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ABSTRACT

This study aimed to: 1) design and develop a 3D animation on emotional communication entitled
“Close but Distant” for inspirational purposes; 2) evaluate the quality of the 3D animation; and 3) assess
user satisfaction with the 3D animation. The animation was developed using 3P principles, which consisting
of: 1) pre-production, 2) production, and 3) post-production. The target group for this study included five
experts and 100 undergraduate students from Chaopraya University, selected through Purposive Sampling.
The research instruments consisted of: 1) the 3D animation “Close but Distant”, 2) a 3D animation quality
assessment form, and 3) a 3D animation satisfaction assessment form. Mean and standard deviation were
used for data analysis. The results revealed that: 1) the content sequence of the animation was accurate
and consistent with the storyline. Character gestures, facial expressions, and movements were complete
and continuous. It was also found that images and sound expressed emotions well and the final animation
had a duration of 2.20 minutes; 2) the expert evaluation of the animation quality, overall, indicat ed
a good level (X = 4.35,S.D. = 0.54); and 3) the user satisfaction with the animation was at a high level
(X = 4.40, S.D. = 0.66).

Keywords: Emotional Communication, Visual Narrative, 3D Animation, Inspiration
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UNANELD

uidad el finguszasd i dszidunisvanudesfedounszandssanfredinu (CHo)
wazfwlunfasenled (N,0) Taufsiunmmiveusiand wivesesdnsanfanssumsdanisyaliidoinedud
Tdauds a vhiumdedddolufmiavays vssmalne nsvssidusidunislaeldisnisduimunundnnsves
Intergovernmental Panel on Climate Change (IPCC) waza1duuszdns nnsuanuaosainiuisedii sades
wan13dnwinudinisvandaes CHod e 1oy lurae 2576.21 - 2,674.97 keCHa uaw NoO g, Tut 2
2,596.22 - 2,813.88 kgN2O-N fio3u muadu Lll@W%Wimﬁﬁﬂﬁ’m%@dﬂ’]iﬂa@]‘ﬂaﬁ]EJﬂ’]‘liLSEJUﬂSuﬁ]ﬂVNMJJﬂﬁﬂﬂﬂ@\‘l
waldfi@nyt wudn N0 A 91% Tuvauedl CHe Al 9% n1sUanuans N,O figsiiaonadasiuguaut
vosyalififuTinalulnsaugauaranimndeumelunssyafioserinszuiunslunifiaduuasnulusi ey
Faduvesedrdalunisudn NOuenarnd a5y NOddnea1nlunisyildifnaizlansau
(Global Warming Potential, GWP) g4fi 298 \vi1v83 CO, vilwn1suandase N,O 3 nnesyaladnanssny
ogafifuddnsonisidsunlasaningiionnauazguainvesuyes wa msﬁawﬁﬂu‘ﬁaaﬂaﬁugmﬁﬁﬂﬁzgﬁm%’u
psAnslunsiavinUayd A3 sunszan (Carbon Footprint for Organization, CFO) wagldUszneunisuasusesaain
AU uinudefvuavesesdnisuImsdanisiiniounszan (esdnsumew) uie sun. uenani
nuATedalduivssTevivesaduussansnisuanddes (EF) Tunmsussiliudesdiu uasiausuuglifinisiing
Tusurasiil adavine (EF) f1amnzianzasnuaneiuglnuazyianainsvaniaes (na1eiunaznansiu)
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FAINITINNIAFUINDTY il u ANk U TunsUsdiukasINagnsn1sann1sUaeefitwis aunszanluy
nMavadndlieenadsdu

° o w s Qy I3 ¥ U % v ¢ s ! dy
Adfiny: Asuaunnsun anzlandeu nesyald nsdanisyadnd whiulnile
ABSTRACT

This research aimed to assess methane (CHa) and nitrous oxide (N20) emissions and to calculate
the organizational carbon footprint from activities related to outdoor poultry litter storage at a broiler farm
in Chonburi Province, Thailand. The assessment was conducted using calculation methods based on the
principles of the Intergovernmental Panel on Climate Change (IPCC) and emission factors from relevant
research. The results showed that CHs emissions ranged from 2,576.21 — 2,674.97 kgCHa per batch, and NO
emissions ranged from 2,596.22 - 2,813.88 kg N.O-N per batch. When considering the proportion of total
greenhouse gas emissions from the studied poultry litter piles, N,O accounted for 91%, while CHs4 accounted
for 9%. The high N,O emissions are consistent with the characteristics of poultry litter, which contains a high
nitrogen content, and the heterogeneous micro-environments within the litter piles that facilitate both
nitrification and denitrification processes, which are key factors in N;O production. Furthermore, given that
N2O has a Global Warming Potential (GWP) 298 times greater than that of CO, its emission from poultry
litter significantly impacts climate change and human health. The findings of this study provide fundamental
data for the organization's Carbon Footprint for Organization (CFO) assessment and for obtaining carbon
footprint labels in accordance with the requirements of the Thailand Greenhouse Gas Management
Organization (Public Organization) or TGO. This research also highlights the utility of emission factors (EF) for
preliminary assessments and suggests future studies to develop more specific (EF) based on broiler breeds
and emission periods (day and night). Additionally, on-site measurements are recommended to enhance
the accuracy of assessments and to develop sustainable strategies for reducing greenhouse gas emissions

in the livestock sector.

Keyword: Carbon footprint, Global warming, Poultry manure, Animal Manure Management, Broiler Farm

Ui

o

Joynrdud wrndeuidaldsuanuaulaialan vnlwusemasig o 5 unsendnuariiarudify
‘Lumsﬁﬂmﬁmmﬁ'LﬁﬂﬁuiﬂaﬁL{]mmaLﬁawﬁ%amNamswwﬁa%ﬁmmmLﬂuag:maqué wisludgmddayiilasu
arwavlaeghannlusneiife n1izlanfeu (Global Warming) dsflanmgudninainnisuanydesfimzeunsean
(Greenhouse Gases, GHGs) 91nAans3usA1e q veauyudog9reiiies A1sUuNANT Y (Carbon Footprint)
\Juiad osfled 1lunisussidunisuanydesdnnsounszanlugvesansusulasenlesiiiourin (COeq)
mawBsuutasningiionnauaznnslanfouinanmaiuiurestedounsyanluduusseinia fsdulughdu
naanAanssuvesuyue Tnslanizniamlndid eindseadaluningnaivnssuuaznisauuiaNyud 9
fmarsvoulasenled (COy) funumdrdglunisdnduarufouluduusseinia villigamgilangsdy

(Intergovernmental Panel on Climate Change, 2018) nsiUd suudasaningioiniadiilugnansgnuiu
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dunndeunatousznng wu Souds duannidn AefdAnissumnainianuguuss sufnisgydsainy
PAINNANENI9TININ (United Nations Environment Programme, 2020)
mamsinwasidudnvieuvasddguesnsvantdosinadounsyan edamansenudequainayud
ANNAINVAENINTININ @mmwﬁ’] qsumwau UareIRUszNoUTRIeINA (Aneja et al., 2009; Wyer et al., 2022)
‘i’jzywwé’wu?nLL’mé'anLLaxaquﬁmmﬁué’ﬂﬁLﬁmmﬂmimW5 Ton mMavanUaesuenlunde (NH;) wazfingiiounszan
wiu lunsaeenled (N0) wagdinu (CHa) lnesauuainiansinensidiusviinveusieonisuantasy NH; 1100
80% wasnsUanaonyialan (Wyer et al, 2022) nsdanisyadaiiluwnamdnvanisanuaes NHs, N2O uag CH
wadniazgniiulumanssuuuy wwu maneduildeuds Saduisdldtuitily Tnsaweluhfndsdiide
wmsAnwiigatunisdanuaesinaFeunszananyadaiazdnsdudunisundie wu msfnw
Tuaundnitnuhmstanudesuesluidonnnsdanisyalidenssl (Nielsen et al, 2022) waznsfnuduiiuany
dﬁqmm:ﬁmsﬂuﬂaaLﬁugalﬁﬁmaﬁiamiﬂamﬂéaaﬁw (Clemens et al., 2006; Lemes et al., 2023) LagANNgvas
nsneyalisinasionsuanudes CO, CHq WAz N2O (Dong et al., 2011) aealsfinny nsianwadngannsAnw
yumdnvideluosfiniseraviliAnmunainiedould eswngamgiuazmstanydssfialunsnesyald
gudnenadsavulvananinassunsuvualngldegrann nsAnwnisUantaseainnesyalivunelvg
wiyAupuimeiemeidauazmanaie Jainsfnutdesunniiannsaliddeyaifsafunanislanaosd
duiusivawnnasaliluaninmiugss
oy Fedmafivesinemsise (Research Gap) ﬁﬁwﬁ’zﬂua\‘iﬁmmiﬁmﬁ%ﬂﬁﬂizLﬁumi‘vauvﬂmﬁyuﬁ
ImLawwmﬂmiﬂamaasﬁ”wﬁmuuaﬂum%ﬁaaﬂlﬁvﬁﬁLﬁﬁmﬂmi{]’mmiyja"l,fiLﬂf@lum%mmm‘imgmEfléfamwmﬁ
Aosuazgiommiddulssmalneg uifhmandnlddlanasfisduegienais lnsemelulssmaddsinunegs
Uszinalny (Mottet and Tempio, 2017; FAOSTAT, 2024) Lm'ﬂé’uﬁmsﬁamﬁfeamnﬁiﬁ%agaLﬁ"mﬁ"ums
UanUdosfnmiFeunszanananuduiuuesunanesyaliluaniniiugis (field-scale) msvndeyaiiutiugily
Uiumamzvessendlned enavilfnisussinumsnisanddesfiudounszanainniauadalaasiiouanny
Husis wardwmasemsiaunagninmsannisanuaes neilifusyansam
nsuaeeinmseunszanusednannlunisilininnglannfeuaiunsaussdliulaainniseuu s
Aredounsranusassiafiiatusiaiennmsinuasuamieliedlusuvesiaiveulnsenledifisusi (CO, eq)
Tagldardnanmlunsinliiinniiglansouluseu 100 U (Global Warming Potential: GWP) ¥4 ICPP 9914
Seunszanfidifasing q TuniheAlansuansveulaeenledifioumi (KeCOseq) lngszygnsluianauagal GWP
vosusiazing Awansusulasenled (COp) grldidumrgiusnsdadionn GWP wirdu 1 luvaigdifodinu (CHy)
fif1 GwWP ag7l 28 uasfislunsasenles (N0) T GWP oyl 265 uona1nil A5 19TuaRIAT GWP 189
Mg ee3iunsiig 9 STfaﬁmqmdmm WU eI NgeelsAISuaY (Cofann) HA1 GWP 5811914 7,390-12,200,
lalasigoalsmsuan (CoHnFp) A1 GWP 581313 124-14,800, Fainasiangzigeslse (SFe) fiAn GWP 71 22,800,
wazlulnsiaulnsngeslsd (NFs) A1 GwP 71 16,100 Yayaein GWP (IPCC, 2014)
wnliumsUanddesimdeunszanluvssmalng Faduussmamdaiann danudegaionanszvu
MnNsasunlasanmgiionnia uazeglusududl 9 vesseimadifiauidesgs (UNDP, 2022) Usinanisudes
feiFounszanvesUszinalnetosndn 1% vesUiununisudesialan waziniidadsvedlanidefiansunse
wuszrng Tud 2561 mendsmududiuivdesfmiFounssanuniigavesuszinalne Aaduiesay 69.06
voanmsUdesuafivimun Ussmdlnedadmnefiazannisudesfiuidounssanasiosas 30 mnseduiinnanisal
1¥nnelud 2030 wavenaifinduieiosay 40 Ineduny funisatuayudiunisimun nisaienonmealulas
uwENunY waynsaisdaeuannsodifismenagifiutu venand Usemdlneazssnaneewehadiudiio
ussqumuneszezeniveanisannisuasefinwiseunszanaelul 2050 uaznsuassieseunszanansiluaud
elul 2065
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Ay MsAnwIAs Wl TR Ussasd i aUszidiums uaunans uanni1suanUas LG
fnglupsavenled nidifnwhsudedideluiminvays Usewelve diedudeyaiugiuddgdmsunisuinig
damsfieisounszanvetesing wavativayunisussaidhmnenisaansudesingiseunseanvesUseinasely

1Y

ngUszaeA
1) WieUsziufiteidiny CHs waglunsasanled N,O a1nnesyald vewhsudedniouimiddudmin

b

YAy
2) \ieUsziiumsusuransuviesdvasnsnianssunvassiwisaunsyaniuglvasiwasveulaoanles

Wiguwin COzeq
/N1

N3feilldunmameafwdeunsyanannealn Madeunsyanifnwiwavannalaun fedinu CHe
uazlunsaoanlen N.O WsdsnAmnuadnenmmsneliiianmglanioulumiig COeq voshsudeslniilownis
Tuiwmingays IneiruansauluIAnnsITeuansfanIng 1

mufiususudeya [ NTTILITUNA

mlanUaae
¥ . Y =
fanonlud N2O jaunT

-—
ECHqa =NxTxE (1) u-

* uwanmam AN IVarUdeeiine

FITDUNTY fnu CHyg uazlumiasenlen N2O

‘.WI 9 2 a5 . >
AHUBNTN * uammAMIAINATTUBUYINIYTY

leRifBu 5 i
ATIB U jumiueulasenledifisuin COzeq

D x EF)

AN 1 NTRUBLIAANITIRY

fAderhnsAnwinisudesfieiinu CHe uaglundaoenles N0 99nn1sdanisyaln Snsgmslunis
Funumsanuassiimuasluniasenledannesalildnenasmddeiifedesiunsussiiunsdesiing
Bounsrantnnesyaln wasmurndeyanisgdnniiedydvesfmdsdliideuimilsduimiasays wanss
M7 1
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P v a a o °
M1919N 1 5'31]3')&%9136‘1/‘!9]EJQ@Jm%ﬂuﬂ’ﬁﬂ']u’Jm

Y .- .4 WUINNNTNTIVABUAINY NGBS
VoyaNnenu (Secondary Data)  Hutasniun (Source) o
(Verification Approaches)

Suauln Toyaandiediyd 1) Wisuiflsusutuiinnsideasedrfures
(Accounting w153 (Farm Daily Logbooks) waziufinns
Department Data) sutd-dseanla (Inflow/Outflow Records)

ileBuduruaenndoswaaiiay

2) a519ERUANNATUAIUYeIToyAluLsaY
FRUNTAILAlWE VR INAAL JURAOAT IR
Anw

3) duawalif San1snisunendnarud
SuinveumstufindeyaiiteBusumnugnéies

Y9INTFUIUNTTUTN
sroralumiliss Toyaandie iyl 1) ArandeuANLAnAZDafUiMUANITIA Y
(Accounting IAveswhsunasiufinnsidudu-Auanseuns
Department Data) ARIRRN

2) aTvdeudtayaTreraNfgadmiunn
FOUNTHARTIVINNSANY

wmtinln Joyaandedyd 1) wWisuilsududuiinnsdedndnlngy
(Accounting fe819 viseteyatmiinlniadelieduansey
Department Data) N19L883 (Harvest Weight)

2) mmaaummauLmauwa%aﬂfmﬁﬂid
\WisuuengfiszymunsgIunnaiyiule
vosaneitugliiie
3) gouanudumeunsTuiiniiin uwayisnis
F el ni 1 lun i eUsvidunany
undefievesioya

1. fupeunsmuaiinumsanUdesinedaunsyan

msmuIniUsinamsUanuasefinEaunszanysasnm CHa wae NO annesyaln e fiiunsmudduiumeu
sasialuil Tnsl¥andudsgandnnsuanudes (Emission Factor, EF) snundnnisiilufisensuluszsuana uaziinis
Usssnanatoyariammadaelusunsa Microsoft Excel iiorugniasuazsinisalunisUssananadoya

1.1 m3dnnsyadad (neswaln)
1.1.1 mswinUSununsUanUdesingilvu (CHa)
U3maumsdantdesfinedin (CHy) dwduusarguniadssiuumuaunisi 1 Inglddoya
Frauln i sanarszoznanlunaid ssandoganfond uazdedeandudszdnd nnsanidesain
(Zhu, Z. et al,, 2020) uag IPCC (2006) Fauunastoyamnsguiliiuegraunsvanslunsuszidiunsuandos
fmiFeunszanananeauadnd suaunisi (1)
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ansn1suinisuanuasefnuiisnu (CHg)

ECH4=NXTXEF (1)
e Echa Ao N1sUanUasefineiinu (CHa) (kgCHa)
T fio srezanlunisiaes (Tu)
N Ap wulniides (7)
EF fio AduUszanon1suantass 0.02 kgCHo/M/U (Zhu, Z. et al, 2020; ICPP, 2006)

1.1.2 msmundsinamsuanlaseinglunsaeanlen (N,0)
msfuaiinunsastassinelundasenlas (N,0) suiunsifuaesuneundn dail
Tunaudl 1 msdurmBinalulnsiouiammn (Totaly) Tuyadnd luduneud Usua
lulnsiuhmuaditudisooninlngliusazjuargnéiuan Tnserdeteyasninisturielulnsiau (Co) dwiinld
1088 SEEEAINTIA LLaza"wuquldﬁu’wmiul,wiazs;u AuENNST (2)
gasnisinisuaaudasfinglunsaeanled N,O

Totaly = (CDxW xT) N (2)
e Totaly Ao Usinadlulnsiaustanan (keN)
CD A omsIn1stuansvedla 1.10 kgN/1,000 kg animal mass/iu
W A Yl (ke/dn)
T fie szavalumsiaes (u)
N fie smnuldlumsides ()

