowest MAE of 5.295 and MAPE of 0.22, with an RMSE of 15.2. These
results suggest that ARIMA was able to adapt well to short-term fluctuations while still capturing
the underlying trend in PM2.5 concentrations. The forecasted average value was approximately
15.6074. This model performed reliably even with the shorter time horizon and retained

predictive stability throughout the observation window.

Table 3 Optimal ARIMA model testing (4-month data)

Data MAE MAPE Forecast RMSEA
ARIMA(0,0,0) 15 0.34 46.375 14.6
ARIMA(0,0,1) 13 0.314 32.8824 14.9
ARIMA(0,0,2) 10.5 0.265 23.5127 15.1
ARIMA(0,1,0) 6 0.208 16 15.0
ARIMA(0,1,1) 5.812 0.21 16.1403 15.2
ARIMA(0,1,2) 5.496 0.209 16.8895 14.8
ARIMA(0,2,0) 12.5 0.441 7 15.0
ARIMA(0,2,1) 5.496 0.209 16.8895 15.2
ARIMA(0,2,2) 5.488 0.217 15.4553 14.7
ARIMA(1,0,0) 8.364 0.215 20.5301 15.0
ARIMA(1,0,1) 8.425 0.223 20.2732 15.2
ARIMA(1,0,2) 8.811 0.234 20.2133 15.0
ARIMA(1,1,0) 5.85 0.209 16.1108 15.1
ARIMA(1,1,1) 7.442 0.218 19.0005 14.7
ARIMA(1,1,2) 7.885 0.224 18.6318 14.8
ARIMA(1,2,0) 11 0.357 9.28373 15.0
ARIMA(1,2,1) 5.494 0.217 15.4383 14.9

(

ARIMA(1,2,2) 5.295 0.22 15.6074 15.2
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From Table 4, the VAR model testing using the grid search method within the range
of 1 to 10 indicates that the VAR(1) model has MAE = 4.97, MAPE = 0.186, and RMSE = 15.0,

which are the lowest values found.

Table 4 Optimal VAR model testing (1 year data)

Data MAE MAPE AIC BIC Forecast RMSEA
VAR(1) 4.97 0.186 15.3 15.3 19.0684 15.0
VAR(2) 9.759 0.23 -25.4 -25.3 21.8215 15.0
VAR(3) 9.999 0.23 -26.1 -26 21.6494 15.2
VAR(4) 10.1 0.226 244 -24.2 21.174 15.3
VAR(5) 9.973 0.227 -25.4 -25.1 21.0408 15.1
VAR(6) 9.773 0.225 -25.4 -25.1 20.7689 15.0
VAR(7) 9.437 0.226 -22.5 -22.1 20.7387 14.8
VAR(8) 9.823 0.231 -22.4 -22 21.5054 15.1
VAR(9) 10.2 0.231 -25.1 -24.6 21.1933 14.8
VAR(10) 10.1 0.233 237 -23.1 21.1703 14.9

The Vector Auto Regression (VAR) model was tested with lag orders ranging from 1
to 10. The optimal configuration was VAR(1), which achieved a MAE of 4.97 and MAPE of 0.186,
with an RMSE of 15.0, comparable to that of the ARIMA(1,0,0) model. The forecasted PM2.5

value from the VAR(1) model was 19.0684. Despite its slightly higher error metrics, the VAR
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model effectively captured multivariate temporal dependencies and produced consistent
forecast behavior over the one-year period.

From Table 5, the VAR model testing within the same range reveals that the VAR(1)
model again shows MAE = 7.259, MAPE = 0.197, and RMSE = 13.1, which are the lowest values
found. Moreover, from Table 6, the VAR model testing using the grid search method in the range
of 1 to 10 indicates that the VAR(5) model has MAE = 6.583, MAPE = 0.226, and RMSE = 15.1,

which are the lowest values found.

Table 5 Optimal VAR model testing (6-month data)

Data MAE MAPE AIC BIC Forecast RMSEA
VAR(1) 7.259 0.197 14 14.1 20.9307 13.1
VAR(2) 9.724 0.235 -22 -21.8 19.7271 13.0
VAR(3) 9.502 0.237 -24.9 -24.6 19.6417 13.3
VAR(4) 8.388 0.229 -23 -22.5 19.2383 13.6
VAR(5) 9.028 0.233 -21.5 -20.9 19.0911 13.8
VAR(6) 8.73 0.228 -24.7 -24.1 18.8018 14.0
VAR(T) 8.907 0.233 -21.8 -21 18.8678 13.8
VAR(8) 8.671 0.238 -22.2 -21.3 19.6546 13.3
VAR(9) 8.634 0.237 -24.1 -23 19.3971 14.1

VAR(10) 8.431 0.239 -23.1 -22 19.4125 13.7

VAR models with lag orders from 1 to 10 were evaluated using the same 6-month
dataset. The VAR(1) model emerged as the most effective, with a MAE of 7.259, a MAPE of
0.197, and an RMSE of 13.1. Although the RMSE was marginally lower than ARIMA's, the MAE
was noticeably higher. This indicates that while VAR(1) captured some of the variability
efficiently, it may have struggled with short-term fluctuations compared to ARIMA. The
forecasted value generated was 20.9307, slightly overestimating compared to the ARIMA

forecast.
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Table 6 Optimal VAR model testing (4-month data)

Data MAE MAPE AIC BIC Forecast RMSEA
VAR(1) 7.752 0.203 12.6 12.8 20.9018 15.0
VAR(2) 8.192 0.232 -21.5 -21.1 19.7805 15.1
VAR(3) 8.38 0.241 -22.3 -21.7 19.6393 15.2
VAR(4) 7.241 0.23 -23.9 -23.1 18.6547 153
VAR(5) 6.583 0.226 -21.2 -20.2 17.9801 15.1
VAR(6) 7.805 0.236 -23 -21.8 18.1024 15.0
VAR(T) 7.332 0.239 -20.8 -19.4 17.965 14.9
VAR(8) 7.804 0.249 -21.7 -20.2 18.7455 15.1
VAR(9) 8.219 0.265 -20.6 -18.8 18.8514 14.9

VAR(10) 8.256 0.272 -inf -inf 18.2809 15.2

VAR models with lag lengths from 1 to 10 were tested, and the VAR(5) model
demonstrated the best performance with a MAE of 6.583, MAPE of 0.226, and RMSE of 15.1.
While these values are close to those of the ARIMA(1,2,2) model, the slightly higher MAE and
MAPE suggest that VAR(5) may have been less precise in short-term forecasting. The forecasted
PM2.5 concentration was 17.9801, which leaned toward slight overprediction. Nonetheless, the
VAR model maintained consistent temporal modeling and responded effectively to the limited
dataset length.

Applying the prediction using long short-term memory (LSTM), the RMSE output
from the 41-second total run is 32.9772 (from Figure 10), lower than the ARIMA analysis. As
explained in the study of Ong et al., utilizing the LSTM prompts a higher accuracy rate and lower
error in forecasting since it considers a feed-forward process of recurrent neural networks. This
means that it enables the recycling of output to depict the proper forecasting of the dataset as
a new input variable. To which, it creates an update of weights and prediction through a detailed

piece-wise approach (Figure 11) — generating the final forecasting output (as Figure 12).
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Figure 12 Final Forecasted Output

It can be explained that a similar pattern is delineated from the final forecasted output.
That is, from the consolidated results of ARIMA, VAR, and LSTM, the trend in PM2.5
concentrations varies seasonally. It is posited that the output peaks with levels from November
to February during winter, followed by a decrease from March to May in summer, and reaching
the lowest levels from June to October during the rainy season. Subsequently, concentrations

rise again in the following months, displaying a consistent annual cycle.
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Table 7 Summarized Model Output

Data Model Value

1 year ARIMA(1,0,0) 18.975
period VAR(1) 19.0684
6-month period ARIMA(0,1,2) 17.1702
VAR(1) 20.9307

4-month period ARIMA(1,2,2) 15.6074
VAR(5) 17.9801

Table 8 Overall Forecasting Model Comparison

Time Best ARIMA ARIMA ARIMA ARIMA Best VAR VAR VAR LSTM

Period Model MAE MAPE RMSE VAR MAE MAPE RMSE RMSE
Model

1 Year ARIMA(1,0,0) 4.89 0.185 15 VAR(1) 497 0.186 15 329772

6 Months ARIMA(0,1,2) 548  0.206 143 VAR(1) 7.259 0.197 13.1 329772
4 Months ARIMA(1,2,2) ~ 5.295 0.22 15.2 VAR() 6.583  0.226 151 329772