Yunaui 2: nMsAnnunsUanddesfingluniasenled (Evo) Wielde Totaly
NNYURBUN 1 W Usanainsuasides NO axgnAuiadaemsn Totaly meAdulszdvsnisuanddeefivansan
AUENNST (3) Ineo1989ANduUSEANTANN Zhu, Z. et al. (2020) wag IPCC (2006)

Enzo = Totaly x EF (3)
e Enzo Ao nMsUanUaselunsaeanlen (N,O)
Totaly Ao Usunaululpsiauniannn (kgN)
EF fin ArduUsEansN1sUanUaae 0.02 kgN,O-N/kgN (Zhu, Z. et al, 2020; IPCC, 2006)

1.1.3 msﬁwmmm%uauvﬂmw%uﬁ (Carbon Footprint, CF)

g ¥ P a2 ! 23 =) :; ! ! v

TupBUAATNgABNTTIINUTIINNTUaAUFREBITBUNTEANTIY CH, Uae N2O 1NUAALIU U
wUadlviegluguvesnsueulaeenlaniisui (COzeq) WisliansaiUsouifisunassiunald msudasiivillagnis
AuUTIIBuiaziangAdnenmlunsyiliiAnniglansau (Global Waming Potential: GWP) Tuseu 100 U &4
Lﬂuﬁ’lmmg’mmﬂ Intergovernmental Panel on Climate Change (IPCC, 2014) laglda GWP 483 CHq 1911110
28 uag N0 Wiy 265 deuandluaunisi (4)
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AAINITATUIUAITUBUNANTY (CF)

CF = AD x EF (4)
il CF Ao AsuaulnnIU (keCOzeq)
DA Ao AANTIU (AUBY Ecrs WA Enzo) 310 (1) wag (2)
EF Ao AduUsransnidnea nlunisnefeuisaunsean (CHa=28, N,O=265)

2. FanianazanuliiiuauraisnswasNadns

o

MsUseiiun1sUanuassfinesaunsyanae3sn1sAwIunNAduUsEanSnisUandasey (EF) $99911n

wazarliviueuunasymsiiesionsan dil

2.1 AnudunUsvasAndulszansnisuanudes (EF Variability): f1 EF fil4lun1seuans (0.02 KeCHe/
#/U way 0.02 kgN2O-N/kgN) L‘fJuﬂ'm1migﬂuﬁﬁﬁum%ummwu’%%’duu’%wﬁwamwaw Faoraldazioudsnuiu
wsvestiaduamsiuvenhiuiidnuldegisauysal 19y yinvesaeiuslifidednsanden, sULUUNTIANISYA
Influnnsinet, gumgivararuduluaniwgfoniasiwesiminsayifivdsustadluuas furdegq Jade
wehidudmasensruunsmaiuaiivarianmiinaniSeunsran

2.2 $asrfavasmsmuan (N,0): mskuaa N0 Mnaueluemddeilildsunddadeduanineinis
veUszmsegsaziden wu nanszmulaenswesSinaruseanudulueinaiiensdmwalinisuantaes NO
anasanafisuialle (Kamp and Feilberg, 2024) %aawﬁﬂﬂzﬂ'mwmamLﬂ?{auiuﬂwsﬂmﬁuﬂ‘%mm N;O i
UanUaouass

2.3 dnwnzdayayienil: uiriinisnsaaeuaugniewesieyanioniud uiteyaildantusioms

.u )
nMsuvemsiansvhsuenaiineasiBenlifismeninfunisiiuteyaUsugiseieiosdiefnlasnsedenadana
AoAuLiug1veswUsdITuedluaNNg

2.4 n15Us2dULY93ZUU (System Boundary): msﬁnmﬁa{qLﬁumsﬂamUﬁaafﬁ"wsﬁL%uﬂimﬂMﬂﬂﬁ
famsualdidundn Faduundsuanudesiidrd udlildaseunquundslantdesdu q fenaiatulurhiuliide
iy makAmemsdnd nislindenu videmsuuds FronafldnlumsieliiAnauouaniuinuvesihiy

ety maé’wéﬁié’mnﬂWiﬁﬂMﬂ%ﬂﬁﬂaigﬂﬂmsm'j%ﬂumﬂizmmmi (estimation) Mduluaamdnnis
wasgILang uissesiianaliudueuiiisanaruiuusvestadoiameiu datiuddsnusniuveanisiinu

meanulagasdusuanitaiiuauwiugvestoyaluusunvessemalng
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1. pwukansUssifiuasuuansus

msUssdiunsususrauiainmsUanUdosfiteiio (CHy) wasfinelunsasenied (NO) vasesding fufiunis
ALLWINeNSUSEEI YRS IPCC (2006) Tngldrdnamwlunsyiiiiiinnzlaniou (Global Warming Potential, GWP) Tu
59U 100 T 70 IPCC (2014) FalFun CHe Wi1fu 28 wa NO Wiy 265

a a ' & o o ) | | X s L s
My 2 uanmansusediudiinanslasUaesfinalivuasingluniaoanlesuusias Jumsides uazasuounangu
sullumbeasueulaeenlenfieuwin

U Usunumsdandes (keCHy)  USunanisuanddey (kgN,O-N)  Usinaunisuantdessiu (keCOzeq)

1 2,576.21 2,596.22 760,132.18
2 2,637.02 2975.12 862,243.36
3 2,629.19 3,029.63 876,470.27
4 2,636.77 2,710.18 792,027.26
5 2,567.52 2,556.49 749,360.41
6 2,674.97 2,813.88 820,678.36
et 15,721.68 16,681.52 4,860,911.84

2. nansuanUdesfineiiiny CH,

n1sAwnnsUandaesiigdvu CHs 3nneayalnvesluusazu Fatl 2,576.21 kgCHa, 2,637.02
kgCHa, 2,629.19 kgCHa, 2,636.77 kgCHa, 2,567.52 kgCHa thag 2,674.97 kgCHa ma1AY finsAnwnouniiuans
Tiitudn 14-51% vesaiveuduvidau (TOO) Tufagiwiuszninnevidendnvieyalrannsngnudesesnulu
$U199R19 CHq wag CO, giuussennia (Wang et al, 2015) laonsgaydennsuaulneenleddudlvajvesna
ms‘uauﬁqwﬁalﬂﬁy’wm TusefinsUanUaesing CHa o1aAndudnautioanin 10% (Hao et al, 2004; Mulbry
and Ahn, 2014) 3nvsdiaiivanetladusenisUanuassmaiinu CHs 1wy szoznanlunaiu (Manesliluldeuds)
anmgiona (gumgll Uuaeudu) udu (Pardo et al, 2015) aghslsfiniu foyaiisatunansenuvs
asAUsEnevvasnamiinden sUaee vl CHs veaneayaln Tussdugmainnssunisinuns madedlaidle Suedns
d1im

3) wan1suanUasefnglundaeanlyd N.O

aseuauinglunsasanlen NO mﬂﬂmgaldmaﬂmwiasiuﬁaﬁ 2,596.22 kgN;0- N, 2,975.12 kgN,O-N,
3,029.63 kgN,O-N, 2,710.18 kgN,O-N, 2,556.49 kgN,O-N waz 2,813.88 kgNO-N Gsnsiusallsitiuiadedisinasie
msUanddesingluniaoanlas N.O Womnlunmeiiiluanviennutulusmesilinisuanddesatsanasain
N13AIUIA (Kamp and Feilberg, 2024) lunsasanlas (N,0) ARTumUsIILTRlUAUR N T UL S TLATY
(nitrification) waw@ lun3aLATY (denitrification) lnglunsiinduroniseendinduresuenludeonluiulunsaly
anmwindexdifloondiau wavaulussfeduiensanluaseluufglulasiau (V) luannzlifeendiou lunda
oonlediumsseninmainfisoweanuluniiinduazidunanasyldanlusiiiaduiifrlnaenainiead
Pdunidludsauuarlufigafidngduussenia nidutadendniimuqunisifaujisenddeanunionves
Tulpsiauefuvsdludu
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A19199 3 M3aszvinanisyanyaesinailinu (CHa) wazlundaeanled (N0) a1nnesyaln laefinsanans

AL
Mg3eunszan {51 (CHa) lunaeonlan (NO)
gnsnsAuIUilYy Ecia=NxTxEF (1) 1) mwinvinadlulasiausy

Yunaiannald (sagw)

FILUSUANTNLNARDNAANS
(mﬂqm)

JodUNALALIBINAVBINITATUI

e EF = 0.02 keCHa/92/T (Zhu,
Z. et al, 2020; ICPP, 2006)

- AR 2,567.52 keCHa

- ANgaER: 2,674.97 kgCHa
Anadslnguszana: 2,620.28
kgCHa (3710 6 )

- finsnsganeimvesAlnalfeeiu
Tunsiariu

- $muuld (N) WWusudsdad
danalpunsesoUsniang
Uaniaee

- AdulszavnsUanUdes (EF)
Qﬂﬁmum’ﬂummﬁ

- madwalldan EF Al Feenalsl
agyiounuiuLUsI3siAna N
Padedu 4

- doyasvygumgf, Aruity,
F2EIAININAY, UazeUsznay
nea Juladuddny wililign
sulumssnlaenssehugasi
- Aderteuntiii CHe 1y
dnduiiosvesaiuouiigande

Totaly = (CDxWxT)N (2)

2) Auunislanlass N,O

Enzo = Totaly x EF
198 Engo = 0.02 kgN,O-N/kgN
(Zhu, Z. et al, 2020; IPCC, 2006)
- A6iEA: 2,556.49 kgNoO-N
- ANG9AR: 3,029.63 kgN2O-N
- AnaaslngUssunn: 2,797.02
kgN2O-N (311 6 )
- IANUAUNIUVDIATENINNTU
1NN CHq LBntiee
- Fwnula (N) dawasausunu
Tulasiautanun (Totaly)
- Fwinla (W) Bedminannds
Juanglulasiauuin
-~ szpvianlumsiaes Mm Baides
wubstuelulnsiauunn
- ons1nstuanglulnsiau (CD)
Juasiiifmuauiinalulasiou
fiduene
- duUszavisnisUantdos (EF)
gnivuaduding
- msmwuldlasiudady
anmwndeuiiduasenis
UanUane N,O 1t Hunnise
mnutuluenna Fie19annns
UanUansass (Kamp and
Feilberg, 2024)
- anundenveslulasiaueliuvsd
Tudu \Huladununudfuslals
Jusuuslugnsinnalaenss
- ¢ EF Wuspsiiuiieatiu CHe
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fesounsyan U (CHa) lunSaeanlan (N,0)
HogrdAydmiumTITunay - ANUAUEIUYIUSIIAMSUaRY - AMUAUNILYBY N:O Auaadld
ﬂﬁuauv;lmw%uv‘l CHa ﬁﬁwmmlﬁdauimyjmmﬂmm nfuUsisudounin Euauls,
wnsnwesiauliuazssorinan  vwiln, szesnan, snsdudie N)
Aodluusiagsy - N0 difin GWP gaannil 265 i1

- wildndrunisuaey CHq 9z tion Y93 COvMHUSIR N,O 7

WAFREA1 GWP 11 28 Whwes CO,  Uaadesiinansznuatannde

n9an CHadsdanuddnsonisan  AsuourmwauiTveshiy uas

m%vauﬂmw%yuﬂmmu Astdudhmaneudnueanisannis
Uaoy

A3UNANT5INY

Han1TITemsussiiun1sUanudesfineiinu CHs wazfglunsasonled N,O annaayaln AERGEHICEN
rdowimildufainsayd mednaldedssninsUanudosmudl ICPP (2006) wargnsldluntsduaalld
PINATNUIITIUNTTUAN 9 MnTTuthwadugnsdls insusuiefiszmednuamnsnefedounsyantu
nwasveulaeenleniisuin COeq Infdssranualuseu 17 Ae 7,550,537 dased wasinanun 6 JUN9
e Taogudl Jufl 189 Juil 6 S1uauld 1,237,263 61 1,266,464 1 1,262,704 & 1,266,308 1 1,233,068 52
way 1,284,690 F1 sudsiu lnenanisivewlaeanidu 3 Faii

d2uft 1 MamansUanUasefnaiinu CHa ﬁmsﬂawﬂdaaaaﬂiﬁ 15,721.68 kgCHg

d2ut 2 MamansUanUaseinglunsaoenles N,O ﬁmsﬂaﬂﬂdaaagﬁ 16,681.52 kgN,O-N

dqufl 3 nsmandneamnisneieiieunszanlunniisariveulaeenleniiisuin COeq 4,860.911
tCO2eq

o Y o o &
A 2 dndruvesieiiviu wazlusSaeenlan
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Fuhliwiyalifinesliluildwddinsudesfindounssanuinis 4,855.883 tCOzeq tun153deiliu
AsUsEiuNsUanUanefneiivi CHq wazlunSaeenlen NoO WigawAnansSULReI NI

2AUTEHANTITY

nnsfnwmsUsediufieding CHe uazfgluniasenle N,O waensuaamis uivasosdnslumiae
Wiguvn COzeq %Qﬂ’]iﬁﬂiﬁ’]ﬂ’]iﬂd@&lﬁ’]"’ljﬁ@uﬂi%%ﬂﬁ]’lﬂﬂ@ﬂyjﬁlﬂlLﬂumiﬁﬂ‘lﬂ’]ﬂ%ﬁLLiﬂ%@ﬁ@ﬁﬁﬂiLLﬁﬂﬁl WUIINT
Uanuaey CHq flAnegflugag 2,576.21 - 2,674.97 kg CHa Uz NO 0gflutiag 2,596.22 - 2,813.88 keN,O -N siagu
1y (0l 9) TnewdefinsandadiuresnisUanUdesfimiFeunsyanianuaainnasyalnfinestiluiildeuds
1gNaN1SANWI@DAAARINUIUITEUDY (Zhu et al,, 2020) Lﬁaﬂﬁwyjaiﬁﬁﬂaﬂ"ﬂuma”ﬂLL%’qﬁy’uéTqﬁmsUamUdaa
frwdnu CHe uazlundasenled N,O 9% wag 919% mudidu yalafugualulnsiou (N) g9 (3-5% vesiniin
wii9) agluguvaansngIn (CsHaNaOs) (40-70%) TUsAuluemsdnd (10-40%) 4138 (CHeN0) (4-12%) uag
wonluifloy (NHs) (4-20%) (Bhatnagar et al., 2022) ImEJa]3°'§uag'ﬁuﬂismmmmmmasmaﬁuﬁlﬁ (Nahm, 2003)
Buiinsuuiiyadritniviinalulanauganhyadeifeud e mederamen e nswuumsdesaaneySe (urea
hydrolysis) Tngtoulal urease #ifogluyadnt iutuneunsnilddglunavasululnnaudunisli iy
woslandlon (NHe) Faduansdsiundndmsulusafladu Nirification) mswd suweslandenlooou (NH) Uy
weuTaniloaloseu (NHs) eewuafli3engu Nitrosomonas wag Nitrobacter uiisfiluanmeiifeondiau flu
sTesy (Denitrification) (eondauuisdiu) madeu NOs lhu N Taedl N,O Wuasfanans Fufiaty
Tuan1izlioondiau 'luﬂawaidmumimﬁﬁ’ﬂ%ﬁamwﬁﬁ’u%’au Tnedduiideondiau (Auuen) wazduiinn
penfiau (Gl siliieannsfidoseraoanszuiunsndoutu uasilugnsantdes N,O gearlunuisei

Aeiliinu CHq AaflunSasanlan N,O
g 3'100 3,029.63
:I_:D<r 3'000 oo 2,813.88
é Q. 2,900 2,710.18
:g E 2,800 2,637.02 263677 N
% r-(% 2.700 2,596.22 2,629.19 R 255649
'% g 5 600 2,576.21 %
gE 2 ~
IE 2 2,500 ?/i
§ 2,400 %
i 2,300

fui 1 fui 2 fun 3 fun4 fun s fun 6

nsdedlalunsasju

A9 3 YSunaunsvanuassineiinu CHq wazlunsaeanlen N.O
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%'!am'«m'Eﬂﬁtﬁﬂmaﬂixmma?ﬁLmﬁaml,azaquﬁmmﬂ (Kamp J. N. and Feilberg A., 2024) mswUasuutas
AN AU BANALA DAUUN U WI A HANTEVIUA BANKINA B AN NLATEFNTITIANMVNT AL HaZN73
auremywd Luaamwmmmmﬂaamu:daw mmmLﬂmmmmmﬂlmua&mmmu Ly gy mmmauﬁm Yy
Avuas uazlwn aumwmﬂamwmmﬂmmuaawamaammwmmammamwaau inAanadsssenisided i
nnlselilfnse uarmsunsnszanevedsainide miLUaauLLanaquummﬂmaamwaﬂimuaﬁmmuamﬂm an
ﬁy’qﬂiwﬂgﬂﬁaiéﬁuqmugﬁﬁqﬁwmz@mm WU ANUEUNIUYDIVDIRUNN MIAMEELTLUTUTIL WAemITveves
mafigdiu (WHO, 2023) uonwilelunnuansenuseansfidiassfludsaumatounis fuaudssdenarounnsis
futhuiendostiuuuamiensssedn mssensssuarnsdusddldfianudssterudou Tsadnide nsindean
SIS UBRA AR TN (Arroyo et al., 2016; Ngo and Horton, 2016; Zhang et al., 2017) n1sUanUassing
1$ounszan lagany N;O mmﬂsjmwiumsmﬂﬂamaumm 298 111983 CO, ﬂa‘lmﬂmmaﬂimuamamuamﬂm
mamil,ﬂaauLLanamwmmmﬂ mmlﬂaﬂﬁﬂgmimamwmmﬂamm LLauaawaﬂﬂmmmaaﬁumwmawuwa W
Tnemsaarinedon saudassifiunnud oeoansingss el WHO (2023) wazauisesu q thfugnls
namsdnwluedsidmenddsaruduiudsindunsianisundsianUdes NO nnauadn] Tnslanzesnids
nnesyaln dslunsdifiannsaannsudesfeiion CHy wazlunfasonled N,O Idlasnisasedsnauyald 1y
s Whed vewinseiadenmsaauiiiulneians waenadesiunuideues (Kamp J. N. and Feilberg
A., 2024) Imaﬁﬂmnaq;&aidiﬁuﬁﬂfmLLfi]’qmﬂﬂaqyjalriLﬁasumm 22 ¢ Tusseziian 44 Tu lmensinnisuasenng
Tusedurhsuannesyalnfifinnsaquuazlidnisaqu Tneld35n153uuy Backward Lagrangian Stochastic
NANISANYINUI ﬁ'ﬁ“dLLUUm'ﬁ‘LJa'aaﬁ”wﬁLLmﬂsmﬁ'uafm%’mLﬁ]u’LuLLﬁiavﬁdNLaawaamﬁm Tnen1sudesfnalugid
a,Jmmauﬂama”l,ﬂmmwmwluimauammuamﬂm nsanasesNsUaseiwannisagunealniiiagsyning
92-95% dM3U NHs, 25-40% d1SU CHq wae N.O 82-89% uilauddeiiavidunsinundusnveesding uef
o1aiiteditn wu nislddusaninisuanudos (EF) m‘dummmgm Fapalalldazviounuiuusvostiade
amzduegrafiudl (9u vinvedlifidsseanden madamayaiams anmpdeoniafiunndaiiludasiu/gg)
wsamsfimsrman N0 Tulldfusuadeanutu

DGR

JoLEUBLUZANNATAN®EN

1) ArnsuanUassf1giinu (CHe) waglunsaoanlan ( NzO) aﬁﬂﬂaaualdﬁﬂmﬁulﬁ asalfidudoys
umuwmﬂmﬂﬁvﬂa‘umsmaﬁmaqwaLLawuu‘m Luaumsuaumwwmaqamﬂs AN U UAYIBIANITUSUIS
IANSATISaUNTEIN (BIANITUINTL) W38 BUN. (TGO) Lumﬁ]’]ﬂmiﬂﬂ‘lﬂ’]ﬂiﬂuLUUﬂi\‘iLLSﬂ’Uaﬂaﬂﬂﬂﬂumiﬂﬁlel‘u
wiaslandaeefineisounszananianssun1sinnisyata namsUszifiutiaztaeliesdnsinnudnlastnadnds
AenfuudinsuanUasefinadeunszaniiddey wazidudusniiswdulunsimundmaneus LINUNUNALNS
nsannisuassiwiseunsyanegeiiuss@nsnmluouian

4

e =)

2) mATeillduansliiiufasslomivesrdulszans nnsanUdos (Emission Factor, EF) Tunissuan
Usanaufedions (CHo) wazluniaonled (N,0) 1infanssunisdnmayaln TnefiseasBonuiuu dil
- UszlawiiuasAn Emission Factor (EF): A1 EF LunTesilonnnsgiuildfuniseensulussiu
ana Tnslamzogsdannaaznssunsseninaguiaindisnsuasuasanmgiiennia (PCO) Savibinmsunn
mylanUdesfedeunszaniimunidefeuazannsmillSouiioutunanisinudu o 1 venaini msldan EF
Feaglinisusziduliuunsuandasefisounssanainfanssunie 9 Wululdegrsazainsansuasi
Uszansam lnslangluanmunsaifiteyanisinniaasunilnenseisiianieliamsaduiunsld nisiien EF 9
Tfesdnsanunsaszyuazyianud-laldosndnauifanssla Aunsdidfenisdnnisyald) Wuuwndwanudesieg

[

Seunszaniiddgyfian Fududeyaswiuiidndudmsunmsiasanuumunisannisuaesinusely
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3

- s luusey ne 18 Tun153 avinU’'y g f 1915 aunszanvasasdns (Carbon Footprint for

v
[

Organization: CFO): n15l4@n EF ‘Vﬂ,mmﬂmmwuiwﬂwauammsm (Activity Data) L1 Snalafides vie
ﬂimmuaiﬂwmmsuu awm&J’L‘Maqﬂﬂimmiaﬂmmﬂimmm15Uamﬂaaaﬂwl,sauﬂiv%ﬂwmmmﬂﬂaﬂﬁmmiﬁmmiua
1ﬂVLG1E]EJ’NLL1J‘UEI’1 mLﬂumuaﬂﬂcﬂumiwm CFO Tnemadnsfiulandumieiisuvinnnsuveulneenlss ( (COeq) 931U
FoyadainaiililunisdavisnenunsanddesfiwdounseamesesdnailioTrgussasdnelu (Wu msdasauas
Uszdiung) uazn1euen (Wu sBuvemssusesn aun. remsiUamedoyaraasisae) GTfnL“‘fJumiLLamm’lmg:nﬁu
LaEANNSURNYEURBAILINEDUTBDIANS

v o s = gj '
JaLduauuraImsUNISAnEIASIFa Y

Javiandudszansnisuanlaesfinaiinu CH, wazlunsasanled N.O vewsasaiawuglnilonians
WaunAdulseansndiluiinnsdnvi wu nsvanvassluditiainansiukaznansdu
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UNANELD

MiAdeiingUsrasdiiean e omeeadaisuuudludAfiauguieszuviauiind dmsuveen
wavaslunamiziuda ieannszauvesnwnsnsniliisnmsmeenmdnfivdedeaduaamzidn 1y
madenlnddmivfuszneunsvideinuasns shlivihauldand waeiivssansamundsiu Ssagasandunu
NaWAn waziiunandn mMiRauedomeenudafivuuudilulfinuauiessuuiuwdnd duuin nie 50 .
817 90 w3, g9 60 v, Wanaunzidadis wuin 3ax54 wu. fifldiutesnns 50 vay Mvmeenwdndis 3 vuin
flo vun 2.5, 1.32, uae 0.84 uu. dmiunsemudaiivadluaimwiziudadiuiu 5 vie laun wdaaeu
Finnavien Azth win uazuiema wazeuamnsvureeiownelusunsy Festo FluidSim 4.2 Tagimuali
veanwanfiradluainnizan vauaz 1-4 wan dandmsuneenwdausazada 91U 20 019 530 100 010 WA
MIvnaevEenwanfia 5 viia fiiveenmEafivauiniie @ wuin 1) wanwaey Juunalnguazens deddi
vgeavLailug hmgondiuiugiiande 2.5 wy. 2) wiaazth dvuadnuaznay doddmeonvuadn meen
fusiugiignde 1.32 uy. 3) wandnniavey dvuadnuaznay dodldvimeanuuiadn smeeailusiugiigade
1.32 3. 4) widan3n dvunatdnuaziun fedldiameenvuialdn Waveend wiudiaafe 0.84 uu. uay
5) winuzndema Touadnuaziun dedlinsonuundn Faneafiusiugfianie 0.84 uu. MNNIVAAsTIVLN
300 A3 wud inTesmponudnfiviiruusiug 96% warlidaruAianaia 4% aunsovgonmdafivamn 1 01
(50 vigy) Taa1Uszanas 1 Wil wasmniteuiunsinuvesuyedldnassana 15 uii

Addey : Tfnd TUsunsudiaes FluidSIM 3ewmeanmaniis

ABSTRACT

This research aims to develop an automatic seed planting machine controlled by a pneumatic system
for planting seeds into seed trays to reduce the workload of farmers from the method of planting seeds by
hand into seed trays. It is a new alternative for entrepreneurs or farmers, allowing them to work faster and
more efficiently, which will help reduce production costs and increase productivity. Development of an
automatic pneumatic seed planter with dimensions of 50 cm wide, 90 cm long, and 60 cm high. It uses a
34x54 cm seed tray with 50 holes. It uses 3 sizes of seed droppers: 2.5, 1.32, and 0.84 mm to drop seeds
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into 5 types of seed trays: melon, lettuce, kale, chili, and tomato. The machine is controlled with Festo
FluidSim 4.2 program, specifying to drop 1-4 seeds per hole in the seed trays. There are 20 trays for each

type of seed, totaling 100 trays. The experiment results of dropping 5 types of seeds with different sizes
of seed droppers found that 1) Melon seeds are large and long, require a large dropper head, and the most
accurate dropper head is 2.5 mm 2) Kale seeds are small and round, requiring a small dropper head.
The most accurate dropper head is 1.32 mm 3) Lettuce seeds are small and round, require a small dropper
head, the most accurate dropper head is 1.32 mm 4) Chili seeds are small and light, require a small dropper
head, the most accurate dropper head is 0.84 mm 5) Tomato seeds are small and light, require a small
dropper head, the most accurate dropper head is 0.84 mm From a total of 300 trials, it was found that the
seed dropper has an accuracy of 96% and an error of 4%. It can drop seeds into 1 tray (50 holes) in about

1 minute, and if compared with human work, it takes about 15 minutes.

Keywords: Pneumatic, Festo FluidSim, Seed planter
Introduction

The problem in the current agricultural system is the lack of labor. The method of dropping seeds
on seedling trays by hand takes a long time to drop seeds causes fatigue and takes a lot of time to work
because the seeds are small. If people are used to drop seeds without expertise there will be a problem
of dropping too many seeds into the holes which wastes seeds and results in higher costs. The current
technology is a lot of progress and it is easy to find materials and equipment for building agricultural
machine. They can be ordered domestically to develop cultivation, save labor for farmers, increase yields,
and reduce damage from seedling cultivation.

The researcher has developed system of pneumatically controlled seed planting machine for
planting seedlings in seed trays with a width and length of 34x54 cm and 50 holes. This reduce farmers
working time and the cost of hiring labor, and to provide fast and efficient work. This will be a new
alternative for entrepreneurs or farmers who still use the seed planting method by planting seeds in
seedling trays.

There are many research which was shown papers in pneumatically controlled seed sowing
machines and the field of work in sowing machine to grow the seeds for this planting tray, followed by:

Kaewrat and Senpheng (2023) proposed that the computer numerical control for automatic seed
sowing machine to grow the seeds for this planting tray by TB6560 stepper motor driver board and Arduino
Uno and stepping motor for x and z axis. It was concluded that the accuracy of the automatic sowing
machine was 89.95%, the error was 10.05%.

Arteaga et al. (2020) proposed that automation of a seed on tray seeder machine to fully automate.
It can reduce the number of personnel by 50% compared to the manual method and can drop 87% of the
seeds, which is the highest efficiency when using a pressure of 0.2 to 0.3 MPa in the pressure pump.

Wang and Xiong (2023) proposed that low-cost fault diagnosis of pneumatic systems with exergy
and machine learning: concept, verification, and interpretation. The result is that multiple
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downstream cylinder faults can be accurately diagnosed with a single upstream sensor at a low cost
compared with pressure and flow data, the xerometer data has high stability and accuracy and is less
sensitive to various algorithms.

Szcze$niak and Szcze$niak (2022) proposed that fast designing ladder diagram of programmable
logic controller for a technological process. It presents a method of designing a sequential system, which
allows to create a ladder electro-pneumatic system. The ladder diagram consists of two parts: one part is
responsible for controlling the valve coils, the other is responsible for the operation of the memory blocks.
The signals that control the transition to the next state are the signals described on the boundaries of the
graph division. Synthesis of the control system and its verification are carried out using the computer-aided
program FluidSim from Festo.

Winarso et al. (2022) proposed that design and fabrication of automatic metal plate cutting machine.
The results showed the machine design has several advantages, such as faster production processes,
relatively less energy consumption and more efficient use of labor, thus increasing productivity.

Olubunmi et al. (2022) proposed that archetypal model of a breathable air-circuit in an electro-
pneumatic ventilator device. It was shown that the pressure platform in the pipe may not appear if the
ventilator evacuation time is less than 1.6 s. A 5/2 solenoid valve is considered the best when the flow rate
is constant. The prototype model of the pneumatic circuit developed in this research can be effectively
applied in the design of patient interface devices, especially in ventilators and neonatal incubators.

Yang and Li (2021) proposed that the research and development of a novel pneumatic-electric
hybrid actuator. The results show that the pneumatic-electric hybrid actuator has satisfactory movement
characteristics, including high speed, low overshoot and low load sensitivity. The positioning accuracy
is £0.01 mm with a positioning time of 2 seconds, which is better than the current pneumatic positioning

actuator and pneumatic-electric hybrid actuator.

Methodology

1. Pneumatic system

In the structure of any modern automation device, it is easy to see that there are many different
elements and components that coexist: electrical, mechanical, pneumatic and hydraulic. Pneumatic
systems play a role and have a reason for their development, as each technology has advantages that
make it more suitable for certain types of applications than others.

The diagram describes the circuit structure of a pneumatic automation system, from the
compressed air supply to the functional connections of the components and the dialogues related to the
interconnection of the components. In this structural diagram, all the steps that the fluid takes to start and

activate the automated system, machine or equipment are observed as Figure 1.
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Figure 1 The circuit structure of a pneumatic

Compressed air is an important component for pneumatic run on a compressor. Once the air is
compressed, it is sent to the user, the operator involved in the automation system. The power needed to

compress a volume of air at the discharge pressure is obtained by means of the following as equation (1).

N =Q X Pa x 3.5 x (r?8%2 —1) (1)
Pa Suction pressure
Pe Discharge pressure
r Pe/Pa (Pascal) Compression ratio

Q (nm*/s) Suction flow rate

Ql (m*/s) Discharge flow rate

Air treatment, the compressed air to be supplied must be treated to remove any foreign particles
floating in the air by means of suitable filtration and to reduce and stabilize the pressure, which in the
network varies to a lower and constant value than the value in the supply system, and the lubricating mist
and oil should be supplied to the moving parts of the equipment. The structure of the air treatment device
is as follows: Filter, Regulator and Lubricator.
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Figure 2 The flow rate diagram

These diagrams are useful in selecting the appropriate filter. If the flow rate requirement may
require a standard filter 900 NI/min with a working pressure of approximately 6 bar, increasing from the flow
rate axis up to the curve of 6.3 bar respectively, we can detect a pressure drop of 0.35 bar on the vertical
axis respectively. This means that during the absorption of the mentioned flow rate, the downstream filter
pressure will decrease to approximately 5.9 bar. Furthermore, the diagram shows that if the air demand
increases significantly, the pressure drop also increases and should become unacceptable at a value of

approximately 1 bar. In these cases, it is necessary to select a larger device.

Inlet pressure, (bar)
ET=t Tt I

Maximum flow rate for optimal functionality
0.20

0.15

0.10

W\ ?
\\\
| |
\
\
\
\
\
\
X

Pressure drop

0.05

50 100 150 200 250 300
Coalesing filter, (0.1 micron)

Figure 3 The coalesing filter

For a Coalesing filter of the same size, the flow rate will be lower due to the porosity of the filter
cartridge. Therefore, the indications described in the relevant diagram should be observed. For optimum
operation, the total flow rate and pressure drop values included in the area below the dashed line are
considered valid.
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Actuator, pneumatic components are the final part of the system that performs mechanical
functions and performs various operations. The actuators that perform other types of movement or rotation
are called cylinders. It is linear and moves in a straight line about its own axis, from the retracted (-) axis
position to the extended (+) axis position. The cylinder performs mechanical work by applying a force
appropriate to the point of application. The force exerted by a pneumatic cylinder is given by means of the

following as equation (2).

F=PxA 2)
F (T, kg, N) = Force

P (kg/cm?) = Pressure

A (cm?) = Piston Area

Another type of actuator is called run on produced when the pressure value is lower than the
atmospheric value and absolute vacuum is produced when there is no atmospheric pressure. Vacuum is
defined as the condition of a space free of matter or which contains only rarefied gases. The earth’s
atmosphere exercises on the planet surface at the sea level pressure equal to 101kPa (1.013bars). The
value of this pressure is influenced by altitude for example at a height of 3,000 m the pressure is equal to
70kPa. Atmospheric pressure is strictly correlated with vacuum.

The table below describes the conversions between different units of measurement and the

equivalent values for different values as Table 1.

Table 1 The conversions between different units of measurement

Vacuum
Vacuum % Vacuun kPa Vacuum mHg  Vacuum torr

mbar

0 0 0 0 0
-100 10 -10 -75 -75
-133 13.3 -13.3 -100 -100
-200 20 -20 -150 -150
-267 26.7 -26.7 -200 -200
-300 30 -30 -225 -225
-400 40 -40 -300 -300
-500 50 -50 -375 -375
-533 53.3 -53.3 -400 -400
-600 60 -60 -450 -450
-667 66.7 -66.7 -500 -500
-700 70 -70 -525 -525
-800 80 -80 -600 -600
-900 90 -90 -675 -675

-920 92 -90 -690 -690
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For example, if the air compressor uses 2 NU/sec of fuel when fed at 6 bar, the compressor must
be able to deliver at least 2 x 6 = 12 NI/min. The energy delivered by pumps is the product of the suction
flow rate and the vacuum level as equation (3).

Power = flow rate x vacuum level (3)
Vacuum level (bar) = vacuum level
Power (NI/min) = compressor power
Energy delivered (NV/sec) = flow rate

We can calculate the efficiency as equation (4).