From Table 7 and Table 8, across all three forecasting horizons—1 year, 6 months, and
4 months the ARIMA model consistently demonstrated the most favorable accuracy metrics in
terms of MAE and MAPE. For the 1 year dataset, ARIMA(1,0,0) achieved a MAE of 4.89 and a
MAPE of 0.185, slightly outperforming VAR(1), which showed a MAE of 4.97 and a MAPE of 0.186.
In the 6-month forecast, ARIMA(0,1,2) again led with a MAE of 5.48 and a MAPE of 0.206, while
VAR(1) trailed with higher MAE (7.259) despite a slightly better RMSE of 13.1 compared to ARIMA's
14.3. In the 4-month scenario, ARIMA(1,2,2) recorded the best performance with a MAE of 5.295
and a MAPE of 0.22, compared to VAR(5)’s MAE of 6.583 and MAPE of 0.226. These results are
consistent with findings from prior research indicating the ARIMA model’s strong performance in
short-term forecasting contexts (Wang et al., 2017; de Myttenaere et al,, 2016). While VAR
models showed competitive RMSE values across all periods, they consistently exhibited higher
absolute errors than ARIMA. In contrast, the LSTM model maintained a fixed RMSE of 32.9772
across all three datasets, significantly higher than both ARIMA and VAR, indicating lower
predictive accuracy in this specific implementation. However, given its ability to capture

nonlinear temporal dependencies, LSTM remains a promising candidate for long-term or
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complex forecasting applications (Ong et al,, 2024). It is also worth noting that accurate
forecasting of PM2.5 is critical due to the well-documented health risks associated with long-
term exposure to fine particulate matter, which include respiratory diseases, cardiovascular
conditions, and even neurological damage (Garcia et al., 2023; Li et al., 2022; Li et al., 2023).
Effective forecasting can therefore support early warning systems and environmental policy
planning, especially in industrial zones with high pollution burdens such as those identified in
Thailand and other parts of Southeast Asia (Chuersuwan et al., 2008; Greenpeace Southeast
Asia, 2024; Pollution Control Department, 2020). In summary, ARIMA emerges as the most robust
and interpretable model for PM2.5 forecasting across various time horizons, with VAR as a viable
alternative, and LSTM as a longer-term potential solution pending further data and optimization.

While ARIMA and VAR provided competitive results in terms of MAE, the LSTM model
consistently delivered the lowest RMSE across all forecasting horizons. This highlights LSTM’s
strength in minimizing larger errors, particularly in long-term predictions. The architecture and
training parameters used allowed the model to learn complex temporal patterns that traditional
models may not capture, reinforcing its superior forecasting performance in non-linear

environments like PM2.5 dynamics.

Conclusions

The U.S. Air Quality Index (AQI) categorizes air pollution into six levels, ranging from
good (AQI 0-50) to hazardous (AQI >300), each represented by a distinct color (Chuersuwan et
al., 2008). Among the most critical pollutants, PM2.5, a fine particulate matter with a diameter
of 2.5 microns or less poses significant health risks due to its small size and chemical complexity.
[t commonly originates from combustion processes and industrial emissions involving high-sulfur
fuels and the release of compounds like SO, NOy, VOC,, and NHs, which react in the atmosphere
to form PM2.5. This pollutant is not a single entity but a mixture of various hazardous substances
(Lu et al., 2019; Office of Air Quality Planning and Standards, 2024; Ong et al., 2024).

To effectively predict and manage PM2.5 concentrations, time series forecasting models
such as the Auto-Regressive Integrated Moving Average (ARIMA) and Vector Auto Regression (VAR)

are widely applied. These models utilize historical data to project future trends and are
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preferred for short- to medium-term forecasting due to their relatively lower prediction error
compared to simpler methods like exponential smoothing and moving averages. Moreover,
ARIMA is valued for its simplicity and adaptability in various forecasting applications across
multiple disciplines, including economics and public health (de Myttenaere et al.,, 2016). As
such, ARIMA and VAR serve as foundational models in this study for PM2.5 concentration
forecasting.

The analysis for the identification of the most effective forecasting model showed
that ARIMA, VAR, and LSTM models have similar performance for forecasting periods of 4
months, 6 months as well and 1 year based on Mean Absolute Error (MAE). Although the MAE
values were comparable, the LSTM model produced the lowest RMSE, indicating higher long-
term predictive accuracy. Despite the lower RMSE, LSTM results were generated; ARIMA and VAR
had similar trends in performance, which pointed to their suitability in generating predictions of
PM2.5 content. ARIMA provides a more detailed area for analysis to be conducted. However,
ARIMA digests more data in-depth, whereas time series analysis encounters are more general
and therefore not as detail-oriented as ARIMA is. In particular, ARIMA (1, 2, 2) was the most
effective in the case of 4 months of historical data, ARIMA (0, 1, 2) in 6 months of historical data,
and VAR (1) in 1 year of historical data. PM2.5 concentrations declined in May, a period focused
on by the forecasting period in which ARIMA and VAR analyses were able to ascertain that the
trend observed was a decreasing one. Comparative evaluations validated that VAR and ARIMA
models excelled in their given forecasting scenarios. Literature also indicates using
meteorological variables to include, such as wind speed, temperature, humidity, and wind
direction, in forecasting models. Also, new approaches, such as machine learning, should be
studied to improve accuracy and decrease errors.

The predictive results from this study can be used as an early warning tool for public
health purposes, particularly in regions vulnerable to PM2.5 spikes. Authorities and health
agencies can implement mitigation measures such as issuing health advisories, closing schools,
or regulating outdoor activities when high PM2.5 levels are forecasted. Furthermore, local

governments may utilize the forecasting data to support decision-making processes in air
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pollution control strategies, such as enforcing industrial emission limits or managing traffic flow

in high-risk zones.

Recommendation

Research could continue to use machine learning as the main forecasting method for
PM2.5 concentration, as these have proven to be more effective for PM2.5 concentration
forecasting compared with ARIMA and VAR models, particularly in terms of achieving lower RMSE
and greater long-term accuracy. As a priority, local government agencies and environmental
authorities should consider utilizing the forecasting outputs especially from LSTM models for
early warning systems and public health alerts, particularly during high-risk seasons such as
winter. These forecasts could also support strategic planning for PM2.5 emission control, such
as regulating industrial activities or preparing health interventions in advance.

Following this, forecast accuracy may be improved further by incorporating additional
meteorological variables such as rainfall, temperature, humidity, and wind direction, which
significantly affect PM2.5 levels. In parallel, AUTO ARIMA functions can be applied to
automatically optimize parameter selection, while the LSTM model can be refined through
extended validation processes to enhance model robustness.

Although machine learning techniques have shown superior performance in handling
complex statistical relationships, their implementation remains complex and data-intensive;
therefore, further in-depth analysis and localized calibration are recommended before full-scale

deployment.

Limitations

This study, while offering useful insights into short-term PM2.5 forecasting in Chaloem
Phra Kiat District, has several limitations that should be addressed in future research. First, the
analysis relied on data from a single air quality monitoring station located in the district. While
this data source provides accurate local measurements, it may not adequately reflect the PM2.5
conditions across the entire Saraburi province, particularly in areas with differing topography,

industrial density, or traffic volume.
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Second, the forecasting models were developed using only historical PM2.5 data
without incorporating relevant exogenous variables such as meteorological conditions (e.g., wind
speed, temperature, humidity), industrial activities, and transportation data. These external
factors are known to significantly influence PM2.5 concentrations and could enhance the
accuracy and contextual relevance of the predictions if included.

Third, the forecasting scope was limited to short-term periods of 4 months, 6 months,
and 1 year. Although such timeframes are practical for immediate warning and planning
purposes, they may not adequately reveal long-term trends or structural shifts in air pollution
patterns.

Fourth, model comparison was restricted to ARIMA, VAR, and LSTM. While these models
represent both statistical and deep learning approaches, the study did not explore other
potentially more robust machine learning algorithms (e.g., Random Forest, SVR, XGBoost) or
hybrid models that combine multiple forecasting techniques to improve performance.

Fifth, the study did not use a separate validation dataset to evaluate the models’
performance on unseen data. Without such testing, it is difficult to assess the generalizability
and practical applicability of the forecasting models in real-world settings.

Lastly, no spatial analysis was conducted to compare PM2.5 concentrations across
different districts in the province. A spatially disaggregated approach would provide a clearer
understanding of pollution dynamics at the regional level and support more targeted
intervention policies.

Overall, addressing these limitations in future studies could lead to the development
of more accurate, generalizable, and actionable forecasting systems for managing PM2.5

pollution.
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IMAGE FEATURE EXTRACTION BY DEEP LEARNING MODELS FOR REVERSE IMAGE SEARCH

Chakkarin Santirattanaphakdil* Suphakit Niwattanakul®

Abstract

Image feature extraction by deep learning models for reverse image search was aimed
to develop a model of the image feature extraction employing deep learning models and
evaluate the precise results of reverse image search. This research utilized ResNet50 model,
which has been pre-trained transfer learning then well-tuned as the feature extractor for a
dataset of 20 Thai-food-image categories that have been internationally popular. The processes
mentioned were constructed as a dataset representing a semantic image for comparing with
search images using cosine similarity measurement. These processes enabled the fast and
accurate image retrieval without the need for labeled data. The research resulted showed the
precise evaluation of the reverse image search, especially for the first three results achieving an
80-percent precision. When increasing the number of retrieved results to 5 and 10 images, the
precision was at a good level. These results aligned with users’ behavior, who have typically
focused only on the top-ranked results. However, similarity among visually alike images,
variations in viewpoint, scale, illumination, including background clutter affected errors in
recognizing distinctive features. The outcome of this research was an evaluation of the
performance of the model employing in the real-situation scenarios, which could serve as a
guideline for developing image retrieval systems in e-commerce or duplicating image

identification for online media.

Keywords: Image retrieval, Reverse image search, Deep learning, Feature extraction
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Curry lngunsAnnsasANuvsnzauvenniiiellayadayaiiauysal wagn1uN1INTINABUANAIN

'
a [ o

anupndaliiulumuunnsgiu Weadvayunisasslunatygiuseivgiiiertestuoimsing

*

Tuusuneng 9

AT AN 19N TONTINELUUIRINZIIEAY 20 TIUANTIINT LU 40 SudU
lgsunisuuzinduoimsinedilinaswain (40 Thai foods we can't live without) (Wiens, 2017)
g dules ONN Travel Toua 1) fugh 2) wnedu 3) wnadeamiu 4) neuus 5) wneTaiu 6) wneda
7) 13 8) nyens 9) Fravmy 10) dravunla 11) Frafuld 12) a1v 13) danzinen 14) dadinugaiag

Y o

15) dush 16) faitnifa 17) fadion 18) fnlne 19) Sramdleaneaiag wae 20) dsvenilimes Famnsadt 1
Tneduguammemnsangadeya FoodDudy 318158 100 3UNM T3wady 2,000 JUnm wiad1adu
yadeyasensemnsuuuliifithermiudesya (Unlabelled data) tileuiunsimunssuuiianansadum
violFsuiiisuemuadeadsseningunnlduiilaglidedldthemiuiiiossyaana neuazu3unw
awitsmualivuawindudy 2244224 fnwa Fudurmanesguiidenld Wesnamidsue

"Lajwhﬁ’u%a'qma‘lﬁﬂ151Jssmawasﬁa;3asummmLﬂuixuu waziunselumsauinvedlng

A19199 1 579115815 INETIUIU 20 S1813 LLa%ﬁiaﬂWﬂgUﬂﬂWﬁﬂﬂﬁﬂ%@Ha FoodDudy

IYNIIDINNT é‘fqaehqgﬂmwa'mqs

1) Audn
(Spicy soup)

2) wnIdw

(Sour soup)
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M3197 1 5197159115 INeTIU 20 18015 Lagiieg1gUunmaInyateya FoodDudy (#e)

IYNIIDINNT ﬁ"aaei’mgﬂmwa'mﬁ

100

3) WYY

(Green curry)

4) WELUY

(Panang curry)

5) wnasasiy

(Massaman curry)

6) WN9IA

(Soup)

7) U3
(Omelet)

8) e

(Grilled pork skewers)

9) InvMy

(Thai pork leg stew)

10) ¥1munta

(Thai chicken biryani)

11) 91sidln

(Hainanese chicken rice)

12) anu

(Spicy minced salad)

13) HANZLNSN
(Stir fried Thai basil)

14) fadinuzaing

(Braised chestnut)
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M3197 1 5197159115 INeTIU 20 18015 Lagiieg1gUunmaInyateya FoodDudy (#e)

IYNIIDINNT é’l"aaei'mgﬂmwmmi

15) dusin

(Green papaya salad)
16) finfinya

(Stir-fried morning glory)
17) find5n

(Fried noodle in soy sauce)

18) finlne

(Thai stir-fried noodles)

19) Yranileueaiing

(Mango sticky rice)

20) dwgilnnes

(Egg custard in pumpkin)

2) nMsarnAUANYULAI (Image feature extraction) faelunail lfFun1siniuaaemi
(Pre-trained model) 1t o1l muiluiaadiviunissuunguanemsinedisainuaiansa
lunrsangleundnus (Transfer leaming) annnsRnRuuuyatesavuIalvg Samfunsusundduing
sy (Fine-tuning) Tmanzaufuyndoyadonisusuanindnuisdiureslinng vielnduiane
vntuveslasstty shlvaunsaldnulfednaiiuszaninmusiuannwnadouiuanssnyndoyaiiy
Hagtuivanelumadildsunisilnsudrsmihfihandnenssuveslassisussamiissuuuaeulgiu

wmuiedunguan ludesduaneiduladndonlunaiienaaeuiugatoyasunainau §07d

Y

= o & va o ° ° a
d9UDY LAYEDIUNT ﬂmzﬂpﬁlﬂﬁummaa I1UIU 4,512 AN Iﬂammi‘dizmuﬁ]um‘u 3 59U

a ' [ v o

wuUNaansIudaseraiy walttnanisussiliudmAedsiislininurainnisuantosasaudsly
seauTgausule Hani1sUsEMiu WUl 19 5 laaa Usenaunae ResNet50, VGG16, MobileNetV3,
DenseNet121 uag SqueezeNet Huilmaugnaes (Accuracy) lunisiuundeyawiniuiesas 81.06,

81.03, 80.03, 81.05 uar 79.01 auadu dednegluseduiigiwazAaininugnaesianunindidesiu
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28191588 wearluinatudanuwanstatuag19tman ealus1uAINLS LAz IUINvaliAe ATl

Tunuideidadentdluma ResNet50 Wulassadsiiug1u (Baseline model) ileanndiussavanings

o % v

lun1suszanananinale T dwmesussana 25 a1uss Falosnitlueaduluguieaduseng

v ¢

VGG-16 uilinadwsfidanuudugganitlunmmedeutssdniam vonanidaduaniinensaud
wingandmsunisanglauainug i osanndvmdniinauntsin3aaemin (Pre-trained weights)
Thdenldnunainuaney aunsadlvuiuldivgadeyalwiliegiesmsuazuaiug Taglidndudos
Ansulawnalmaidausisy feenuanunsalunisfeudaudnuusidudouly ResNet-50 iundsly
Iumaﬁug’mﬁlﬂ”‘%’mﬁaau‘ﬁ“uasmﬂiwmwﬂmamﬁ]zgzgwixﬁwﬁuazmiL’%ﬂufmmm%q
lana ResNet50 (Residual Network 50 layers) (He et al., 2016) tulassngussanmiie
wuuneuligdud i1unsaisloundinianil ndualemiivugadesa imageNet Ingaonuuy
aninsnssuiieusdymidetudedusmasesilasmsiianuing Wesmnluefinniaiy
arwdnvestulassegnaanivinngdielfunaamnsoiFouifnvuziansvesioyaldanionuay
walugnnau wandunutgmdirgy Aennuuriudrwedunaanasiienudniiiuty (Degradation
problem) waztaym1An Gradient flanasauunulianunsasunnmisidneslulabasusn q 1o
Tasaveldl (Vanishing gradient problem) Saiflufinnvesnistiiuuifn Residual learning snifieudilay
Fodrindanan TnedsudmnegvedasaisanmsiFeudilsidudmneuuunssluasen (Direct
mapping) 1Ldun1siFeuTduisvesiladduitimng (Residual function) unu iieanaududeu
yeanszuIunIFoud esnniladduilaseedeasouifanudouazasdunsannniimsous
laiutmnelun st
nshanunglulasang ResNet50 vukwiAn Residual learning gnununlgnulassadig
38071 Residual Block Faifudrutszneundnuadlinna luusiaz Residual block Teyadunnazgn

darnuialgasyeeng 9 Wi n1sviheeuligdu n1sUFuusieig Batch normalization uagnisldianduy

v !
¥ [ o av v [

nseAU RelLU ioas1eilanduiidensous vavanduileadduilaszgnuiniudeyadunaiiy

HIUNTEUIUNIT Skip connection §eielvidayaaunsaluaniulyduaisesdnluls Ineisn1sil

a Yy '

lwgawsigisannisaqdeteyaseninamsdsiuaeeswintu widsdesiutymean Gradient

ey megldlulasadnendainudnuin deeravililumalidanunsafous degradusednsam

InglassadrvasanUnenssy ResNet50 gnesnuuuinegaluszuy Usenaudme 5 d@u fanini 2
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g an
c L2 c
] t o o o o =
o = c g g g g é
£ E & B 2 3 3 3 3 % 2 3 ]
- > ] c 3 c s} c o c ) c s} g o &
& z £ &5 2 8 S 8 8 F oo
o @] = = o I E= 4} I = ,B‘ - = _a‘ I E= 3‘ - = [
5 o ] ] S ] = b = = g ] ]
o U g 2 % 2 = 3 c 3 c 2 c (s =
T i z g [} g [} g 7] e [} o g
N § & = E T E T E T E T % =
£ B o o o o 3
& 3 (o] (o] [v] (o] =]
= [C]
L ) L L / L |
[ [ !
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Ad 2 Taseas1aweeantnenssy ResNet50

o w

INNMA 2 LAseas19veaanlnenssy ResNet50 fauwsazdluiunuindralunisaia

o

AaanuazAntoyann Weldlunumsinseikasuundssinnnm I51vazidendiail

dil 1 msuszaanatasdiu (nitial processing) Tnglugisusndayaninazgnuszaians

¥ o

HutunauiidAey taun Zero padding evgngauinesnwliiningaudmsunisamualuaees

=

dnlU mudaeaas Convolution #sldinses (Filters) 91uau 64 Fandivuin 7%7 iearinAmudnyny

v o
A a

UFIU LYU VOULYA (Edges) waguill (Textures) ¥0330g 899Nt uagly Batch normalization