Supplied flow rate
Consumed flow rate

Efficiency = @)

Table 2 The power is product of the flow rate and the vacuum level

Vacuum degree % [-K Supplied power
Flow rate [NI/s]
Pal [NI/min]

10.9 0 0

5.7 10 57
3.8 20 76
2.5 30 75
1.4 40 56
1.1 50 55
0.8 60 48
0.48 70 33.6

0 80 0

2. Methods

The methods of pneumatically controlled seeds sowing machines for planting seeds consists of
the process of simulating the movement and control of the pneumatic using the fluid simulation software
(FluidSim). The fluid simulation software (FluidSim) is one of the computer software for the demonstration
of the simulation of fluid flow, especially the flow of air. Festo Didactic, Germany, has developed this
pneumatic fluid simulation software. This software is a support program for the demonstration of the
simulation of fluid (air), especially in the pneumatic circuit system.
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Results and Discussions

1. Design and results process

The design process of the automatic pneumatically controlled seeds planting machine, the team
has divided the operation steps and methods into 9 steps as follows:

1. Start pressing the S3 Start switch to start the operation of the solenoid valve Z3, cylinder B,
moving the seeds drop head into the seeds box for 1 second.

2. Vacuum generator, Solenoid valve C sucks up the seeds.

3. Solenoid valve Z3, cylinder B, moves the seeds drop head up for 1 second.

4. Solenoid valve Z4, cylinder A, moves the seeds drop head to the seeds drop pipe for 1 second.

5. Solenoid valve Z2, cylinder C, Vacuum generator releases the seeds into the seedling tray.

6. Motor Z5 moves forward for 1 second to move the seeds drop head to the 2™ row.

7. Solenoid valve Z3, cylinder 1, moves the seeds drop head into the seeds box for 1 second and
sucks the seeds into the seedling tray in each row and repeat the operation 10 times.

8. The seeds box will hit the limit switch, input S2, which is attached to the end of the track, to
reverse the motor rotation and move to the starting point.

9. When the motor rotates back, it will hit the limit switch, input S1, which is attached to the head
of the rail. The motor will stop working and is ready to start a new start tray.

The results of design pneumatically controlled seeds sowing machines for planting seeds using
fluid simulation software are shown in Figure 4.
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Figure 4 The results of design

36

218a183N8IANENS DAINSSUANERS II




U 5 aliun 2 (2025) : n gju)ilﬁwnu 2568

I 0188183NEeIFEanNsS SFAIONSSUI
- UHIINENaesIBNnIag

I-n urnal of Science, Engineering and Technologyl
R 1 DEI RAJABHAT UNIVERSITY

The manufacturing process of this pneumatically controlled seed sowing machines for planting
seeds is as follows:
1. Making frame
2. Making the cylinder holders
3. Installation of a tube and fitting
4. Setup the cylinder
5. Assembly process
6. Testing process
7. Finishing
The result of the manufacturing process and the prototype of automatic pneumatically controlled

seeds planting machine is shown in Figure 5 and Figure 6.

Figure 5 The results of manufacturing process
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Figure 6 The prototype of automatic seed planting machine using pneumatic system

The result of percentage of seeds planting experiments with a dropper head size of 2.5 mm in

Figure 7.
Accuracy
100%
100%
80%
60% 60%
60%
40%

20%

20%

B Melon seeds ™ Kale seeds Lettuce seeds m Chili seeds ™ Tomato seeds

0%

Figure 7 The percentage of seeds planting experiments with a dropper head size of 2.5 mm.

Results of the experiment on dropping seeds of all 5 types, the size of the seeds drop head used
for dropping seeds is 2.5 mm Melon seeds are the most suitable and have a high accuracy of 100% because
melon seeds are large and long in shape, so a large drop head of 2.5 mm is required.

The result of percentage of seeds planting experiments with a dropper head size of 1.32 mm in
Figure 8.
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Figure 8 The percentage of seeds planting experiments with a dropper head size of 1.32 mm

The results of the experiment on dropping seeds of all 5 types, kale and lettuce seeds were the
most suitable and high accuracy of 100% because of kale and lettuce seeds are small, round, and light,
they must use a dropper head is 1.32 mm

The result of percentage of seeds planting experiments with a dropper head size of 0.84 mm in
Figure 9.
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Figure 9 The percentage of seeds planting experiments with a dropper head size of 0.84 mm

The results of the experiment on dropping seeds of all 5 types, kale and lettuce seeds were the
most suitable and high accuracy of 100% because of chili and tomato seeds are small, round size and light
weight. They must use a dropper head is 0.84 mm

Percentage suitability of each type of seeds to which size of dropper head is illustrated in Figure
10.
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Figure 10 The percentage suitability of each type of seeds to which size of dropper head

The results of the experiment on dropping 5 types of seeds at 3 sizes of dropper heads, namely
2.5 mm, 1.32 mm and 0.84 mm were as follows: 1) Melon seeds are large and long, they require large size
droppers. The most accurate dropper head is 2.5 mm. 2) Kale seeds are small and round, they require small
size droppers. The most accurate dropper head is 1.32 mm 3) Lettuce seeds are small and round, they
require small size droppers. The most accurate dropper head is 1.32 mm 4) Chili seeds, because chili seeds
are small and light, they require small size droppers. The most accurate dropper head is 0.84 mm and 5)
Tomato seeds are small and light, they require small size droppers. The most accurate dropper head is
0.84 mm.

The experimental results are consistent with the work of Kaewrat and Senpheng (2023)
who proposed a computer numerical control system for an automatic seeding machine for sowing seeds
in seed trays, using a TB6560 stepper motor control board, Arduino Uno, and stepping motors for X and Z
axes. It can be concluded that the automatic seeding machine has an accuracy of 89.95%, a tolerance of
10.05%, and can reduce the number of personnel by 50% compared to the manual method, and the
number of seeds can be reduced by 87%, which is consistent with Arteaga et al. (2020) The automatic
seeding machine has high stability and accuracy, similar to Wang and Xiong (2023) ; Yang and Li (2021) and
the validation is performed using Festo's FluidSim computer-aided program, similar to Szcze$niak and
SzczeSniak (2022)
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Conclusions

The development of automatic seeds planter for seedling trays with pneumatic system, the
researcher has tested the automatic seeds planter for seedling trays which can work according to the
intended objectives as follows: 1) The results of the experiment of planting all types of seeds 60 times
from a total of 300 tests. The operation of the solenoid valve and the movement of the stepper motor
moved to the correct position 100%. 2) The machine operation in planting seeds from a total of 300 tests.
The accuracy of this automatic seeds planter is 96%.

In conclusion, the results of the experiment on dropping 5 types of seeds at 3 sizes of dropper
heads, namely 2.5 mm, 1.32 mm and 0.84 mm were as follows:

1. Melon seeds are large and long, they require large size droppers. The most accurate dropper
head is 2.5 mm.

2. Kale seeds are small andround, they require small size droppers. The most accurate dropper
head is 1.32 mm.

3. Lettuce seeds are small andround, they require small size droppers. The most accurate dropper
head is 1.32 mm.

4. Chili seeds, because chili seeds are small andlight, they require small size droppers. The most
accurate dropper head is 0.84 mm.

5. Tomato seeds are small andlight, they require small size droppers. The most accurate dropper
head is 0.84 mm.

The most accurate dropper head is 0.84 mm, from a total of 300 tests, the accuracy of this seeds
planter is 96% and the error is 4%. It can drop seeds in 1 tray (50 holes) in 1 minutes, when compared to

human work, it takes about 15 minutes.
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ABSTRACT

This study aimed to enhance the biogas production potential from elephant dung using an
anaerobic digestion system. The case study was conducted at Ban Tha Dee Mee, Chiang Khan District, Loei
Province, Thailand. The experimental design involved mixing elephant dung with water at a ratio of 2:1 and
dividing the samples into four treatment groups: T1 (control, no molasses added), T2 (10% molasses), T3
(15% molasses), and T4 (20% molasses). Data on methane (CHaq) and hydrogen sulfide (H2S) production were
collected every three days over a 30-day period. The results revealed that molasses supplementation had
a statistically significant effect on CH4 production (p<0.05). Group T3 produced the highest CHq levels during
days 21-30, indicating optimal performance in enhancing biogas yield. Although T4 produced the highest
CHa levels between days 3-18, its performance declined in the final stage of a process. Based on peak CHaq
values, T3 exhibited superior performance compared to T4. The control group (T1) consistently yielded the
lowest CHg4 production. Regarding H.S, a general downward trend was observed across all groups over time.
Groups T3 and T4 exhibited significantly lower H;S concentrations than T1 and T2 (p < 0.05), with T3 showing
the lowest levels toward the end of the experiment. Nevertheless, H.S concentrations remained relatively
high across all treatments, which could impact on the long-term safety and durability of the system. In
conclusion, supplementing with 15% molasses demonstrated the highest efficiency in maximizing methane
production and significantly reducing hydrogen sulfide emissions. The results highlight elephant dung as a
promising substrate for sustainable energy production, with relevance to community-scale applications in

regions engaged in elephant tourism.

Keywords: Elephant dung, Biogas, Anaerobic digester, Molasses, Renewable energy
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ey 3enTswintiiiseAuyusl (Sawatdeenarunat et al., 2023)
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Kasantikul (2022) wagaudunulunisdninedinmseavyugu luusaznguiduiunsiausuiuiienn 9
2 Falas 913U 5 Grviengunnas Laud

T1: yada : 1h $nsrdru 2:1 Bidunintina (nguauem)
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Wivdayalugisszeziaainismingiu 30 1u lneiivdeyann 3 Tu uavluwiaziuiudeyauTuu
fing@animyn 2 alus Inedadndau (%) Aefinu (CH) way Anglalasiaudalils (H,S) wise ppm lngldiesesin
MBWINNLUUATATY BIOGAS 5000 (Geotech, UK) Lanasanni 2

mwii 2 maiudeyanisndaingtnmainyathaleeldinsesinfiedanim

ASAATIZAMSEDA

miLﬁ‘U‘J’JUi?ﬂ%@%ﬁlﬂﬂ’]’iﬁﬂw’]ﬂ%ﬁ Iaiudegnayatng s Thuvinivdl unalesanu Fwiaaeiiiorh
nsiTsuiisuseiuresnIninnafisinasensnanf1vTann ?Taa%laﬁ"l,oﬁ”mﬂmimaawzﬁmﬁmiwﬁmm
wU3UTIU (Analysis of Variance; ANOVA) AuKuN1sNaaadkuuduauysal (Completely Randomized Design;
CRD) waziUSsuiisuauunnsiavesdadelaald3s Duncan’s New Multiple Range Test lngldlusunsuada
d1593U SAS (Freund and Littell, 2000)
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TusgAUsg o WU nsdiunninadasanoUuIuia CHa agafifuddnymneada (p<0.05) uansfanIng 3 s
Ansesiviinas CHe wuuneiu Bidusuuuunmsinusesssuunsiniunnsiuluisiasngu Tasionglugieiud
6-15 Fadtardutanariisdunisiumluaudigsrosiindwiueganads madunninaluszdu 10-15%
dwalvigdunisiudmdsnuiivane vliansadsuarsioiuluidu CHy IdegnaiiussanBaim nau T2 ulfasd
nadumnimaiiios 10% wifaunsasanszuunavinlédnindueauny (T1) egrsdaiau uandiifududin
WuansaiundsmuiisudniesfannsotienszduszuuliAnnsudsuwlandanld Inglungunaassfids
nnthenanud Usina CHa ganInauAIuAx (T1) 88137ALaUNADATEELIAN 30 TUVBINITNARDS ﬁg\iﬁlﬂduﬁlﬁm
nmimalusnsiosaz1s (13) WS CHe gefigalugaetuil 21-30 uansfalssaninimgegaluniaidanisnan
f1eda0m v nau T4 15 CHe geviaalutaeiud 3-18 usduudlduanaslursvarsnismnans
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Tugaefudl 3-12 Uam CHa iintuedsraiodlunnngy Tasamelundy T4 fanunsondn CHy IdAu 60% o
Fuil 9 FaFrningudu vaugdl T3 awnsandn CHa IndlAssiu T4 uansfisnsnovaussiidvesqdunidumiluai
neiensiinniinalusedufiimangay (Sawatdeenarunat et al,, 2023) ngu T2 fiduniniiaia 10% usfaed
U318 CHq gendnnguauny uadinnding T3 wag Td egnsiiodndny saanansieatanisveaaes (Fufl 15-30)
nau T3 fansnwmsesiu CHa ldgean Tnatamsluiuil 21-27 Ssuandiifiufisanuafiosvesszuunistesaasuuy
lildeendauiifimadumnimalussdutiunan mma‘lmaum&ﬂuﬂauLwﬂuwummmmmﬂmammamm
Tnglsigndudannamensnviomsfivazan (Romaniuk et al, 2022) luvaueingy T4 ufunimia 20% uifas
$1An CHa gelugaediu (Juft 6-15) windufluuilduanasisans Tnewamzudl 27-30 wanafen1ig “Overloading”
mmasumuamaﬂuamwLLamﬂmaumaLwﬂumuwmuamaa (Kasantikul, 2022) agslsfiniu ngu T3 liwy
Hmdsnan wandliifuindnandunmiinaosay 15 L‘Uuiumwmmuawam‘lumiamiuﬂsuamamwum
AafesYeInsTUILNIVEN naweIUAL T1 SUSinal CH, Afiganasnnismaass (RABING 50%) wandlyiliiy
Tyathafissedraflnglifasadumdsny orsliaunsaaisaangivangausonissdnfietinmle esnn
aeRUsznavvesyataddnwasiduduloga (High lignocellulose) WA un3 g auna sansvouldd
(Manokhoon et al., 2023) 91nuani1snaassansaaguladn maduniniimialusedu 15% lasusuns
fiUsgAvs nmgagmlunisifinyTunm CHeanyadne eluudvesdmanfuazenuaiosvossruy Wothnanis
nasowmUTouisuiuTenutes De Vrieze (2018) Gafnwinsldfanaunadamiuanslindanugs iy thaa
y3194A3 uazmniena wud maduansiidariveugdushafivangauastisdaaiumaaiguenaunislundu
Ty Tnglaw1zngy Methanosaeta Waz Methanosarcina @silunumluniswdn CHs 91nan38un3ssvey
anvhe agslsfinn mnissnniiulvasdssalinanlasussse (VFA) avau wazandn pH aufaseduiidudanis
vhauvesqdunid Ssaenndesiunalungy T4 Anudyvinisnds CHe anasluradasnisnaaes iofiarsan
AadsresUTanm CHe eduailudazngumuin ngu T3 flenadogsaeludUamiil 4 (Fuil 22-28) Taodlen
1NN 65% uansdsuszansnwlumsinviaiosninessruuegseios Tusagiingu T4 ulfeiSudufningy
anauvdoifissszann 55% luduaigarine Seanunsnduiugiuldinnsdunindmalusedu 20% enaifu
arwannsslunstesvessruuildlunismeansil dswaliiAnnig Over-acidification Fudusunsnerogaunien
hademaidsundasanmzundon luduasugmaninsndn nsiunintimalusedu 15% fieindudani
urnnitan iefiansandunumesmmimadunandnfeiild Tnsaunsalinandn CHy geogharaidodaglsies
WBiuansUsvangaiisduviioulungy T4 fenasesldansiunsa 1wy ledeslumsueiun ie3nwA pH Feasiiiy
Fununiswanluszeren Tasameidessuugninluldnulussduasiseunioguruiiddeddaduninens
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PNUANSANINTHERMITINNAINYAT wuhdiltedrindrdgauesiuseneuveyatne lnglaniy
Usnaudulevenuiigann dadunasnainszuugesensvesinsidneglungudnifufiviisiszuugesemsuuy
nszaIeREInweive) (Hindgut fermenten) Tnefidldlvgjuay Cecum vunalngjfiviwiifigesduloaniivde
Au3d Aifszavsnmlunisdesaglassinidniifendes wu Yo dwaliyadredidnuasfidosaans
g1n FosordensUuanimidesiu 1wy nawIeude nsfuansia uiensmu audadauautu wiedield
sEUIUNSERsaaeIRntuldpensEiUsyAvEAN (Sukasem and Prayoonkham, 2017) Lﬁam%‘amﬁauﬁ’w“ai’aﬁa
waae Sadudniivndosiifiszuudosemnsfiaansoamoduleldogneiszansam wulmandn CHe 91nya
vosdrfiAsndosuiuulivguaziadosniiegnadaau 1uiduves Sawatdeenarunat et al. (2025) 3189711
yatamnsandn CH, leigefis 70-80% melutisnan 15-20 Ju Jauansfednenmiigeningatg uenanil ua
gnsfesdUsznevvesnfusularlulasiauiiauga iesnnemsansldfinislinuiveslnvusnssmmszosiay
AFeIN5Yednd dwalvinszusunsninduluegnafiuszansaiw yaansanusaidusdn CHa I ausidausn
vaan1sniin warlviranududuvesinglndlAesiugata (Cruz et al,, 2022) maﬁ’u%’mﬁ’uga%’wﬁLLﬂ%mmimﬁm
Uszavsnmldidernunisdanisivanzan wu T4 lunismaass uinandn CH Adauanauunltunsivioanasly
sp9r9M Teorainannisazanveadulefigesyn viligdunidviniauldanas ludiuvesyaliudfaws
asomsgslasianzlusiu windufidedidaludunuduiivesawenludediinannisdesaanslusiu 3
aunsadudinmalaiauesgaunIsinGn CHeld mnlifinismuauegnanunzan maviinyalaeinliondn CHe i
wazsvuuliiiaties (Song et al,, 2023) lngnmsiuusiyatazanunsadinndninedaninle widewIunseuIung
fanisuagUivanmilinnnitgaandafideandomieans Suandiiiuiedosindanaiauagdurulunis
sy mathludssgndlflussfumuaurieaauuseneumsass Sududesdinsnessuuiivanza Tagiawns
Tufufiffiyadeswauann WelinsuanfudaniniaUsslsnigeanuasduaidlufundsuuaznisinnis
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nsudnfeTanmangatadunildusumansianisveadeiiidnoniw iiludiunisansanssnusio
daundounazmsudsndsanunauny sglsinmy yathaldnvaziawsiidesaansldon dawalriresinisusu
szvuvinuuulfeandiay Werinussannwlunisndn CHy nildludladeiiddyiiaalunisndninedanmie
Snarduesyadn ot dudinalasnswionisdosaaonarnindefiedinn mniviinaveudgaiuly 019
hlugnsavauvesnsaduvisd Fuilsian pH anassuinanzdunseluszuu dwansenusionisvinuvesqaunid
Afunumddalunsudn CHe lumanduiu maszuuiinnudesnanniuly svilanssaduiianududus
danalyinananfiwanastuiy (Katuwal and Bohara, 2009) Bnvilsiadefiddnyfonisiasuundswdsnuiisiy
iesannyadnstiansueusiuazidulegs mmL‘Uumaaﬂsuaumasuaqammumi‘uaumaluiml,w (C/N ratio) n13ifia
mﬂmmammamwumﬂulalmmaq annsaiiiudn /N Teglutisiimnzaude 20:1 fs 30:1 Fsvaenszduns
mzyLmuiwuaaqaumal,l,aul,wuam’]msmam CHq (Gunaseelan, 2004) ludauvosgnmgiiuazea pH Sudutiadeid
waston1svhuvesaunidlngiamznguiumiluiou dsiunumddglunisudn CHe msruaulieglurag
Mesophilic (35-40°C) e Thermophilic (50-60°C) 1fuAsdndu Tagr pH Asogszning 6.5-7.5 Liteliaunsd
va1ulded1eiussansamuniiaa Tutas Thermophilic axdidnsinnsdesaarsansdunidldiianingag
Mesophilic ?f&ﬁﬂﬁmi%'ﬂmqqumﬁaﬁwLamaﬁmmﬁﬁﬁmmrﬁu (Angelidaki and Ahring, 1994) N1588nLUU
sruumsHAnfetanmanyatndsesdilaistiafomarieseseunnu ifteliausaifinUssansnimlumanan
1#g9an vonandmatannszuulidauifuasuararunsadnvguugildedraumngauastasatuayunisadn
winuazonluszAuyuuo ey