=,

Wi ausuATeyaldinunzandinsunisiieus uazly ReLU activation i avit uadnulu i avdu
(Non-linearity) vasluiaa siofien1shinadwuunIniian (Max pooling) e oYUIALTIN UN VB

U

o

foyanim lnsdinsanidnuaeiiddnl idmiunssuiumsatagudnuaslussduiigiuluddaly
dfi 2 msaﬁ’mmé’ﬂwmmﬁaqﬁu (Feature extraction on early layers) Inglalassasne
Residual blocks 91U 3 Udan waazuasnUsznaun8Lalees Convolution 3UIA 3*3 LAy
Skip connection wiaidunalnnsideudeuuuiiuawesiiatnsadisantlymn Gradient vanishing
uazfiulsEAvsnmnadoudandnuaeiifienudnannty wu 3Us19 (Shapes) ward (Color) wasing
d2udl 3 nasade AMANYUYIEAUNAIY (Feature extraction on mid-level layers)

AUszNaUA18 Residual blocks 31u7u 4 Udan F9in1siA NI wIusInTaslulaleas Convolution

' v '
1Y =% o =

Wiaiiuauaunsalunisdudeyandudoudu Aadnvaueiilalurisilisunudeyaddasaiiuay

U

v '
A A

\Bau3um (Contextual information) 191 a1nane (Patterns) WagAMaNBULITINUN (Spatial feature)

FaflanudAgyrenTiinseinarUssananalassasiannluseduiigedu
diul 4 nsadnauanuueidedn (Feature extraction on deep layers) 910 Residual
blocks $1uau 6 vden iieiseusnuanvarluszauianwaziuuusssunniu wu nsuenguwuy

Y8ITNYLANILILAT LazuSunBaiiunveadng tnunuanyuslugndaunsatsuenianuwnnee



MsanTideuaziann Jlaseainsal lunssusuayuiugd auingremansuasinalulad | 294

sgvinlssinnvesinglusunmldegadanuianngdmsunisilvldlunuinsginmidesnis
ANUUNUEFS LU MIAUMTUAIN waznsTwungUAndugou

dufl 5 n1safnnuanyuzduganY (Final feature extraction) A1e Residual blocks

v
=

° < ) say v s v | a v .
Fruau 3 vden laefllesiildnnawesanrineazgndevuinideiuiisie Global average pooling

o @

Fergananududouvesdeya uidinainumAnddyvesnudnune vesuwiazdinsedly antudeya

o q

gnuUastiaglusuianneiniy Flatten layer uazdwulugs Dense layer dmsunisduunainly

Y

Yatoya ImageNet NHIWIUARAMNAY

nsrvuMsananuanvae g teya (Input data) JUAWARIUNTEUIUNITASEUYA

XY [ v

Teyadrgiradnnudnuaedion1susunsa (Fine-tuning) Tuaa ResNet50 Linaneidusaain
AMANYUENY LUUNITAY Feature map NN lasUsuudslassasnalana tudiua 5 3ann136n
Dense layer Fuduiawasgavineiviminfduunguninesnainluma undanssny) Global average

pooling layer 13 iilesarnfiunumdrdglunisaniifives Feature map wlaslunnmasaudnuaue

o

(Feature vector) udusunuvestayafidrfgyanamiiamsailuuszendldlunisAumgnmn

o

v
o LY

Taglsifiosflanmadnsannnsduunuszianam 3nian1sda Dense layer oon fataeifiumnudangu
Tifuluealunisinnmeinudnvay UdinseidoyaldinandnuzlanizuasnIn Wy n1saum
sunmiilidnunaiendeiu wiensinsgidnuaeBeiuiivesnmludyueing 4

3) MyanliAveyaniomatan1sitAsiiosdUsenaunan (Dimensionality reduction with

PCA) Lo ndayaniduiudias (High-dimensional data) Fednagiinduainnisannnuanyuy

= saa o aa ) o 9 v v a o v Y o a a
SINL’JﬂLmEﬁ‘wm]Wu’guumq\mumﬁ]V]WIﬁﬂﬂSUSsM’JaNa%amﬂaumm%u%ammﬂ%vwwEJ’lﬂimﬂLﬂulﬂ DAY

v
@ (YR

§997198 AN TENUADUTEANTNINUDIALUU (Model performance) (Keogh & Mueen 2017) Adtiu

o '
o = o

nsandfdeyainlutuneuiddglunisusuussussaniamesinssuiunsinsidoya nuided

Y

lgnsasnziesAUsznaunan (Principal Component Analysis: PCA) (Jolliffe, 2002) Fadunisly

a Y A o

weiafldsuaruondnnldlunisanifdeyannisudasteyannifnaddivionas lnsldgaydy

Y

v
o o o al

ToyafidrAguindn wadalddugiuainiuiAalunsdumunuliflndfisoninesddsenoundn

(Principal components) duduunuiiaiuisaeduisanuwususiuresdoyalauiniian Inen1sm)

o
o

A1ANUKUTUTIUgeERvastayaluwsaziiiiunsiaseiesduseneuninazaianisulandaduniaeg

o

anduuliivestayaadtuddiunddaiige

s

ATZUIUNITIATIEHOIAUTENDUNSN 2215 UAUAIENITAS 1D BULINABIAUTENDUNAN

= a4 A A ° s 1Y v v Aaaa a ¢
FaduasesdlenlilunisAuimuarsryssauszneuninvestoyaluyntoyailiiigs lnen1siiasey
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aeAUsENOUNANIEYIINIIMIAIANLUTUTIugsgaludeya wazMvuaunuiiAlndiiaenadesiu

ANNKUsUTIUWEITY nasandudeuiandesdusenaundnazgnuiuuisyadeyaiildannnisadn

'
d a

ANANEUE W oN1AYRIRIAUTENBUNANT dansneS uieAuLUsUTIuTeIdayalauInign

o

JeliiieausiazdrvanifvesteyaliiviomieslAnd Ay ian widagielunisusulsasednsnmees

a

nsUsvadanateyalutuneudaly 1 nsasefLUUS eI TaLatiudy esannsania

U

U0y a9 vmaammwmwawawaua 3k amf]mm‘mawLﬂmmﬂmimmmumaamﬂﬂ LU ‘f]m‘mmm

wsUsIuvestioya (Variance) filslanunsneduneldiamn

o

7Y

o

UAmuedIueRUTENaUnENWIIAY 300 LiDAITUANAINENAATENINNITARIR

o N =%

Yoyanaz miiﬂmmmLmsﬂiawmmuiuﬁmsuamw’[fﬂumsamﬁmmawﬂﬂu‘mma Model training)

°

Y
éi’qﬁumuﬁaﬂmmuaqﬂ'ﬂszﬂauwé’ﬂﬁmmxamﬂuﬂizmumiﬁG’Taqﬁmsmﬂmnwawﬁﬁa
W $1ufiAfidesnisanas wazdadiuvesnunusuniuiifesnisaaliluteyafignuvauda
WenavausinudpinIslumMsnlayadAgylikagimuussansamlunisiindiuuudely

a) miaiywqméﬂ’agaLmummumwaqmw (Create the image representations dataset)

&

dolunszviunmsiiddglunisdanisuaniivinudeyaildnnnisuszurananin Jadunisudas

Joyasnjuamlinarsidudeyadadaefiaruisaiiuidssuranauazldnudaluldogiadl

o v al

Usgansnm UsgneudedoyadiAgilaantunousing 9 Tunisussunananin 1iu LnnesAnEnyne

o

'
.:4

Aand@ual (Dimensionality-reduced feature vectors) @ sl@annnsgulunisanid @

g

93 A Y

MIIATIEeIRUsTNaUndn eAndentaziiudey yad fidd mammﬂm‘uauaﬁﬁ“ faq 52U oULans

Y Y

o w

13 o = aa = &
adﬂﬂizﬂau%aﬂﬂiﬁfﬂ,uﬂ’ﬁaﬂum VY a gFadugaIudn SL“LJﬂ’]iLL‘lJad“ZJE)llaﬂ’lWGLmUuL’JﬂLGlaiﬂmaﬂ‘Hmu‘W

o

wanzaudmiumsthlldnudely uenanddsdnmsduiindumadaivvesgunmusiazing Gails

a@13115aRnULaT DI NAURTULATUR

v
t% v

m3danudeyaludnvarlazdieliadayaunuanumnevesnmyhuihiiluadoyad

q

anunsatluldlunsfumsunm Wesndeyafiivsiunnludsduaviuanmnsaisuiisuniny

AaNeAas (Similarity) a3 mang 9 laegresniaiinarlisududowinisuszuiananinduatued

a

Tuusiazass naensudglinisuimsdanistoyaduldldegdfisudovuasiivssansam dududiu

o

annlunmsiauueundiaduseliluouan

Nan15I8wazanUsIena
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nsananudnyuzanalgluman1siseusdadndmsunisAumsuningeundu
wamansiseuazeAusonamuinguszasd liun 1) eiamnduvunsadnnudnvazamge
Tunan1si3oudidedn uay 2) tieUseliumuusiugvemamsiumnnmdoundu finsasiBondsil

1) nanswaduuuMsatnaudnvazawelunanisieusiddn oadanudnuas
sUnmuugadeyagunmemsinediléiuanudenanunnvasiua 20 s1ensieluea ResNet50
frunsaigleunrmdannisiiniuuugedeyavunalng Srufunisuduusslunaiiisdalimnzas

yadeyamen1suTuAmlnusduveslunasiuinduamzutuvedasinyg neulziuas

de

\Ju Feature map T 9UsEnoUR281INIABS 1T 9A LAY YuIA 2,048 semUssnouii idunadnsan
nsrvuNsaienuanvae lnennmesilaainiaiges Global average pooling Fevintfiasudeya

NAResunInduualngfilaaniaees Convolutional neunthilleglusuiuuvesinmesuuia

1 fEvuansnvardAgyuosnIn Wy U 5Unse @ viieliuiiiluwaausaiseuiiaznsadulaly

U

&

seninnsindu neaudnvauzmailldudeyaiiddgludsunuaglasiaiavesninduaty

Y

o [

ag13lsid Arududouvedifdayaninaitenvdwaneuszdniamlunisussuiana

Feo191inlugUamAnanUuniadif (Curse of dimensionality) detiunsiasizviesdusznoundndagay

A a

wlastayandiinadviivdediivisnas lnedenssnwmanuuususiuididgluteyald Bnsildifies

v
o

Hiwannutudeureioya uidieiudssansnmlunisussiana nuldelidatuluiiesdusenay

drAgyfiandiuan 300 esrUszneu nedndeyanifinansenutieevseiidudyyrusuniusenllneou

oY g

=p

srilasralugedayaunuanumnevesnm dWedudnuunsfumsunmgaundu daniwi 3

Image query Cosine

distance

— PCA

ResNet50 Principal Component

Thai food Analysis

image dataset

T d7O 8

Image

Ajueyiwis

representation
dataset

AR 3 NFEUIUMIAUMFUAMEBUNGY
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NN 3 ﬂixmumsé’umgﬂmwé’amé’uSuﬁuﬁqamsﬁwmwﬁum (Query image)
gy Tneriuduneunisuszananadiamii (Pre-processing) titeUurunawdu 224224
finwaimngautunsatngadnvuzgUunmlulung ResNet50 mmfumwazgﬂamﬁ%aaﬂaﬁw
NSILATITADIAUTENOUNANUAI92UY Feature map voinnAum S sulisunyu Feature map
Agndmfiulilugedeyaununumnevesnn Judusdedoyaveanmiliiunisussaianaaiamiin
wagatanudnvarudl nsTsulfisui ldnisdiuinaiauadlaled (Cosine similarity)
(Manning et al, 2008) \Juunsiansadaaaniildiietnruuwana1asoanundiendesening

LNLMBSABITILUNUANNMBSTINR AAUNITA 1 FIBE19NTAIUINTEEENIELALlYUINNTEELU9TENIN

LAWBS A LATLINWS B

] o A.B
Cosine similarity = ——— (1)
LAl IBI
vualy AB Ao WaALYIRA (Dot product) Yo INNBS
[|Al] wag ||B]| A9 TUINVDIUINLADT A LAZLINLADS B TIAIUIUAIN

NASINVDIANNNIERIUBIwAar AU sEnaulunNmes

Cosine similarity Ao ApuAdelalel Jaliaeglugas [-1, 1]

INFUNTSTA 1 Nswlananiauaaledalaleyd Mnda1lng 1 Nu1efaInnes A way

G|

VNS B dfiAnainaeadsnuuin TuvaeiaAnlng 0 munedannmasluianuduiusiaienig
LATAINING -1 MUN8DINMBSETNAN19MSITNAY ALUAlElUAISIWUS U BUANULANFAIITENI1

LAMBS ArAINlAAIYSTEESlabeY (Cosine distance) AYaUNSN 2

Cosine distance = 1 - cosine_similarity 2)

naun1si 2 asiuldinszesvndlaleufianeglugi [0, 2] dsiwderinunadalaley

N

e lnad 1 azdaalviszozmalaletifialng 0 Tumanduiu Wesiauadalaleuialng 0 avdanaled
segznalaladiianlng 1 waziaaianuadsdaledianlng -1 szdenalvssoendaledudalng 2

sziiuldinszeznmadalallildaularivunn (Magnitude) vosinmes urasiduinyuseninginines

v '
o & =

79809 W BNINTUINANIWTIZUNNS (Relative orientation) VB9LINLABDS bUN UL UL BTAAIAINY
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'
a 1 v

wane1BdaInmedsendtanmAumLaranluguteya geaszeeniadesyinla wanadnnin
Iugmﬁﬁaaﬂaﬁmwmé’w&Jﬂﬁnﬁ’umwﬁwmmLﬁwﬂgu neuagdndusiunnlugiuteya (Image ranking)
muA1AuAd1eaduissdununtuniesdmsunisiiaus ifunanisdumyunmunldlu
FULUUUHINTN (Image grid) SufuAA LA EAE e BaZL BAYE AN q fanmil 4 freea

JUNNAUMLAENANITA UM FUAMNToUNGUTINAL 10 JUAMNTHIUATITUTZITUAIUGNABIRIN

v
o =

A3ervgy dauieliaunsadumaimiidesnisidesemndnavudud Inelidndudeddoya

Y

FremiulunimAum

Query image

dl L 1 14 ¥ 4 U o
NINN 4 G]?EJ‘EJ’NE‘UQ’WWQ‘UWW LLa%Naﬂ’Tﬁﬂu‘Vl']E‘Uﬂ’]‘WEJEJ‘UﬂaU‘\]’]‘L!TL! 10 EUJ’]’]W

MEUNTUTHENANNNABIRMNELTE1Y18Y

2) wausziuauusiugvemansAumamgaundu Tngdilumaduuuunageulaglyzunm

Aumlulawwensive 20 sienmsangldmegunmdumiiduuulinediunineu (Unseen dataset)

o
o

F18N1301TaY 1 JUam Tawviadu 20 suan esaniduddinanuaunsavediaalunisina

1Y 4 = £ £%

Audeyalnindanuvainvaty uazazvoutausganiamveslunaluaniunisalasenilyldaunie

Y

suamluuSunfiuaneneiy Wy sUAMATANLLANAAIUTEEZENY YUNBY LaETNe ARDAIUNUMES
grenngeuANdang uvaslnalun1sdanisiuanuulsusiuvestaya 1y anaisluszesy
| Y ° v a a a I A v 1% | '
waneineiu e1avilvssazBenvessunmmudsuly nieyuuesnindiuuunie dud1ee19dnans
ANWULLAUYBIDIMNTLARLIIENTT UONIMNTANNLAITNLANAAY LU LEISTIUTIR Wasanvaen bl

wionstlunm Jaduladeiiiuenududeulunisainudnvue
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o '
(K" N

gaduiadun1sagiaudaanundouvaduinasanisidanululrinine lnaenizluusun
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DEVELOPMENT OF A LEGAL-CONSULTANT WEB APPLICATION
FOR COMMUNITY ENTERPRISES

Chalermjade Samanuhat' Nikom Lonkuntosh® Teangtum Sittichantasen®

Asada Wannakayont‘1

Abstract

Community enterprises in Thailand have normally faced with challenges in accessing
legal knowledge and consultation essentially for proper business operations. This has resulted
in entrepreneurs lacking an understanding of legal requirements and potentially made errors in
complying with relevant regulations. This research was aimed to develop, test, and evaluate the
efficiency of a web application for legal consultation specifically designed for community
enterprises. This was also aimed to create an easily accessible tool that provided legal
knowledge and consultation to community enterprise entrepreneurs. The system development
employed the Systems Development Life Cycle (SDLC) approach and was designed to be
directly accessible through web browsers without requiring additional software installation,
enabling users to access the system from various devices. The performance evaluation utilized
the Black Box Testing method conducting by five experts. The evaluation was employed to
cover four key aspects: program accuracy and functionality, convenience and ease of use,
program capability, and system security.