nan1sanwUSunufinelalasaudulig (HzS) anyatis
Talasvaudalimdufainiuainnssuiunstesaatsalsdunssnidamasidussrlsenau Ineadunsd

q
' v
=< &

§1m2n Sulfate-Reducing Bacteria (SRB) vintiilildsudaaliiu HS Fefrwuiintiinaidedosyuunaniie
Finmwazaunsal Wlesndgrdinnseuguazifuduneneguamuyudmnazanlud3unamin (Sreekrishnan
et al.,, 2004)
31T 4 wansuFuna HoS Tuniae ppm Mfinduseninedu (3 89 30) neld 4 @an1izn15Meaes
U3uas HeS fuwnlduanasegdaiiedunnngunaasadionaisuliainiui 3 Geiud 21 wansliiiiudn
C% A 1 a a 6l a a U U Yo a
nsvvunsndnusedeaaivansduvsdivseansnmlunisannisuass HaS anuaan nau T1 wag T2 WiAinsuan
H.S geianlunndiaian wagliuananeiunisada ngu T3 waz T4 WiaA1n1swdn HS 91031 T1 wag T2 agnadl
WodAgnn9adif (p<0.05) lngianizyieiun 24-30 &1 T3 SudAwnndi T4 egadaau wag ngu T3 dediigalu
#aneY393a1 lnglanizuatenisnaaed wansdsdnaninlunisannisuaes H.S ladfign annuaiila T3 F9e1ad
Sa o I a Y oA a a " < = 9 a =~
aniziiinalun1sdugainisiiin HS loegediusz@nann usegelsfimuusunn Hzs Iuizwmmuangm FILD
lalasiudalidslotaulunsndaysnuSensaiusdu fgvadansoulany ibiinviewseseuiduatiuuazy
nseuld wenanidadudunseseaunmmnganudunaiuiug msiida HoS senainfedinmisdinnud iy
PNUANIINARBINUAAIAININA 4 nUTTuNNYILIAeNTTAAIUTUIU HoS (ppm) ngu T1 TidInTs
AR HoS geiign sesasundu T2, T3 uas T4 auddu lnganizlugieiuil 24-30 nqu T1 Jsasdnwiseauan
iuduves HoS Iigenda 10,000 ppm vauzdl T4 aglugisinaniiussunas 8,000-8,500 ppm Fagliiiuiinisdnnis
Tungsl T3 wag T4 finasionsany3una HoS ldegwifeddy WeilSeuiisuiuniswdnfingdinmainyadnivie
au WU A1 H.S dineglutae 2,000-6,000 ppm (Boonyuang and Nirunsin, 2023) Tunsalvedyatig Fedianwoue
oA Ay e a v | o ey oy = 1 ' v a a 1 < oA
winfeilidulgasivinalusiutdesnid@miUnuieqns FdiunazneliAnusua HoS g9 egalsiniu Aviuansly
nsmlasamigngu T 74 H2S g9n31 10,000 ppm 91adliiuinfiesdusynaudufiibesenisiindaies gy
Tagavswlunsvdn visanmuindeuiaq uddngy T3 slvidnisudes H.S afiga uddmanadinegly
PR = B o = v o W o & a a ¢ A @ -y - s Y
siuifioingainiAmnsguivasadedmiunsldnuremadnnlugunsaiiniednsvianiseud lnevialy
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Aaendendsedliiiu 100 ppm dwsunisldeuluszuumnlng esn HS awnsadudanuledinaneiu
nsndaiinin dudlgnsinnseulaveageguuse iliiAnanudemeseviefing 1w wazgunsainswdalifiiena o
(Pudi et al., 2022)

14000 OmiQgr2QgTm3mTa
12000 + aa
a a a a a a a %{'

—_ & a a a a a b {:T: b
EW-J_E b b 'I":Ebb }:T:bb -:E} Eil: a a a a %J_E b .
g b b s Ahs . FE. s <
T 8000 |
2
@
= S000 1+

4000 1

2000 +

0
3 6 9 12 15 18 21 249 27 30

d333ulun1sdadiurmfing
Al 4 Usinasfielelasiaudulis (H2S) wde (ppm) autasiuiudeys

MnMIANIENMsanUIIn HoS lussuundaiadanm wuinslitangadunienisifuasiadiid
AuanTRamzlunsinduvdedsuuladamesliliogluguiinelian H,s Wuuuneifussanaim (Ahmad
et al, 2021) Fsldiis1onunes 2dI59s wazatum (2555) Insidenldanidsnmgn mie wagldnulslusysy
U lavinnsuseliulssavanmeuesiangaduriinig 4 Tun1sida HS anszuundafine@inimuuy Anaerobic
Covered Lagoon lagldiu3suiilouiangadu 4 Ussunm Idun dufusius (Activated Carbon: AQ), Indamdnl
WUN15USUaNTIN (Fresh Iron Shaving: FA), InFavsniuuanméensa (FH) uagdannansynIng AC iU FA (AF)
ioUsziliulszansamlunsanmnuiduduves H,s inulufediniw Aeuthgszuugady Aedinmilsan
sruulesusznaunan laun CHs oglutis 42.60-44.70%, way H.S danudiudueysening 1,080-1,403 ladnsu
dedng iofinnsaneimnududues HS wonsetanasnudn Aounisgedu AC Saunduduves HS 7 1,334
fladnsuredns FH 71 1,403 fadansusiedns FA 71 1,205 fadnsureans way AF 91 1,082 fadnsusedns auasu
ndsHunIEULNIRATY wuinTag FA viedndavanluuuanimiiuszansnmgsaalumafidn Hs lnsanimde
\fies 358 8 Siadnusedns Andudnsinisridagais 70.22% sosmaniotanuau AF (dufusiuisuiuindandn
Liu$uanm) Fsanmnsaan H,S aunde 610.7 fadniusedns (43.61%) dumsldauiufudifisseduien (AQ
anawnde 937.5 fadnsuriedns (29.729%) wartndaundnusuanndnensa (FH) fusyavsammehiian Tnsanldidies

e

15.37% nan1sfnwinanaauansliniuii Jangaduussanman lnsansdndavanliniunisuivann &

Yo A

Ananmlunisan HS lregrslivssdvsnmannnitfanuseunndu nisdenldTanmunzaniaiinanudiAyeenes

a
sala

lunszurunsdanisine@inin lnsangegegdununiinswiaieanyadainduuiliudes HS Tusedug
31NN5ANBIAINEIITNMTAaRUTIIN HoS Tussuundnfinedinin nuiniuinenaInnalswazasauARuiags
e Al kagdanm Gllvedunauisdsensiiaasiiansaniiuiuienisussyndldlussauiuivasnsdeosen
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Adeluaunen wiinslitndamdnliuiuanin (FA) asuanaussansnlunisgadu Hos Iégeian uitediin
Tusnunsdamuazamnudasadovesiaglanslussivyuvusinaduglassadidn wu amnudsduniainady
arugeenlunsinmandaimsling uasnansznusedunndeumninsazawveddaneminluszuy vonanting
naasafadinegluanzuindeniinuau Fensiimsussidiurnumnzauluaniunsaiasefienafitadoudsiy
wnnin egslsfinu Yymdrdgyinulussuuninfietanim fe HyS Faduffiviifindumsuguuse flqnddn
nJeuge wazdwaldssiogUnsainieluszuu 1wy viedefne dmiin waziadesdudaliidih sudsannuninueaineg
Fanmitls fedfu mamuauuazanmnan HoS dausfumsresnssuiunmavindaduuumaifiaud ey iy
wiveaszAvBamsruulagiuyumsiuiuamilusserem uwmmileidussansnwlunmsannisudn H,S fonis
Usuan pH ﬂuaaszuwﬁﬂlﬁaEﬂuﬂmﬁmmxau Tngqduvidngudain Sulfate-Reducing Bacteria (SRB) Saifung
QAUVTEVANTINGR HoS :uﬂLﬁ]imlmﬁiuamaumﬂummaau mnAflevvesszuveglussdumninfivnzan Qaunid
nauilarannsausiualdogunaiiuaskan Hos Tuuiinamnn manuaue pH Wegludaiimngausons
govaanauuulillioandiau Tnslamglutag pH 6.8-7.2 Fadutsimngaudmiunsieyeagduniondn CH
sztredudansasiiviaves SRB Iegneiusyansam nsldansusuanin wu Taieuluasusiun (NaHCO3)
visefiuyuunaziden (CaCos) Safunnmedfaidiesnuniierliiinnuaiosuazdestunmsifiudures Hss
Tuszuu (Larsen et al, 2010) uena1nAn pHUd? gaumglidadudniadoniefifinalnenssiensauvesqaunid
Tuszuumsin Tnevalunsgurunisminazdndunislugasgumafl Mesophilic (35-40°C) w38 Thermophilic
(50-55°C) %uﬁyasiamivﬁmwmnﬁu wnlutay eenslsfna SRB vnardnanunsaadaldlutisumgiiiuaunin
mﬂam‘mmaasvwlmmmmmaLLiJ'ﬁUiau AuNIdngu SRB ealasuauldiuseulunisudstu wﬂ,‘wm'ﬁmam
HoS W38 W n133nwgamn flaadilurefimane amuﬁuummamﬂmwmsaﬂﬂf\miﬁmm SRB uawLil
UsgAnBNIMUaInNTISWEn CHq Tuszuu (Chen et al, 2008) ludussduszneuesingiuiiiiingssuuniniduase
nsiasnAulnvesqaurEdiuiy Inslamesnsdnvesniuoudelulnsiau (O/N ratio) fmunzaumseylutag
20-30:1 Bsazmelinszuaumandinifeduldegauna mniagAvildduninalulnnauiedamingaiuly v
T sk Menalunisiaiauivlmnnduuasifiunisudn Hss Taguiidavougauarlulasiaus wu nmndiana
wwiin vidoredn Sumnzaudensldnuluszuumin esnistisananuduturesansieiuil SRB Feans
wazdsasunisvuresnguumiluau Tiiussansamuindu denaliuiunm 1S anasessfidoddy
(Lee et al,, 2014) azwiulaann1sAUANNITHEAR HS lussuunminiedininaiunsasiidunislariunisdanis
anmiandeuluszuvegwsoudu faludand dun n1seuguatfien W@amenin Tiun nsauaugamgd
wazdadinm laun n13dnassesdusenevvesingiuegramungan maaudunsaivasluynifegsaonndosiy
sgtrvanardsdlunisiin 1S iiununwvesiedinmindald andunulunisiitnasiy wagdnorgnsld
svesgUnsalluszuuminlsiognsdsdu damnniinisdesenssdrnuifmunsaunu H,S SaufunmsooniuUszUY
nsuifniwangay AagannsainuimaluladndsnudanmliAnussansamgaaluuiunvesiiufiiosdaes
Useielnesiold

A3UNaN1339Y

nandafiedanmanyadalaglddmifuunlionnia Tnsnisfunminialussdu 15% Wunsda
uwidsafusuivanzan Peduaiunsisiydulaveaunidumiluauldegndiuszansnm desalviuiinn CHa
dinduegaiifoddny venndnmsiunnimaiissdudosas 15 detasanUiina H,S Fuduavnveanaulsifia
Uszasduazanuduivlussuuntn nsAnwadaifsansnazuldinisldnininalussduiesas 15 Jadu
madenuilsivngavdmiunismafudnenimnisaaiedinmanyaddussiugusulazaniulszneuns
soly
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ABSTRACT

The objectives of this study were: 1) to develop an information management system for local arts,
culture, and wisdom in Ban Kaeng sub-district, Nakhon Sawan Province (MISLACWBK), and 2) to investigate
the effectiveness of MISLACWBK. The sample group consisted of 30 community and local leaders who had
used the MISLACWBK. The research instruments included: 1) MISLACWBK system and 2) a performance
evaluation form for MISLACWBK. The statistical methods used for data analysis were mean and standard
deviation.

The results were as follows. 1) MISLACWBK was capable of managing information on local arts,
culture, and wisdom. It could search and display the information conveniently and quickly. The information
was displayed in three formats: 2D photos, videos, and PDF files. In addition, the system provided
coordinates, routes and online maps of local arts, culture, and wisdom. 2) The effectiveness of MISLACWBK,

assessed across five aspects, namely, functional requirements, functional accuracy, usability, system

performance, and security, were rated at the highest average level ()_C =4.74, S.D. = 0.44).

Keywords: Management Information System, Art and Cultural, Local Wisdom
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wagnsanevenlasyana ddliifiszuunarslunisumsdansvlidanudsmarsysens Wy arudaudies
Toyya miawmwawaua Hymisumnaasndsvesteya uazilymsumsinnisuazamnuaiianevesdeya
uaﬂmﬂuawwamammmua Uivammwiumsmmwaua Faflarudfyluniseysng dunen uasinouns
AwSAsIAUTusTINeng 9 vesiuatihuuns

Hagtumaluladasaumaifiauinisfiadyinvhegsnid wasdundunumuazanuddyesng
wnlunsdidunuresianiasuazionty wazdsduualiudiwfunumddyuind sduluewan szl
s esdelunisdanisansaumnaliiiuluegsfiussang amiusaus n1swdn nssafu n1sdszanana
waznisiSenldarsauma msuandsunarldninensasaumasmsuiliiAnusslonisauiusg 1
Tnowaluladasaumeadundunulunsihianssusig q demalsednsamlunisufifau aunsadaiu
Foyalsusmamnn duduteyalditouazsinds Uszudanm aenndesiuamiasunlawesdsnudoyarnams
(Mws uazUian, 2563) Akunldinsdssgndlimeluladasaumelunansdu wu n1sfnw 53A9 n1sunmg
wazAUTULI Wudu (iudnans, 2567)

nanmdgmuazanuddndieiu auzdidulmduiunuddyvesssuvasaumeadmiuiunlidu
Lﬂ‘%‘laaﬁastuﬁmﬁmﬂWﬁagaﬁaﬂ’a’muﬁisuLLazqﬁﬁigﬁgwﬁmﬁu fuaviukng Sandauasassa sgnadussuu
FausnsdmfivtoyansUsznanadeya madenlduasmsundansaumalusluuuiiaonndosiudindoyatmas
wioduniseudnwal LLasﬁumuﬁaﬂi’muﬁsimLLa::Qﬁﬁiyzywﬁaq?{usuaw‘iwaﬁ"mLLfiﬂﬁmagj wazauliiAnA oA
wazyadlumsiaunBeiuilnesuauaunsatsndulunsiauauamdinldeseddudely

A5n1579%

mﬁﬁi’ﬂﬂ%ﬂﬁlﬂumﬁ%’ﬂL%Q‘Uivamﬁ (Applied research) Iﬂamiﬂsvanmriﬂ’fm’m%’l,t,avimmmiﬁwms
Warnszuuansauna $auiumalulad Global Positioning System i oWmuNszULATSALNALT 8N155ANTS
Aautausssuuasgiitlygviestiu muathuuds Smiauasanssd andurhnmsvssdiulssansnmmsldnussuy
ATAUWA ImaﬂmuQa%lmmmmsauLLWWIumsmammmm 1

funsIsAIY
daantsvesdld

ERIY

. N v
funisvinanld
fulsBasy AT auniniivas

sHUY

) o + A ¥ @ ¥ P
sTuvasAUWAaNMsIAnS Uszivsnmnslénuszuy fuauiude
= ar
e - o ATEUNALNONITIANTS msldaussuy
AaTansTsunazgiidyuviasiu > )
o a -
dvathuuis Swmdauasarssd AaviansTsuuasgiilyaifodhu

o » oW <
ATUAUTULNY JIUIAUAIEITIA ErudseAninm

WDITTUY

ArunsinwAy
Unsasvvasdaya

Tuszuu
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NN 1 sw‘umiaummﬁaa“fﬂmsﬁaﬂi’wuﬁismLLasQﬁﬂmmwﬁmﬁu FUAUIULAY TINIAUATAITIA
ANzE I LATALIA1U995NIRRIVITEUU (System Development Life Cycle : SDLC) (51U, 2562) waglavinig
Usziliudsgdngninnisldaussuuasauna aunannisiunanunIngensdnls 1ISO 25010 (Britton, 2021) lnedl
TeazBnded
1. UsEnsuasnguiiegng

119589705 Ae fihyuvy fuwiesduvesivatiuune sneiliesunsadssd Smiauasaissd
U 42 A

1.2 ngufee1a Ao fuyuau furviesduvesiiuatiuuns sineifiotuasarssd fminuasaissd

Y 9 Y
Yaa a

71U 30 AU Feauzy 3981935 n1518onnguR798 19U UVLA1EAs (Purposive Sampling ) (a5ayayn, 2565) lae

#sundenaniziyuey guiviesiu MaeesiuRauinusssuuasgiideyyviosdu duathuuns wagldau

v oy
v a A

sTUUAsAUINAY Safigsmeuazivminzaunsdnuuseansammsldanunussuuasaumelunssl Wesaniy
audladednangiifedewardolagnss
2. \n3asiiaflilunside

2.1 szwmiaumﬁLﬁaf-ﬁ’mmsﬁaﬂ’“g’muﬁﬁsmLLazQﬁﬂzyzywﬁmau FUAUIULAY TINTAUATAITIA

2.2 LLU‘UU':?::Lﬁuﬂssﬁw%mwmiwqmixwmiaumﬂLﬁaé’mmiﬁaﬂi’muﬁisuLLazqﬁﬂzyfgwﬁm?{u fiua
Uukng Jemdiauasalssa (Wddn, 2564) WuLUUABUNLLUULIATIEIU 5 SEAU %qmiaaaammmwmmm%ﬁa
FumLT Banse Tnefiansanainaafeidanudenndes (I0C: Indexes of Item Objective Congruence) 310
A3y Sy 3 v Iiedudiauaenndessiing 0.80 - 1.00 wariiasesimaimudesiu (Reliability) Ing
Hgnsdudszaviuaarh (oL Coefficient) ldeanuidosiulas iy 0.95
3. MswmunsTUVEauWAiTadansAaU Tasssuas ity vieiu duathuuisimiauasaissd

nsitaszuuliuUseendu 5 seoedall

sveedl 1 nMsauwulasenis (Project Planning)

Mnnsfnudeyafauiamsssuuasnidyywiosdiu sudimsuimsdams angidelinsui
Sruudadugusuiunivesilneuen uarlnd $3dTausssussmdiiduentumegisennumm wu nsvhiy
AuLNIUIUNDY N1TMEKIBlnaT 911TNIUBY 8111511l Ussindlenlnn Uszindlasnsiuduniueg
Uszndlduautausssulng waznmsusanie udy suadhuudadinsdadeiissasmiaiod uiumndutery
wazaudaussnilndtuimen weduundseying dunen wasiduundsFeus Tudwmesuimsdanistoya
AavTmusssuuazgidyy o uduazinisdafulivarsiiuentu uagnatsguuuy 1wy sULULIENATS
sUlnldAdvia udansedanszareegludyana msweunsuagnsanenenusdIazinsdauanadififis s
wSostufumnthuveny Aud Tausssulnidiuimesn uvsdnmewnsinlundeaiide waziuledvemieay
#199 wagmsanemenlasyana slsifiszuunandunisuimsianms desnaneideldinmsdnmanudululs
wAZVUATEEELIATUNTHAITE VLA TAUNA

szl 2 MRS (Analysis)

nmsUsTyNs Ay fihguvy uaziiviesduvesiuathuuds Sminuasaissd e Anwinns
Uimsdanmsdeyafauiansssunargidagviesiulutiogiu wassusuaudeanismeg vesszuvamsaumai
L AneITe LA Toyatana 1NN TIATIERANLABINTURISTULATAUMA kAL MUUTIADATINTIN
IneLann1y Use Case Diagram Wag E-R Diagram ﬁdmwﬁ 208y 3
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Use Case Diagram

Ui 5 aliun 2 (2025) : NSAAL Sud7AL 2568

<l

Hauasuy

E u = e = =
T:‘LI'Uﬁ"Iiﬁulﬂﬁlﬂﬂﬂ"l‘ﬁﬁﬂ"l'iﬁﬂﬂ"l'ﬂlu‘.ﬁ?iﬂ!!ﬁ:Qﬂﬂﬂluﬂlu"lﬁﬂdﬂl!

= s o
Auathuun ImiAuATAITIA

TRnTiayaniIavy
AailfanETa

Janstayalsean
AR TRmsTR

Tansiaya
AnlTarussnr

Aud
i e ) i
damsdayadud | =

uReriya
AaulYanmsnn

waRIiaya
Fudidmm

A7 2 Lang Use Case Diagram Ua938UUaNId@uULnA
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i U 5 aluf 2 (2025) : n

E-R Diagram
Culture_Type Culture_document
PK | Id type PK | Id _document
MName_type FK | Id_culture
Culture Picture1
PK | 1d_culture Picture2
Culture_Group FK | Id_type Picture3
PK | Id group el FK | Id_group Picture4
Name_group MNameth_culture Pictures
MNameen_culture Pictureg
Product : :
Latitude_culture Picture?
PK | Id_product
Longitude_culture File_pdf
Mame_product .
Village Link_youtube
Price 3
Province
Detail_product
=B District
Distribution Culture_details
Canton
j PK | Id_details
Picturel Date_data
Picture2 FK | 1d_culture
Picture3 History
Picture4 Strongpoints
Picture5 Weakness
Picture6 Product_Type Chance
FK | 1d_culture PK | Id_typeproduct Threat
FK | 1d_typeproduct / MName_typeproduct Owner

gy—‘nﬁ;\u 2568

AN 3 Lang Use Case Diagram U995 UUATAULNA

287 3 MILONLUY (Design)
Iihuvudasudanssnzaniannduiuudiassdenienmietlugszuuvnuais Tagyinns
sanuuuan1UnenssuvessuUaTawnALUY Web Base Application Architecture 89U UUNIUIUNTUTBYA
FONLUULDWNA DBNLUUBUNA WazoBNUUULAITeTBUmD T
szd 4 Msluld (Implementation)
sudunsiiamunszuuasaumanudildesnuuuly Tasldnrw PHP Wumdnlunisiann uasld
MariaDB tJussuudnnisgiudeya andunisvageussuvaisawnalaewyinisnadevesndu 2 du fe
nismageukuudan dadunismasoulnefudiaunssuuasauma Tnsmssasstoyauaran nuindondua
Mnduldvinimmnaeusuuiudn tngldvhmsiadsssuuasaumauy Web Server vmsiinousugldauaied
¥unfiigueu wasiiinfiesiu suatuuns Smfnuasarssd MAeates anduldnaaeunisldaussuy Tae
Aldnuasinelianimuindenass uaglddeyassdummaasy
svogil 5 N13U3s¥nw1 (Maintenance)
fufiunsuiuudszuumsaumanudelauouuzveslinu weliszuuiinnuanysoiuaznseau
AINUABINTTVRI LFU
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4. n15U52t A uUsEaNS AWn15 Y IUSTUUATISAUINA LN 9N159ANTISAAUTRIUSTSULAY
AUATIULNY JINIAUATEITIA

D
b=}
e

=

=
i
Se
(O]
Z
k)
=

GTWLﬁumiUizLﬁuﬂixﬁw%mwﬂ1{168'@’mas‘uumiaummﬁamﬁmmiﬁaﬂﬁ’mmﬁmLLagqﬁﬁzycm
Vinsdu sruathunns Smiauasanssd nglden Tagld “wuuasuanu” Fausznoude 3 neuldun
moudl 1 deyaniluvesdfUssiiiu Usnause e o1y sedumsang
poufl 2 AnuiuresUssliusioystavinmssuuansaumatsuseneulue 5 duldun
- AUATINUAINABINTVBLTTEU (Functional Requirement Test)
- frumsvhauldauniiinesssuu (Functional Test)
- AUANUNERDNITIINUTEUU (Usability Test)
- AUUTEANSN MBIV (Performance Test)
- unsinwanuUaensdevesdeyalussuy (Security Test)
noudl 3 \udelauouuzdug ensiauUiulssssuuasauma Tiusvansn et
5. MsAATIzvidaya
Az ITuldurlusunsuUsvanananisaddunldlunisTmssvidoyaniada Usznoude
nsmA1Ad (Frequency) $eeag (Percent) Aitadle (Mean) wazduldoaiuusnnsgiu (Standard Deviation)
(3157175584, 2564)

AlLadY 4.51 - 5.00 BN FEAUALARTILLNTIAN
ANRAY 351 - 4.50 PAUNYN SEFUAMUAALTILINA
ANRAY 251 - 3.50 PAUNYD sEAUANLAALTILUIUNAN
' a o ) a o v
ANRAY 1.51 - 2.50 PUBD YAUANUAALAUTOY
' a o ) a o v a
AnRdy 1.00 - 1.50 PUBD SEAUANNARLAULDE R

HaN133T8 UazIasalnan1sive
ne3seluaded annsoagunanutagUszasdiineld Tnofseasdondsil

1. nan1sWAILNsEUUASAUWAaT AN sRaU Tausssuuasfiyqiesdy duatiuuds Smdauasaissd

isuumsaummﬁ'a{fmmsﬁaﬂi’muﬁssuLLazqﬁﬁmzywﬁaqﬁlu AUATUIULAY TINTAUATAITIA
Uszneuse 2 @ 1dud 1) dumesipuaszuy annsauimsiamsdeyaiiiedesiuiayfausssunaz g idaan
vioau Fauszneulufedoyaussianinmsssy Teyanuanmy iansssu TeyarauTnusssunazgidyywioshu
Toyauszinnduduazuinamsdauiausssunaznityaviesiu doyaduduazuing snadauansssuuas
Qi¥ayaviesiiu waranunsagagudeyanuy Executive (Dashboard) Idegsazainuassansa 2) druvesldnu
vhlU aunsafumuasgdeyaaufansssunaz gidyaviesiu uasdeyaduiuasuinmsmedayiausssunazai
Jyayviesdu lednasninuassingy Imaﬁay‘aﬁaﬂi’wuﬁﬁuLLasqﬁ{]zyzyﬂﬁamﬁ'uﬁ'LLam%tJizﬂaUIUﬁw
3 sUuuy ldun awane 2 517 3ale Tid POF uazuansiumaian @uma uazunudiesulatvesfiaymusssy
uaziitayayviesiiuuy Longdo Map Solutions Fosvuvasaunaiiaansaldidueiedielunmsuimsinnis
WAZLHEWNS ﬁaﬂﬁ’muﬁsiuLLazqﬁﬂiyiywﬁaaﬁlu FruatIuLng TImiauaTalssa laegsazaan 0159
Tnggldansaldsussuvarsaumanugunsalldvainuaty Aawnsadeusedygradumesidnld
Feaonndesiunanisidovesdnuiiud (2559) 7 lavinisAnuiideis os szuugiudeyaarsaumausan
aitgrimussaniesdiu Smiagnasans Insssuugiudoyaasauman annsaussmduiusuasineuns

] o
a

AauTausnndtinvuusssuioudszindlviesdu Swinanssays lnessuuaunsadnanisesdanusivieg sunuy
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53 NYALYT

P Pl N 000/202

Yy winsdu

pd)}

= o Ay o o
AN 9 LLam\mmﬁlm(ﬂIaﬂaU’muﬁiim LLa&Q

2. wansusziliuszanatmnisldaussuuarsauma sdanisAaudausssuuazgidyyrfesiu
guatuuns Imiauasalssd

Az Teldinsussidulssaniamnnsidaussuvasaumai odans@au Sausssunas
T8y viesiu duatiuuns Smiauasarssd Taegldaud ddunguiryusu fiuviesdiu fuatuuns
WIAUATAITIA UTENaudie 789u18n09An1sUsMIsduiuatiuune axndnesdnisusmsdiuiiuatiuun
Muajvy angnssunisuaziaiynsnguiaissdufumitiuen uesaissd wasfdrdnimunnis eaiien

DIANITUSUTAIUAIUS VLAY 31U 30 AU HaNSUSEEIUUSEANTAINAILAIS19N 1 - 5

e D

el A
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A1999 1 szauanuAniuredldnuiidde Ussdninnnisldnussuvansaumaiiodnnisiau Tamsssuuas

niidyaviosdiu dvathuuns JminuAsadssn AUASINAINABINIIVBMLYTE UL (Functional Requirement

Test)
Nan1sUseilu
18msuszidiu = AMURUNY

X S.D.
mmamﬁasumszw’tumuﬁwﬁa;ﬂa 4.53 0.68 mnﬁqm
AnuasnvesszuulunsUsuUTIdeya 4.70 0.47 Wniian
AdansavasszuulunIsUsEINaNataya 4.60 0.50 Mﬂﬁqm
AsansavesszuulunsAumdeya 4.80 0.41 Mﬂﬁqm
AdanIavasszuulunsiLauedaya 4.60 0.50 mmﬁqm
ANNEINTaTeIsEUUluNTERNT 89U 4.53 0.51 mﬂﬁqm
\afe 463 051  aniign

A1999 2 szauauAniuYeldnuiddeussdns mwnnsldnussuvasaunaiiodanisfau Tausssuuas
niidyayrviesdiu suatiuune Jamiauasaissd munsviaulinuntiivesseuu (Functional Test)

Nan1sUsEIliY
518M13Us2AsIY = AIUNUY

X S.D.
mugnaedunsiiiadoya 490  0.30 1niign
Anugneedlun1suuuadeya 473 045 wniign
Anugneedlun1sUszInanataya 480 041 wniian
Anugneedlun1sAumteya 480 041 wniian
anugnaedlunsilauetaya 470 047 1niiga
ANLNABLlUNITEDNT BT 450  0.51 1niiga
1ée 474 042  anilga
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A139 3 szAuAuAniuYeldnunddeussdns mwnnsldnussuvansaunaiiodnnisfau Tausssuuas
niidyayviosdiu shuathuuns Jminuasadssd muanudesensidnussuy (Usability Test)

Nan1sUsEIY
F18nN15UTEE = AUV

¥ SD.
Anudglunsldnussuy 480 041 Wnitga
anunzaslumsosnuuumielnsnws e 473 045 wniian
ANUMNIZEaNTRINISIEEULMTRelnen T 4.60 0.67 wniian
AT ARSI T AN UL 90 480 041 wniian
auwnzaslumslifonnuiiiesiunederuming 4.90 0.30 wniian
anumnzaslumslddydnvalniogunmlunisdernumne 480 041 Wniian
1ée 477 044  aniign

A1399 4 szauauAniuYedldnuniideussans mwnnsldnussuvansaunaiiodnnisfau Tausssuuas
niidyayrviesdiu suatiuune Jaminuasaissd AuUseansnmvesssuy (Performance Test)

Nan1sUsTIaTY
518M13Us2AsIY = AUNIY

X S.D.
ansilumsifindeya 470 047 1niign
anusatunsuulgsdoya 4.53 0.52 wniian
anusilunsUszianadeya 4.60 067 1niiga
anustunsfumndaya 480 040 wniian
anusTunmaiiauedeys 480 040 wniian
anusiluniseensieu 480 040  niign
1ée 470 048  anilgn

A15797 5 srAuaruAniuresdldnuiidse UssansamnisldnussuuasaumaiiodanisAauTausssuuay
nityayviesdiu suatuuis Jmiauasassa mumssnwanuUasasisvesdeyalussuy (Security Test)

R nan1sUszIliy
518M13Us2ANY = AIUNUY
¥ SD.
nsasIRdeuaAnsvesldnewdldiuszuy 490 030 WN1gn
nsivueavsnIsidnussuvvesldnuudarseau 480 041 WN1gn
bRl 485 035  winhgn
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1NAN5199 1-5 hananan1sUseiuUse NS AInNS TN UsEUUaNSAUW AN D IAN1SAaU TAIUSISULAY
niidgyaviosdiu dvathuuns Jmiauasanssd 5 au laud musswnuausienisveldssuy Aun1siny
TAUUTNNVBITEUY AUANNEABNNSITNUTEUY AUUSEENTAINVDISEUY kaTaUNSSIwIANUann8v8d