Research findings indicated that the developed web application efficiently provided

legal knowledge and consultation for community enterprises. The overall evaluation results
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were at the highest level (X= 4.62, S.D. = 0.44). When examining individual aspects, all areas
achieved the highest rating level as follows: the program accuracy and functionality gained the
scoring highest (X= 4.74, S.D. = 0.43), following by convenience and ease of use (X= 4.67, S.D.
= 0.44), system security (X= 4.52, S.D. = 0.45), and program capability (X= 4.51, S.D. = 0.44),
respectively. The current web application served as a valuable tool for community enterprises
and could function as a model for developing legal consultation systems in other areas or for

applying information technology to support future community enterprise operations.
Keywords: System Development, Legal Consultation, Community Enterprise, Web Application
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PHOTOSYNTHETIC-LIGHT RESPONSE CURVE OF FOUR HEMP (Cannabis sativa L.)
VARIETIES AT VEGETATIVE STAGE

Winai Utkhao' Wason Pannim® Sanyapong Khantongdee® Kosol Nuntileepong®

Kriangkri Suwannason’ Weerasin Sonjaroon6

Abstract

Light energy is an important driving force of photosynthesis in plants. The objective of
the current experiment was to determine the light requirement for maximal photosynthesis in
hemp (Cannabis sativa L.). Researchers examined the response of photosynthesis under thirteen
different levels of light intensity (PPF) from 0-2000 pmolPPF m? s of four hemp varieties
including Auto Blues (Sandy), Sour RNA Seedless, Early Remedy, and Sour Suver Haze Seedless]
at vegetative stage. The result showed that net photosynthetic rate (A) rapidly increased in
response to increasing PPF range of 0-1000 pumolPPF m? s’ then slishtly increased based on
increasing PPF. The maximum gross photosynthetic rates (Amax) among four hemp varieties were
in the range of 36.8-44.2 pmolCO, m™ ™. The light saturation points () where the A reached
their maximum ranged between 916.9-1030.2 umolPPF m? s and the light compensation
points (Ic) ranged between 77.0-99.0 umolPPF m? 5. The maximum photorespiration rates (R
max) Were in the range of 7.9-11.6 umolCO; m? s, The light requirement data from this study

could be used for light management in hemp cultivation.

Keywords: Photosynthesis, Photorespiration, Ligsht compensation point,
Light saturation point
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gudnans 15 i1 Thimfeuiute (fertigation) iumeszuutiven Usgnaudae Jonaugns
15-5-20 USuau 1.5 ¢ plant” day ™ usndiFeudamaigunzlanse (MgSOq-7H,0) Usuna 0.5
g plant” day” upai@eumaslss (CaCly) USuia 0.5 ¢ plant” day ™ wazqas 9331 UNILATE
FC USinas 0.2 ¢ plant™ day Tiundufizuas 1 L plant” fadsaanilonnia (WatchDog
Wireless Weather Stations i‘u 3540, Spectrum Technologies Inc., USA) Vld'iz wqum‘ﬁu
2 wins eifudeyaanmenmameluuasgnaseanaiivhnimeass dausideuunsia s
nuatiug 2565 TaAnauduuadlutisnansiu (6-18 u) fidads 858.6 pmolPPF m? s’
pamgienmadslutinaisiu 282 °C aududuinsvesenmadslurisnansTuriiy
80.5% wagnansfudsiniu 94.1%

UMD UAUDIADLLES

Y] =

Waduigyyeony 36 Tu %aaeﬂuiwsmiw%@@u‘lmmaﬁwf’fu (vegetative stage)
MnsUszliudnenmnsdunsziuasesluigasslagindunovausssonas (photosynthetic
light-response curve) tnaidensaluludidiuil 4-5 WuannUatesen Jefidrdsinnmden
(SPAD index) $af81a3 83 chlorophyll meter (SPAD-502, Konica Minolta Inc., Japan) 8¢
Tuaing 40-45 lugnanan 8-12 u. Yalusleinsoeinsasuandsuniassuudn (L6800,
Licor Inc., USA) 1o 7auwuy multiphase flash fluorometer chamber (6800-01A) 1A%

YSuasanmenianeluiaia Tnadmusliensiiavesennailuarulu wiadu 400 pmol
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a

s gaumingluininmsi windu 28 °C Anuauduinseglutig 65-70% uazAnuiduduves

q U

[

arsueulneanledlueinie (air CO, concentration) A sgfy 400 umolCO; mol™ TAgn3
wanwasuuianieliszduninuidunas (photosynthetic photon flux, PPF) fivsuanaadudu
ﬁgqmm 13 S2AU ﬁzﬂLLﬁl 2000, 1600, 1200, 1000, 800, 600, 400, 200, 100, 75, 50, 25 way O
umolPPF m? s Tnadnuyasannisnisves Tang et al. (2017) 1a3 pefloUseifiuA18ns
daunsgviuaaans (net photosynthetic rate, A) A luadanlu (g) LazeRIIATEUN
(transpiration rate, E) fuaA1UsEANS nnnnslaun (water use efficiency, WUE) lsa1n
é’mdauiwdwmé’mﬁqLﬂﬁzﬁLLaaqw%mé’mwmﬂﬁw (AE) uenanil Ussiiiudsyavsniwms
THuas U9 UUNaIEDY (photosystem I, PSII) mﬂﬂ'm’%mmuaanaaLimﬁauﬂwmsﬁiﬂﬁ%’u
uasvaiziiy (steady-state fluorescence, Fy) wasUSinauasigoaisamusiggaluvneAluldsy
AULTNLEAIEININ (maximum fluorescence, Fr) AMWIAUSEANTANASIEUAIU09 PSII

Turaeiluldfuuas (light-adapted quantum efficiency of PSII, Gesi) 1037 Ppsi = (Fry' - Fs ) /

o v a o

Fr' wazAuensadoud1udiannsou (electron transport rate, ETR) 1631 ETR = dpsi X f
X | X ot \il0 £ A0 dncuvesuasiigngandulag PSI iiguiu PSI (@wmsufiy C3 fid1 0.5) |
Aondiuaslurisdudmiunsdaunsginas (PPF) Uag duer Ao duUszansnisganauuas
yasludian 0.85 (Schreiber et al., 1998)
nmsUszliudmnnfivesvasdunauduassiauss
ANNFuTUSsEnIednduaTeiuasansiuanuduuas eglugvesaunis non-

[

rectangular hyperbola (Thornley & Johnson, 1990) mfgll

1
A= —[aPPFen,,, — /(@PPF+A,, ) — aBaPPFA, | — R, (1)

dlo o e UszAnsamnaslduas (apparent quantum efficiency) iusnariudu
Tugaa PPF 61 (0-100 pmolPPF m? s™) B fle ArAruAuAsldswedunsml (curvature
factor) Ry i 8m31melaludidia (dark respiration rate) A Ae §n351daL1AT189 UAIANS
(net photosynthetic rate) hae Anx A® 8 AIIFILATIEV UAIF I8 A (Maximum gross
photosynthetic rate)

YanaNd HINTuYe9An ETR AU PPF danuwaesiufednuiuaudunussening A

fiu PPF Fdlidayaidnguaunmsdiedideaiulasunuan A dea1dasiadeudiedidnnseu
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a o

(ETR) k¥ Ama AI88MT1EIAVINITATDUEIEBIANATOUTIITEUU (maximum rate of linear

o

whole-chain electron transport, ETRa.) 691

¥ — aBaprpFETR ] — R, (@

max

1
ETR= — [APPFAETR,,,, — 1/ (OCPPF+ETR

ATUIUNITITLADTA9) VOIANNITLAUNDUAUDIANOLAITI9AUAI8TS non-linear
regression 1neld solver vaalUswnsy Microsoft Excel AuanAIAIdURaIB Ui (light
saturation point, I;) laefvuaiduainnuduwas 0 A = 0.85Am wazgnuaLyewas (light
compensation point, 1) Tnefnuadumerudusaade A = 0 pmolco, m? s’

mn@mﬂuﬁﬁmamﬂ%ﬂgﬁﬂiﬂ (ribulose-1,5-bisphosphate carboxylase/oxygenase,
Rubisco) 7§l a11uaunsalunisnse CO, (carboxylation) Lt aas19a15Usenoudunsdlu
ATPUILNMIEUATIZRRAMED S3an150n3e O, (oxygenation) Hiainnszuaumsmeladauas
(photorespiration) laanee Feviliaunsauseifiugnsmelailauas (photorespiration rate,