Hoyaluszuu Inesmadseglussdusnitan (x = 4.74, SD. = 0.49) sisiidosmnlddnuimunssuuansaumna
PILR9AINIRALITEUY (SDLO) Tnefinissniiums 5 dunou Tdudnsnesm n1sinsed niseenuuy msvily
1% waznsthgesnw aenndesiunanisiduveanasdia uazgnans (2566) Alsimunszuvansaumausy iimans
favy Yausssuuaznd Uygyrvosd uresnquudnusludiminuasarssd §wanismiuszdnsam
YDITLUUATAUNEY 114 3 §1u Usznoudiedunisnssaueiudioansvedldssuu frunisvihauldauitedd
¥99530U waziumudiesonslinusuy Tnesmedsegluszduaniign (x = 4.81) aenadesiunaiduves
uuniunt (2564) Aldimunsyuugudeyaiamsssuiesiu luwndmiauuny3 lnnanisusediussuy 5 sy
Usznausmie fuANaINNsatun1sINUALANAINTveIdld Aunshonuldnuidunuvesssuy fu
UszaviBnmuesszuy suanudeienisldnusyuy wassuaaasndtlumsldszuu Tassmadseglusedud
10 (x = 4.68) uazaenndesiunaivevesaigaual (2563) Aldimunssuasaumamagiimansaduayunisviny
131 AauTamsssugnuilsuy? Inonan1svmussansninaedsyuuansaune 74 5§ dsznavdedunsvinnu
Iamuilaidunuvesssuy MUNMINTwNANLABINIYeIlissuy MmumssnwinnuUasndevedeys fuam
fesonslinuszuy wassudssansamnslinuszuu Tnesmedeeglussiuin (x = 4.01)

ofimsannansUsifiulssansammsldnudusesu wui sumsinmanudasadvesdoya
Tuszuu (Security Test) siwanisuszifiuuszansamnisldauanign nansussiduedsogluszduunian
( x=4.85,SD. = 0.35) fuiliosnszuvasaumainisivundvdnslfnussuvasaumavosldidu 2 sefy
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wady 4 Uszanlse ldun Tsalulndfannuuaiise selulwsiarnidon lsalugedinia uaslsaladailng
s?fﬂLﬁuﬁqm‘z]”aaglaaaulaﬁmﬁﬁmﬂuuwamm{m Kaggle Dataset naaesnle 3 lasewsUsyarmaion laun
1) InceptionNet-V2 2)MobileNet-V2 wag 3) EfficientNet-v2 A f1n15Us Ul /280151 uosd Usznauot s
Squeeze-and-Excitation (SE) blocks Lﬁat%'au%:mméwﬁ%ymamias Channel 1% Tnesta 3 Tasedeldmaassiv
74 2 gadoua Ao yatoyai ugruuazyadoyafi dn1siasutoya §9n13vAa0s Train uag Test luing
377U 20 epoch Lag 50 epoch aﬁﬁﬁiﬂﬂumﬁmeﬁ%’a;&aiﬁud Accuracy Precision Recall wag Fl-score

anmsiaTsnakasIsufisuUsynsnmlassneysramitenlumssuunlsaludifauuuldfvees
maaiudeya nud Tumadimuaunsovuelseludnlddndlueaiugiu (Base Model) #a 3 Tasstne Tng
Tnsstnguszamifiouiliainnugniesgaan ldun EfficientNet-v2 lunsnaassuuulsifinsiadudona e
Accuracy, Precision, Recall waz F1-score muansiu feii 92.60%, 92.75%, 92.50% wax 92.25% warlunafiinig
wsudaya (EfficientNet-v2 + DA) iriaugnaadlunisiuwunlsaludil ladn Accuracy, Precision, Recall wag
Fl-score AUEU Rail 95.50%, 95.75%, 95.75% uay 95.75% Fnanisnnasdluasadaoinlunadiwmunil
UsvAnsnmintlamaiugumnnsd
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ABSTRACT

The objectives of this study were: 1) to develop an artificial neural network model for classifying
rice leaf diseases, and 2) to compare the performance of the models trained with augmented data against
those trained without argumentation in classifying rice leaf diseases. The RicelLeafBD Dataset, consisted of
1,555 images divided into 4 disease categories: bacterial leaf blight, fungal leaf blight, brown leaf spot, and
tunggro virus, was used for this study. This dataset is publicly available on the Kaggle Dataset platform.
Three neural networks, namely InceptionNet-V2, MobileNet-V2, and EfficientNet-V2, were experimented.
These models were modified by adding Squeeze-and-Excitation (SE) blocks to better capture the
importance of each channel. The experiments were conducted on two datasets: the baseline dataset and
the augmented dataset. Model training and testing were performed for 20 and 50 epochs. The statistics
used for data analysis were accuracy, precision, recall, and F1-score.

The results of model development and comparison of the efficiency of artificial neural networks
in classifying rice leaf diseases with and without augmented data showed that the modified models
achieved higher performance in classifying rice leaf diseases than the base models. Among the three
modified models, EfficientNet-V2 achieved the highest accuracy. Without augmentation, EfficientNet-vV2
revealed accuracy, precision, recall, and Fl-score values of 92.60%, 92.75%, 92.50%, and 92.259%,
respectively. With augmentation (EfficientNet-V2 + DA), the model achieved 95.50%, 95.75%, 95.75%, and
95.75% for accuracy, precision, recall, and F1-score, respectively. These results indicate that the developed

models performed better than the base models in all cases.

Keywords: Classification, Data Augmentation, Neural Network Architectures, Rice Leaf Disease
unin

tnfoduiinasvgisvemarsussmaluginiaieidens fusenidedld lsaiiiatuduin Tuin uie
599917 Randnd1nanas 20-30 % (Ahmad et al., 2024) Uszwalnedadulsewmenuensnssunisuandidu
vilsluAanssmdnmaasegiavessema Ssfienudidysemnuiunmemsuaz neldvesnuning egaalsh
au Jgymddyidsnansenudenandnuazauainvestndenisiialsanieg vulud1n wu Tsanuluwsis
Tsalntross lsalugadihnia Tsaveuluusts waglsaludelusauas .udu Slsedmiammifenngdunidvany
¥iln Iiu 1o wuaise lhia wavldifeuleosdedsmanssnusdetiidutsinauazamnw Tasnmelsanly
whiAnandeslulsunmeaniiovesseme Fyan3mi wazaae, 2563) uarlsalulnfanidos (Rdnuel way
A, 2567) Femnlsianunsansianuuazdnnisldesaiuviied e luganudevneesnaguuss (Spadaro et al,
2020) Tutlagtu welulagganUszivg Insanglaseneuszainiien (Artificial Neural Networks: ANN) a5y
anudnegraunsvarglusiunisUszanananinuagnsduunyseinn esanflanuannsalunisfouan
Foyanmduuinnuaraunsafsdnvazianizvadlsaanamludialiegiaudug egalsinu Tassieszam
Wisniivaneguiuu wWu Convolutional Neural Network (CNN), Recurrent Neural Network (RNN), uag Multilayer
Perceptron (MLP) ausiazuuuiigaiiunazdodidnfiumndnafulusuauusiugy mnudilunsussanana way
Anuasalumseuianuazianzvasioya (Chen et al, 2020) uenanadunisidenidlaseieussamiiiey
Amngaufuusziananuudtadesiuduiuvestoyaluyadoya (Dataset) AiisanenainuatsazyioLiia
Uszansawnnsvinauvedumalunsinlias duld feannsAneanuisoues Rimi et al, (2025) Al4iduluna
gy wui Snsusuluealunisvessaduuuy Light Model vnlwansiuaumsifived Tumafivuadnas
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(Minaee et al., 2023)

ol AT Tagusrasdiileiaulunauasiouiisulsyavs nmveddassieUsyamitonly
n1sdunlsaludiuuuliddnisiasudeyauaziinisiaiudeyaannyadeya RiceLeafBD Datasets 9nUszine
tananmanivszinnvestsaluimieutululszmelne (Kanjanamaneesathian et al., 2009) wigiuauamluyn
Toyadafldrulesifeiaamlannaswnenmsiaiudoyaitefumlunaiivinzauuaiiussansnngaaeluns
Smunlsaludnuazannsniluvssgndldlunsiauweuniiedunrionuiuinunsdaaies elusedunuide
waznsldauaidlumeau lnsradnsannisAnuiasdulsslovidenmsimuieissfioniossuutowmdo
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A 1 nsldnudyanussfvglunisnens

LPNAITHAZINUILTNYIVDY

1. TassdnsUszamidien (Convolutional Neural Network: CNN) lasstnguszamiftoutugnaenuuuanlifiinig
yaundetuanesoaysd Tnonsheudemdmedasdelsramisuiudnhegesfivhnuadetumad
Uszamueauyud 139097 Node 89 Node aunsnsandafudiuuniafosiadudu awonin Layer lnoustay
Node asﬁ%y’umauﬂﬁv‘hmuuﬁmﬁﬂﬁmm Layer LU Input Layer, Hidden Layer wag Output Layer Hudu
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A"‘L A"‘L Output 1
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and 2 aondnenssulasengussaniisy

2. 1A59918 InceptionNet 138 GoogLeNet 1Julasageussamiisnwuuinfiwauilag Goosle dmiunis3an
alaedadadausnlul 2014 lunsudedi ImageNet (LSVRC) sﬁﬂﬁﬁ;m@iuaeﬁ Inception Module 3357075
Uszunanaa1NnaneIuInues Convolution U 1x1 3x3 5x5 kag Pooling ma’LmaLﬁ@%LﬁmLﬁaTﬁ'lﬁﬂm%uiﬁ
na1nraie Tnedinsuszansaimnisuszaranaliinumaianisandfinag 1x1 Convolution vinlaiusaduwun
sUnmlFegneiusyAnsnings sisil InceptionNet léignimunseiilomaneu 1w Inception-v2, Inception-v3 uaz
Inception-v4 \ieifisAnausiuguazanaududouvedlinng (Szegedy et al., 2015)

3. Tn39918 MobileNet \§uaninenssulasegieuszamiiondivmuilag Goosle 1l o335un1sUszaIana
vugUnsaiifidedrdnsunineins wu aundvlu Inefigaidudienisléinaiia Depthwise Separable Convolution
Farvansraumidwesuaznsiuinegandedisuiu Convolution wuusaiiy ililuaafivuaidn
wazsaniad ulnedinsuszansaimlunissiuunguniwldd MobileNet Ssfiwis1fiimesAiUsuauald 1du
Width Multiplier uaz Resolution Multiplier Ll el¥glamnsadenaunaszninaninuiiuazanuusiuglamy
AMUABINNS (Howard et al,, 2017)

4. Tasedne EfficientNet \uaniinenssulassiisussamifieniuu Convolutional Neural Network fiwaiunlng
Google 1ud 2019 Tnawfunsifinuszansamvesluinar uuuifn Compound Scaling sUsuaudn (Depth)
AuNT (Width) wazanuazidenvesnin (Resolution) lunfeufusgsaunaununisvereifiesdiladanis
danaldf EfficientNet famusiudigelunssiuunsunm luvazilinsimefuasndszinanaiosninjunou
%11 19U ResNet way Inception ag1aiidudAey Ine EfficientNet-BO Qﬂﬂ%’]\‘isﬁuﬁ]’m Neural Architecture Search
wazveeilu EfficientNet-B1 1 B7 ifiesessunislénuiivannuans (Tan and Le, 2019)

5. mawasudaya (Data Augmentation) Ao wadialunszuiuns W3sudeya (Data Preprocessing) l#1unns
afdeyalmianndoyaiifiey Wieiuuiuudeyaiinaou (Training Data) Wanntu Tnglideafudeyaluiaiaq
waidaddouuinlusiu Machine Leaming Tagianiz Deep Learing 1y n1331uunan 1dee v edomanu
7198190151 Data Augmentation LW N15UIUAIN N15EAUANIN A15UTUAILAIIN n1sdanIn 1T udu
(Yang et al., 2024)
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Original
image

Exposure Contrast Grayscale

Augmented images

dl a v
NN 3 nmasmauﬁamugﬂmw

6. Tanlutha Aelsafiiinainidon wuailids wislda Sedmansenudeluvesiudn vilfandsyansamlunis
Fuarilauazdwadonandnlagsan miszyLarduunlsaludmedauiugiinnuddyegieddlunisamuny
wardasiunisunsnszatevedlsa ludagdu dnsd@nwiwasiauilunan1siseusidedn (Deep Learning) 14y
Convolutional Neural Networks (CNN) titagielunissuunlsaludniannamens (Dutta et al,, 2024)

SN Class Name Description Sample Images

1 Bacterial | Dimension - 300*300
Blight

Formats - jpg

Quantity - 1584

b

Blast Dimension - 300*300

Formats - jpg
Quantity - 1440
3 Brown Dimension - 300*300
Spot
Formats - jpg
Quantity - 1600
- Tungro Dimension - 300*300

Formats - jpg

Quantity - 1308
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7. yAdeiiigadas

aulasairguszanifigy Hossain et al. (2021) vins@nwnisiseusuuunieleudulasaiigussam
\iennuunsuligiunuuanieusulssussavsnmnsduunussinlseluiis Tneldaantnenssunisisousidednd
fiuszansan neassuuyatoyanwlufigiuuiinuazusaiy dnauerulinanisiseus laun MobileNet VGG16
VGG19 uae AlexNet fauanslsiiufsadnéfduuliilunsiuunlsalufiviiaiugnieuasanuusiuggs
Fslaaa MobileNet AfinsUsuUss fimnuusiudigegail 99.55% wagavuuu F1 97.07% vinlmnzdmiusyuy
AoNILMEIYILITadelsAluTY

sunsiaduteya Fawaiq et al. (2023) ausweluladansaumaildlunisszylsalaglinisuszanana
amuazmsuunam yadeyalunmsvaassitnaniiiudeyaasisas wagyhmsieiudeyaluauide e
Aanuuduglunsinvesyadeyaniuuuimieszuunmdulsalagldiusennisiseusidedniagld Convolutional
Neural Network (CNN) wagan1dnenssunisiseusnisatslounatswuu Llaun VGG16 NASNetMobile wag
Xception dm§un1snsandulsaluing nanismeaesiinigaldulagldaniinenssu Xception derneuusiugily
NsENAD 99.13% ANuuLugtuN1IATINERUAD 97.22% wavauuiuglunisvagaufie 97.22%

sulseludn Haque et al. (2022) ldvhnsfnwiuagdrsaenansnuin Mnanuivthessailiones
wieluladnsnsiaduing Sanesfiuvemszga YOLO fimnuuwiudigadufivavuazausaiia Sagminldluny
nsandnee eadszuuasvasulsaluing {3dedaldaiadeiuisussneuyndeyaisiusuld 1,500 4n
waziauoIEmasuunuasasaiulseluinlnedmuniniouiidedn YoLOvs snthiflneusuuasdsiduluing
YOLOVS wadwsvaanmsiassuandliifiunadnsnsnsaduingiiatudmiuadots YOLOVS seduamuuiugily
139031 M9IFENAL A1 MAP wagAzuLY F1 7if0en13fe 90% 67% 76% wag 81% audndu dedaidudiiie
Usgansnw
/1133

msfnymaaesitaulunalaseusramiiosraegiuuilunssuunlsaluiiainamde Sdusou
Tumsidesi
1. Msfnwsrusudayanimlutig

1.1 Anwdeyanunasdeyaansnsae louwn unanvlosu Kaggle meyadaya RiceLeafBD Datasets

(Rimi et al., 2025) fivsznausegunniisnun 1,555 a1 wualu 4 Uszuavilse laun Tsalulwlannuuaiise
Lsalulndinnwes lsalugadiina uaglsalidaialng dwandunmi 5
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1.2 yinmsdanguuagszytheiiiu (Labeling) Tidaiau
2. mawseudaya
2.1 Yurunanmilviegluguuuuiimnzaudulassnedssamifisnudazuszian lunismaasslduuna
A 220x224 Faduruinunsgiu (Sandler et al,, 2018)
2.2 wastoyalviegluzunuu Tensor wagyiin1g Normalize Afiniwaaglugag [-1, 1]
2.3 wisdayasenidu 3 4a (Train: 80%, Val+Test: 20%) oiun
1. gpirlneusy (Training set)
2. Y9n 53980V (Validation set)
3. ganaaau (Test set)
2.4 MsiluAEMAINVaBYestaya (Data Augmentation) Lil84a1nHANTMAADIYBS Rimi et al.
(2025) fugpdoyaiiuiifisiuuiomn 1,555 am wui wamsdwunlsaluindadnnuaamadou ffouasausy

Jmaasuiiunnamainaeligndeya fe 2 wiada liun msvuaIm (Rotation) wazn13ndunin (Flipping)
3. nsidenlassneuszamifisuiiag]dlunisvaaes

3.1 1BenlAsaneuszanifiounuaiuideves Rimi et al. (2025) fifinsvaaesma Transfer Learning
vu 3 Tuea fail InceptionNet-V2, MobileNet-V2, uag EfficientNet-V2 lesannita 3 Tuma Lf]uiummﬁugmﬁﬁ
13 Scale agadiuszansnm Tvuavedunaidnuazyihanuswnunzdwmsuldnulugunsaluundn wu dunim
Totu Tnsu Sefitinifovasaulfuuuasavariiusuuassiiugiuniounusinfnnumnyaniigadmiugn
Toyanmn

3.2 fvuansinedilddmsuudaslunaniunismeaoses Base Model Aifinsruunan fail
Learning Rate = 0.0001 Batch Size = 32 Epoch 20, 50

3.3 an nwanaexlunImaas

M19199 1 Toyanmantiivesaiesrauiiines gandiisuarlausinldlunismaaes (Dai et al,, 2019)

in3psnauR e fnuanddaluil wandusuazlausinld
CPU: Apple M1 Max 0OS: MacOS Sequoia 15.5
RAM: 32 GB Python: 3.12.1 (313 Environment #2g VS-Code)
Storage: SSD 1 TB TensorFlow: 2.19.0

1au31‘%"1’7'1lt,ﬁ'errﬁaa: NumPy, OpenCV, Albumentations,
Matplotlib, Scikit-Learn

4. msWnaauluna (Model Training)

4.1 yhmsinaeulumausaziuuseynteyaRnaUTy

4.2 1y Validation ileAnmunnsiFous Usuamnsilmesiitean Overfitting
5. msnagauluaa (Model Evaluation)