@

R lasaaunisvee Valentini et al. (1995) mﬂ‘f
1
R== [ETR — aA — Ry)] (3)

demsUeuiiey ladwimalnalinlugsan (maximum stomatal conductance,
8 max) DMTIANBUIEIAA (Maximum transpiration rate, Ema) Uizﬁmﬁmwmﬂﬂ’fu"wqaqm

(maximum water use efficiency, WUEa LLﬁsﬁm%ﬂm&fﬁ]@ﬂLLﬁn@dqm (maximum photorespiration

= 1Y £ '

rate, Rima) WEAILIUINANRRVD g, E, WUE, wag R 715eAuauiduiladgeninaniiudy

o

wasdusa (PPF > 1000 umolPPF m? s™) saiiSmsues 1o 9auna uazAne (2559) uagAun

Tnduvednsndeud1edidnmseuguanrednduaTIERuEIgeEdn (ETRma/Ans) NHHAIN10
s UaINsvedURaUAUB IO
NsAATIEAdRYaNIADA

Fpszvidayanlslusunsudnsasy IBM SPSS Statistics 26 3LAIEMBNSNAVETY

U U

o £%

WugAnyyarieds one-way analysis of variance (ANOVA) lnenageuserutiudfgyn1adain p

< 0.05 dazauisuaaae ¢35 Duncan’s New Multiple Range Test
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NANNTITELAZBAUTIENE

HunaUaUDIADLES

ANNFURUSTENINABRTIFUATIZRAIENT (A) wazAIANdULas (PPF) n3aldu
noUALBIAENADIRY T 4 aneud fsuuuunadsuudasiindrendetuundssduend
wansnaf (it 12) wudn A A lugasusniseiuaudunasisious 0 audle 75 umolPPF
m? s” fednau 1Wurazsiousnsmela (respiration rate) uansantuiyedalddunsysiuas
(it 1a) Tneen A Wiinduegemnidmusziues PPF fiiiutulutiusndaussysiu 0-1000
pmolPPF m?s™ wEBuifinTuegnatas Tneen A @J'L%Ejmg_jnmﬁtﬁaisﬁu PPF 5@@@5%}’3%&
(1) Fadurasiian A 9NINAMEAIUTNTUYEY CO; (Huber et al., 2021)

dlofiansanniswisuwlaswesailwatinly (g) LazASnsIANET (E) 31nnnsa
unsuaussienamasiy 4 anewug wuidsuuuunsidsunUamomnineitaes
pduaBetu Tneviean ¢ uay E dauiuduniuszdu PPF ifiugslunanntas (0wl 1b-10)
Tnglufigaaiia 4 areviug feniilvaunlugegn (g e wiogluras 657.5-856.8 mmolH;0
m? st upedA1dnA1etgean . wiveylutis 7.3-8.6 mmolH,0 m? s* (ms1adt 1)
Tuvasiiauduitugseninsddszans nwnnslddn (WUE) fudn PPF fidnwaizadnefuiu
Aruduussywineen A uag PPF (nnil 1a uaz 1d) Tasendszavsawmsldthasan WUE..)

¢ a1 a

vosluiyyans 4 anesiug deadeegluiig 3.2-4.1 pmolCO; mmolH0 (115719 1)
WsfiweivenduneuaupisiauavediyyInliainn1sidglann1s non-rectangular
hyperbola kanslums1ei 1 wudnluigeans 4 anenug IseAureamnsilineseanee A

nniduneuauasrouasdialndifeetu Taefyeis 4 aeius dengevamonas () oglug
77.0-99.0 pmolPPF m? s (15197 1) Fafiusedu PPF ivilismsduasgiuainfusng
wigla viadussduilufiniuduaseiiuas fernfiusediuldganinaiinldainnisfnuudu
novaUBIiBuAasiY C3 vianguiln leun dawn Afien I aglutas 30.2-60.5 pmolPPF m? s
! (Surabhi et al., 2009) uzidewa Jadlen I Wity 29.3 umolPPF m? s™ (Li et al,, 2024) uay
MunzTudeiian I, agjﬁ 31.0 umolPPF m™ s (Scartazza et al., 2020) d%SUAIAMULTULES
Bust (1) Bafusedu PPF fivinlien A Wiutugeaaveaiayseis 4 anewug feoglura 916.9-

1030.2 pmolPPF m? s (1574l 1) Feeniildaonndosiunisinuaes Murovec et al. (2022)

a

ANUIAUAYYalA1ATURAIBUAEINT1 600 pmolPPF m™? s™ wagdlA1gandnen I 7
Uszifiuldvosnisindunsvaussonawosivluasdifeanu wu Humulus lupulus L. Adlan I
a8l 341.0 pmolPPF m? s™ (Bauerle, 2023) Ingn I, anansaldidussiuaaudunasdiads

dmsunisliuasiiey (artificial light) unduiivivgnlulsaseunarlsanuniniiy iedninl
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flufsavBamnisdansizsiuasgsgald (Bilodeau et al, 2019) ilefinrsanmsnsdaunszi
WAHGAN (Amp) T09A YT UTHRULE nudriarts 4 anewus S0 A, ogluta 36.8-44.2
UmolCO, m? s (M99 1) FeslANgandnan Ane. AlFaNNANYIAURDUAUBIFDLABAY
yar ot 7w ludyseaeius Stillwater $A7 Anw 087 23.9 umolCO, m? s
(Rodriguez-Morrison et al., 2021)

UseAnsnmnislduas () WWurfinansdeuszansanlunisnie O, deniahouas
994 ribulose-1,5-bisphosphate (RuBP) Inediioulaizlalnidudaisaufjisen carboxylation
wudfans 4 aneiug Sa7 o ogflugag 0.059-0.061 MolCO, mol! PPF (ans19#t 1) 39
Tndifesiuity C3 Tnetalufiien 0.05 molCo, mol’ PPF (Taiz & Zeiger, 2006) wonaniiiay
it 4 aeiug idmunualdsesnsiil (0) agluras 0.75-0.81 wazAdnsmelaludiiie
(R) 981723 4.50-5.70 umolCO, m? s (5747 1) Faein Ry fspdiuldannsinulunds
i feganiidaldnnnsnyidunevaussiouasesdiy C3 Saflen Ry oglutag 0.50-3.10
umolCO, m* s™ (Byrd et al., 1992) anndayadinaiwandliiiuinduiysadanuaiuisalu
nsdesdaneimanidnnsziunmsinanyiuaniieldlunisaine ATP dusuldluianssa
sineq veneaduarniulaldinn Wedleufuite €3 Tnevily (Rashid et al, 2020) wonanil
A1 Ry AigadadliiiudnlufyvsdissansamlunisauaulfAsensnondusnaalngu

(stroma) nMelumaelsnaansEnIneilinNTEUILNTELATIEALESLAR (Wang et al,, 2001)

A, umolCO, m*? s
E, mmolH,0 m? s
®

—@— Auto Blues (Sandy)
—A— Sour RNA Seedless 2
—{3— Early Remedy

Sour Suver Haze Seedless °

o

3

@ 3 B
g & &

g,, mmolH,0 m?s™
s @
£ B

N
8
WUE, umolCO, mmol'H,0

0 500 1000 1500 2000 o 500 1000 1500 2000
PPF, umol m?s™ PPF, ymol m?s™

A 1 nswasundasues a. dnsdanseiuasgns (A), b. atlvauinlu (g), c. 8039M13
A (B) uaz d. Uszansammsldin (WUE) fissduanuduugs (PPF) shefuves
Ay 4 aneiug Tuszermaedivlamsddiu aiwanadudiade « SE fildan 3
1 (n = 3)
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Uszansawnslduasvadlu
Usz@nSnmn15lduasvosszuuLasans (Pps) A dna1uvesUTuulnaouLasn
i lUldluyfasenannuas (photochemical reaction) sistSanailnineuuasnsvuaiiluiivgadu

Tlaluvaenlulasunas Wuinen des V0uAazIAURDUAUDIRBLANEAAAANLDTEAU PPF Ll

geTu (09 2a) luvagfinisdsuulasveridnsadeudrediinnseu (ETR) Idnwae

[

A197UAUNI5UE sUBUAITENINNAT A AU PPF (AN9 1a kay 2b) L aATUIMAIE RS

o)

\nd oute818nnTaUaIan (ETRm) 1nn1sidgdaunsidunsvauaisiauas 3addanan
azvieunnuannsalumsgadundinuiaazindouiedidnaseuietuindeuljisenain
wae (Bheemanahalli et al., 2022; Zhang et al., 2020) wudwﬁ’wﬂmﬂ% 4 @1WUG TAT ETRmax
waveylutig 244.3-362.8 pmol & m? s (M35 1) FarndiuszdiulifiengeninAiiuszidi
Ifanmsindunevausseuasvasiiv C3 vansulln lon dandes AflA1 ETR . 08l 216.6
umol e m?s™ (Yao et al., 2017) ugi¥owa A1 ETRma 117U 204.1 umol e m? s™ (Lu et
al,, 2019) waznNALTEY A1 ETRma 8870%39 152.6-177.3 pmol e m”? s (Mittal et al,,
2012) wandliduindyraduinifinstundousdidnasoudieldlunszuiunsdunsmegiuadld
as dlaiiguduity €3 Tnehly WeRlnsanddndruvessnsiadeutnedianaseugeansiosn
FUATITAUAIGIAR (ETRrad/Ansd TuansUTinudidnaseusendanie CO, findsld annms
AN ST S 18 A UNDUAUDIFOUAS NUTIA ETRre/Ana D09 QY29719 4 anenug
fidadseglugie 6.7-8.1 pumol & umol'CO, (3199 1) FslndiAssiuiia €3 Tngviluly
an1zUndifi L ldsuainuas o ﬁ'ﬁﬂ"lé’ﬂmuﬁya&ﬂuﬁ’m 7.5-10.5 pmol e umol'CO;
(Perera-Castro & Flexas, 2023)

ansglaauasvaslu

nsmelatdanas (photorespiration) ¥eey C3 1dunavinnsioulusigdaln
(Rubisco) mmmv‘hﬂﬁﬁ%mﬁﬁ%ﬁ’u CO; (carboxylation) agAu O, (oxygenation) (Eisenhut
et al,, 2017) Fanszvaumanelaidauasimthiidussuumudsuasueu (carbon recovery
system) Feazideu 2-veallnalalan (2-phosphoglycolate, 2-PG) TUidu 3-wealnnfiwe
130 (3-phosphosglycerate, 3-PGA) ﬁmmmﬂé’uL%ﬂé?gﬁﬂiﬁ’aﬁuié’ (Bauwe et al,, 2012) 1y
dasmmeladauas (R) vosity C3 annsavszadiuldanmsindnsuaniuasuuianugiuns

TaUSuaussdngeaisawudnnsinduneuauswionat Fea1nuan1svaasdluasadnuine

RL U8y uenia 4 aneiug 1iadun1useau PPF Tugia 0-1200 pmolPPF m™? s widavniu R
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| -

efldngansd (Ml 20) Womuaidnsmeladauasgsan (R m.) vesfyvens 4 aneius
wuddlauansiuegraliedidny Inedyysaneiug Auto Blues (Sandy) 3Ifn Rl max gegn0ei
11.6 pmolCO; m™ s se%asnfAD maﬁuﬁ: Sour RNA Seedless, Sour Suver Haze Seedless
way Early Remedy F9iA1 Rimax 911U 10.9, 9.0 Waw 7.9 pmolCO, m? s anudsu (ansns
71 1) Geerfusziulfielndifsaiuaiialalufiy €3 varevia 1éun $1oand Afldoglutas
9.5-13.1 pmolCO, m? s (Ye et al,, 2019) a4u HrA10¢lure 6-8 pmolCO, m™ s™ (Zufferey

et al,, 2000) wagwin fANWIAU 12.7 umolCO, m™ s™ (Qiu et al,, 2019)

osa Bre
06 w12
)
E
_ ~
g 04 gs
B2 °
E
i
02[  _g AutoBlues (Sandy) o 4
—A— Sour RNA Seedless
—{O— Early Remedy
ol —O— Sour Suver Haze Seediess 5
h " " " "
350 - b 0 500 1000 1500 2000
300 - PPF, ymol m?s™

ETR, umol e’ m?s’
2

0 500 1000 1500 2000

PPF, umol m?s™

Al 2 N5V vuUasves a. Uszdndnannislduasvesssuunasans (Qes), b. 9957

AsuEeSanATaU (FTR) hay c. 9ns1veladianas (R) N5eiumnuduwas (PPF) #nafuvad

o

iy 4 aneiug lussezmaasaivlamedsiv Auanadudnade + SE Aldan 391 (h = 3)

o
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M19199 1 Eiwesilaannisindunsuaussiouatveiye 4 aenug lusseenisasgiulnme

aetu b Ardlvnauinlugedn (g mad, 8951A18UIEERA (Ema), UseEnSa1mn1sldingegn (WUEma),

AYALYEUAS (1), ANAIUTURAIDUAT (1)), FNTIFUATILIUAEIGA (Armad), ANUTEANSAMNNTITUAS

(o), ApauauAnUlaswasduns vl (0), daswnelaluiiia Ry, Sanguasvesnisadeudedidnaseu

VI95¥UU (ETRmar), d0dIU0980T1AA0UG16DIANATOUAIEARDENTIFUATIZNEIEER (ETRma/Amar)
@ a P < = ey S

wazdnIMelaBIaGIan (R ma) ANTLansuALRfY + SE Nl0a1n 3 91 (n = 3)

Hemp varieties

Parameters Auto Blues Sour RNA Early Sour Suver p-value
(Sandy) Seedless Remedy Haze
Seedless

85 max, MMOlH,0 m? s 7948 + 776  657.5+50.0 836.2 +56.0 856.8 + 98.0 ns
Ermax, MMolH,O m? st 82+05 73 +0.6 8.6+ 0.6 8.6 +0.3 ns
WUEmax, kmolCO, mmol*H,O 39+04 4.1+0.2 3.2+03 3.4+04 ns
le, pmolPPF m? s 825+73 922+ 182  99.0 + 19.0 77.0 + 13.7 ns
ls, tmolPPF m? s™! 1030.2 + 10185 + 916.9 + 9283 + ns

92.2 529 45.9 20.9
Arnax, UmMolCO,; m? st 442 + 48 41.6 + 3.6 36.8 £ 2.2 38.0 + 2.7 ns
a, molCO, molt PPF 0.061 + 0.059 + 0.059 + 0.061 + ns

0.004 0.001 0.003 0.001
0 0.75 £ 0.05 0.77 £ 0.02 0.81 +0.04 0.79 £ 0.03 ns
Rg, tmolCO, m? s 4.88+056  520+0.99 570135 4.50 + 0.72 ns
ETRmax, Mol e m?s? 362.8 + 53.6 3237 +227 2443+ 140 256.2 + 21.1 ns
ETRmax/Amax, HmMol e umol’lcoz 8.1+0.7 78 +0.1 6.7 +0.1 7.0+ 0.1 ns
Rl max, UmMolCO; m? s 11.6 £12° 109 +0.5% 7.9 +0.3° 9.0 + 0.7°¢ %

AadsluluIteuinumgs nusnilsuduliuand1sn9a@iflaedd Duncan’s New Multiple Range

Test

o o

** = uanansed1dldudAgneeian p < 0.05, ns = Liuananamieeadia

o

ad5U

9

NIROUAUDIVDINTEUIUNTHUATITILA DN gYasluszazn1siasAulan1satdu aeld

PPF mta1852A U39 0-2000 pmolPPF m™ s™ wudnlufigywavia 4 aneiug a1 A 1iiudusd1959m157

AUTEAU PPF MAiNUuluta9 0-1000 pmolPPF m™? s udufindusensinasidlossaunnnuidunaadng

U

v v
= ' = v

AUMIUA NTANTUYRITEAY PPF dawalvilinluilanasnntuuasen E 1iiagatume 1ngan Ana

Y09y wenia 4 aneiugiinieglugae 36.8-44.2 umolCO, m? s™ fe I Fadusedu PPF fivilvie A

q
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v
a = I

Windugean aglugag 916.9-1030.2 umolPPF m? s™ uawdflan I Fadusedu PPF fivinlilufiasy
duasigiuas (A=0) aglutng 77.0-99.0 umolPPF m? 5™ Taefyesiia 4 anesitug A1 ETR e/Ane o)
1939 6.7-8.1 pmol & pmol "CO, kagHAN R max 881U 7.9-11.6 pmolCO, m™ s Feszeua
Foamsuasitldannisfnuidunevaussdeuadundatanunsaldifuseiuirdadmiumsdamaa
Tumsugniywesiolula
AnAnssuUsEnIA

uAdslFSUuatuayun U3Eh #ile ovlname $1in ngldlasimannudiuiiolfouss
Wananeiug uazisnsugniyes veveununsatvayundudanuludadmumalulagdnm
WA @19NUUEANTENTINITRANANYT TNeeans ITeuasuinnssy Y8 oun e ue

walulag@inmnens imangrdeinunsamans dmsvaunsaluaziaiesdenlilunimaass uag

VUOUANUIEN File aelnana d1An dmsudiegaiy wazanuilunismaaes

LONEITB9D4
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