5.1 naapuANLLLug1vedinaLAasLUUMEYATRaNARDY

5.2 Uszidluwaneinausi Accuracy, Precision, Recall ag Fl-score IngA Accuracy: Usuaninluiag
yunegnifesisuniesidud 1 Precision: Ussiliuilumailomaudaftoufin vie Sladelsailifiose viols
A1 Recall: Uszifiudnwlundazngulsn amitidulsaazaq lunansrawuldinm wag f1 Fi-score: WWuanade
daaimtinggwing Precision way Recall iio¥anruaunsnveslaauuuana

76

91sas3nenrans SAonssuAans nazinAluls




F Ui 5 aliuf 2 (2025) : n mynb—‘fﬁﬂu 2568
I 01581SINENFAIENS IFIONSSIUFT
e UHIONgI88s18niag
LRU

cience, Engineering and Technology

JABHAT UNIVERSITY
6. MswSeuLieunaans

6.1 WnzuaniliouileulssansnmedunaiiugruiulinaUiulsusazuuy

6.2 fnsaunanumsngaulunsilUldenuaie wu Tuweundinduuulnsdniiiofendosyuunsialsaly
41oRLUITR
7. asUnan1snnasuazdoiauauue

7.1 agUilunalafiszavsamanaelunssuunlsaluin

7.2 Jnseidednin uaiausluzwuIman1suTulstlueuan
NANTS3Y LAZATINANI1SIVY

1. wamrswaunlueauasiiieuiisuseansamlassdiedszamiisauwuubifinnsistudaya vuyadaya
RiceLeafBD Datasets

M1919% 2 wansiawlwauaz USuieulssansnmlaseinedssanniienwuuliinisiatudoya

Accuracy (%)

Model
20 Epoch 50 Epoch
MobileNet-V2 (Rimi et al., 2025) - 89.75
MobileNet-V2 (Our) 68.72 90.15
InceptionNet-V2 (Rimi et al., 2025) - 85.00
InceptionNet-V2 (Our) 66.50 90.05
EfficientNet-V2 (Rimi et al., 2025) - 91.50
EfficientNet-V2 (Our) 72.66 92.60

NM15199 2 wud leaiiawma 3 Tasaneliie Accuracy gendn Base Model ynnsal uaglaseing
EfficientNet-V2 fiUsuusslvien Accuracy gegn Wity 92.60%

Model accuracy Model loss

—— Train
—— Validation

5.8 4 — Train
—— Validation
5.6 1

5.4

5.2 1

Loss

5.0

4.8 1

4.6

T T T T T T 441 , , , ,
0 10 20 30 40 50 0 10 20 20 20
Epoch

Epoch

A 6 A Accuracy and Loss Curve of EfficientNet-V2 Model

7
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Confusion Matrix

True Label

Predicted Label

m‘wﬁ 7 wanaAn Confusion Matrix of EfficientNet-V2 Models

2. uanrsan lueanasiUssuliisudseansamlasstiguszamiisusuuiinsiaiudoya
(Data Augmentation: DA) Uu"qwﬂ'aga RiceLeafBD Datasets

P o = = a a ' ~ = a v
M99 3 Naﬂ'ﬁWWU']I@JL@aLLa%L‘UifJ‘ULVlEJUiJﬁSﬂVlﬁﬂ']WIﬂ'NGU']ﬂﬂiga'ﬁ/lLVlEJ?JLLUU@Jﬂ']'ﬁLﬁi?J“U@;Jua

Accuracy (%)

Model
20 Epoch 50 Epoch
MobileNet-V2 (Rimi et al., 2025) - 89.75
MobileNet-V2 + DA (Our) 76.17 91.75
InceptionNet-V2 (Rimi et al., 2025) - 85.00
InceptionNet-V2 + DA (Our) 70.50 90.76
EfficientNet-V2 (Rimi et al., 2025) - 91.50
EfficientNet-V2 + DA (Our) 81.03 95.50

NA5199 3 wud leaiiuTudsens 3 lassgliian Accuracy g9nd1 Base Model ynnsel waglasedie
EfficientNet-V2 + DA f1USudslyirn Accuracy gean winfiu 95.50%
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Model accuracy Model loss
—— Train 5.8 4 —— Train
0.9 { — Validation —— Validation
5.6 1
0.8
5.4 1
0.7
oy 5.2
C 064 B
3 E
< 5.0 1
0.5
0.4 4 4.8
0.3 46
0'2 L T T T T T T 44 E T T T T T T
0 10 20 30 40 50 0 10 20 30 40 50
Epoch Epoch

A 8 A Accuracy and Loss Curve of EfficientNet-V2 + DA Model

Confusion Matrix

True Label

. ' :
0 1 2
Predicted Label

-60

-20

mwﬁ 9 uwanaA1 Confusion Matrix of EfficientNet-V2 + DA Models

3. wan1swaL lunatazidSeuiisudssansninees 3 luwa

M13197 4 wan1silSeuiiieu Accuracy ved 3 lunauuulilinnsiaSudeya

Model MobileNet-V2 InceptionNet-V2 EfficientNet-V2
Base Model 89.75 85.00 91.50
Our Model 90.15 90.05 92.60
79
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wWSsuisuyszansainvadlaung
wuuliidinaietudaya

94 92.60
91.50

8o.75 9015 90.05
90
88
a6 85.00
84
82
80

MobileNet-V2 InceptionNet-V2 EfficientNet-v2

[l Base Model g Our Model

AT 10 wannsIeuiieuyseansainves 3 luma wuulifinsiesudeya

= = ~ a a v
15197 5 Nan 1siusguLngy Accuracy U839 3 INL@aLL‘U‘U?Jﬂ']'ﬁLﬁ'ﬁJEUEJHa

Model MobileNet-V2 InceptionNet-V2 EfficientNet-V2
Base Model 89.75 85.00 91.50
Our Model 91.75 90.76 95.50
wWisuisulseansninvasluna
wuviinsiasudeya
100
95.50
95 91.75
90
85.00
85
75
MobileNet-V2 InceptionNet-V2 EfficientNet-V2
W Base Model g Our Model

i 11 danensmiiSeuiieudseansainves 3 laea wuuinisiatudeya
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4. F9150iNANTINY

nsUsUantnenssuves MobileNet-v2 i aifinarmusiudilaglifinvuialunaiiuiinisuiuuganiely
1A598%19 Inverted Residual Blocks InaLfiuadUsznauegs Squeeze-and-Excitation (SE) Blocks Lﬁ;aﬁ‘ﬁluif
msddtyuesiay Channel 17 dreifisdszavsamuestunalaglsifoafinmafines wandvidfiufansusuugs
Accuracy ifaaulaedsnsnauuiveslinaligenadasiusuideass Howard et al. (2019) QUERTRATTEK!
amﬂmamimm Inception-v2 Weriuanuudugranansavildlaeldnisidia Squeeze and Excitation (SE) Blocks
Lwaquiumuﬂmaumau Feature Channel ageflUsydnSn1m wena1nd 15wty Residual Connections
el Inception modules Faslwansofinlnnaiiantulagligads Gradient luruzi3ouiaenndosiunuide
Y99 Hu et al. (2018) wagn15UsulssaaUnenssuves EfficientNet-v2 laun13v818 Receptive Field 1w
Dilated Convolution lnglsitfiumnsfwesvedluea Preifiuaruudugiveanissiuwunls aenadosiuamideves
Hou et al. (2021)

nstaduteya ¥3en139h Data Augmentation HasfisdszdvEamysdlinnalanisarennumainviaieves
foya Gavrean Overfitting wazifiuArmausaluns Generalize Inglannzinadialyaiq o619 Mixup CutMix uag
RandAugment #ilé3unisiigaudinanansauiin Accuracy Ifegrafidoddalaglifouiivvuinvedlunanie
T03a334 donAdeIiUWITeVes Cubuk et al. (2020)

1514 Dataset Anunastoyaassazivon As avminwazUszndanaudfidesiiaddglaanzide
yndoyatuliagiiouuIunbeiesiu (Local Context) Fvoradanalilunaiiinld liamnsaldauasdldogieg
UsganSnwvsedadianuranainlunisiniunlsavedluma wi dnwauzlu & wardnuauzlsnonalanaaaInuedas
Tufiuiugnatsestiestusiufemiugnioses Label lugndoyaassurorrliuludmielsimugiTenmaioddin
AOARABINUNUIIBUBI Xu et al. (2024)

A3UNANI3IY

HansiawlnakazUSeuiisulseansamlassrgdssamdienlunisduunlsaludnuuui uaglad
nswudoya daelassdieussamifion 3 lassne Tdun MobileNet-V2 Inception-v2 ua EfficientNet-v2 ity
3 Tnssnevnaesiugndeyaiiugiu 1,555 nw uasyndeyadiinnaiudoyn de 2 wafa Téun nisuuunm uas
nsndunin Idnmidindudu 3,110 am Inelasssdsyamifeniiliiaugniosgean I8un EffidentNet-v2
fifinsiaduteya (EfficientNet-v2 + DA) Tidnmgndedunisduunlsaludn 11 Accuracy Precision Recall
Lae Fl-score mudniusteil 95.50% 95.75% 95.75% wag 95.75%

uonanilumsifelévhmausuuse Base model 1 3 Tasstny ¢l Ty 2 Tnsatneldiun MobileNet-v2 uay
1n53%18 Inception-v2 U§uugslasnisifiuesdusznoust1a Squeeze-and-Excitation (SE) Blocks Lt 815 ou3
AINEIA YUBILA Az Channel @1ulA339 18 EfficientNet-V2 Usulnean159818 Receptive Field WU
Dilated Convolution wu31 158918 MobileNet-V2 flufutgamaznsiadudoya Tunisnaassiusiuam 50 Epoch
1A Accuracy WinAU 90.15% wag 91.75% a1uaiau @1ulasevie InceptionNet-v2 ﬁﬂ%’uﬂqmazm’%wﬁaa&a %
A1 Accuracy Wiy 90.05% wag 90.76% auddu wazlasetne EfficientNet-v2 fiusudganasiasudoyalsion
Accuracy WU 92.60% way 95.50 % muddy Ssagudignlesstnefiuiusaishifuasdinaaiudeyaanunn
uunnnlsaludnlafnil Base Model 3101 Accuracy

nsthluealuvszenalden loud dlvieseiainludinnndesietio lasu viegunsal loT laviuiinge
fiaueUndiatutisnsiasulsnrauisragSusuiouiinsszuinargnany saufvanmszveanuasnslumsdang
913U VFoa5a Fine-Tune luldfufivdu 1wu fudwevds §1ilwn dos ma= 16
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1. YaLEUBUUZANTITIIUDI

1) msandemeniuiuarlavsSlunesduisiufuilunaldlunisneass

2) ansafunildiuuunaniesy Goosle Colab 13 Visual Studio Code

3) pasimudesenduseUndrduuuauinTriuitetionunsnslunsldnudiuiase
2. YoauanuzlunsnauiseBanaia

1) psifinuszamveslassglinniuiter3oudisuUssananm

2) msUfuiiinnalnnisldla (Attention mechanism) Tumsarnanudnuuzvesnmite finuszsansnma
uiuglunsTunAW

3) GmLﬁmrml,a%u%'agamwﬁa&ﬁ%miﬁwmﬂumﬂumiw%wLﬁawixﬁw%m‘w

a) m15ld Explainable Al (XA) Freiinn1seduienadnsnsynuiidudeuveding uaznsisaeuniny
HANAIN3RI09TUToMUUANINRSE5ITUNTENg VY

AnRNssuUsZNA

YouaUNIEAMLNITY Rimi wazAueilafnwinaaedlasaingUssannifisniuy Transfer Learmning uagle
wewnsyatayalsaludndmsuldlunsmaassinuidseangainnsduunlsalutialuassil

LONETD19D4

Teyeyr3end aandiars, sWus3nn Tadnse, wazesaun wede. (2563). nMsdndsuunaiia LLasmﬂ%’msmﬁmuam,%"asw
Rhizoctonia species mmwﬂsﬂmu‘luuﬁﬂﬂuaq%’n 2158153NYIANEAS LASUIANTTUNITINEAS, 51(2),
122-138.

ndnual ganas, adn odyian, uarlanssel Weyw. (2567). madududeanvalselulnduasduasuns
wigRulnvesdadrsiugisluaiitse. sarsumIngrdesivigieaida: Ineaaniuazinalulad,
5(2), 58-72.

Ahmad, R., Ansari, M. H., Thakur, M. B., Anwer, A, Singh, S. N., Kunal, G., Singh, P., Minnatullah, M. (2024). A
review on emerging insights into bacterial leaf blight of rice: diagnostics, climate dynamics, and
economic impact. Agricultural Mechanization in Asia, Africa and Latin America, 55(10), 19025-
19044.

Bre, F., Gimenez, J. M., and Fachinotti, V. D. (2018). Prediction of wind pressure coefficients on building
surfaces using artificial neural networks. Energy and Buildings, 158, 1429-1441.

Chen, M., Bai, Y., Lee, J. D., Zhao, T., Wang, H., Xiong, C., and Socher, R. (2020). Towards Understanding
Hierarchical Learning: Benefits of Neural Representations. In the 34" Conference on Neural
Information Processing Systems (NeurlPS) (pp.3114-3124). Vancouver: Canada.

Cubuk, E. D., Zoph, B., Shlens, J., and Le, Q. V. (2020). RandAugment: Practical automated data augmentation
with a reduced search space. In Proceedings of the IEEE/CVF Conference on Computer Vision

and Pattern Recognition Workshops (pp.702-703). Vancouver: Canada.
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U 5 AU kazlkuuUseliuAuianelaainnaudiege 311w 30 au tagldisnsAnEenk UL MaTIUY
Tadyy adaiild Ae Aeds Ardudssuumasgiu san$idenuin ueundiatudeialionaTauuudumeiueniin
iiorevenuinnssumsimelunadszgnd nmelddowoundiatu AR Suwduduudy Iiinausvinsimelusm
6 i1 Idun viil 1 undawau vindl 2 nuduieuln vt 3 lanseliiving vinil 4 Sulunadnd vinit 5 idhedugas
wazvinil 6 Tideuid Tnelunadazas wadu 3 nvue Ao lueaviisunelunudads luaandunideviis e
Tusas uaglumavinsunduAuydy AdanuaisauauaisiuueunaiaduuuaunivinussuuLounsess
fusziliudszavsnmlaesamegluszivanniign (X=4.84, 5.0.=0.20) uazgldnuiimnudisneleagluszdusnniiga
(X=4.52, 5.0.=0.68) FeagUldiueunanduiiuuinnssuiiannsndenenssdanuimsimslumulssgndld
93¢ wazannsaituuimnssuiidndsldyninanne TnsamzogsBanauiinaunin fouargsens

Aadgy : N133slusa walulaganuadueasy weundduuuiieds n1sdumesweaiin
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ABSTRACT

The objectives of this research were 1) to develop an Interactive AR application for the Applied
Traditional Thai Boxing Dance, 2) to evaluate the effectiveness of AR application, and 3) to evaluate
satisfaction with the use of AR application. Develop based on the SDLC process in conjunction with the 3P
process using C#, model with Unity and Blender. The tools used were performance assessments from 5
experts and satisfaction assessments from a sample of 30 people using purposive and accidental sampling
selection methods. The statistics used are the mean and standard deviation. The results show that the
Interactive AR Application for the Applied Traditional Thai Boxing Dance under the title “AR-Ram Ploen
Dern Bor Lom” successfully presented six traditional dance postures: 1) Arm Swing, 2) The plow dance, 3)
The plow dance, 4) Lap Mokkhasak pose, 5) Elephant Curling Its Trunk, and 6) Kai Liap Coop which. The
character model was categorized into three types: (1) the traditional boxing dance model, (2) the traditional
boxing dance muscle model, and (3) the applied boxing dance model with realistic aesthetics, and
implemented through an Android smartphone application. The overall performance of the application was
evaluated at the highest level (X=4.84, S.D.=0.20), and user satisfaction was also rated at the highest level

(X=4.52,5.D.=0.68). It can therefore be concluded that the developed AR application represents an
innovation capable of effectively transferring knowledge of ancient boxing dance. This innovation has the
potential to be accessible to people of all ages, particularly health enthusiasts and caregivers of the elderly.

Keywords: Ancient Boxing Dance, Augmented Reality Technology, Mobile Application, Interactive
unin

waluladainuasaasy (Augmented Reality: AR) waganuduaSaaiiou (Virtual Reality: VR)
fuduuianssumanaluladifaruimiegdanidulugatiagiu waziinenimedslunsussgndldiiionts
auuazenszaulunainuasmans (Al-Ansi et al., 2023) walulaBmaniifuns “uansninanuaiuaia”
vilvinsanenendoyasieg Whlade daau i@udumnnsliiaiousts uazandedinvesdevindu 4 luuianu
naule (5383 wazanig, 2562) Msld AR fmnudenndostuiddinuazuuvunsdeansvesaugailagiuild
gUnsalifeusiadoyarudumesidnnasana Inesuiiofie aunsnliu uiuidn uazgUnsaiindouiidu q
(Singh et al,, 2024) n15lda1u AR Alududouriedesamuunn Tullagiuddinisussyndld AR lunanemans wu
Msvieudien n3finw AauTmusssu nsnain m'ﬁLLWVlé/mmimej‘u (Chatsiopoulou and Michailidis 2025) Fadl
9133989 Chanaman et al. (2024) AldWaundelusuuuudumesueniindmiuldnu lasnsimuneunaindu
vuflefiofewmelulad anuiuriuaiudmiunisBoussuudosemsvesinGeutulszoudnumeulats dadu
weUnaladu AR ianunsaSeuideyaldtiueundindu 2 wuu Ae wuuBsuideyariuuiuiniines uasBeuitoya
druifonuueundiedy Budontsdeufivuvandmiuindeuuasdsiussavinmlunsdeunsaeul ity
aunsaliifudonisBounsasulunguansziouiinermand uaziiuselovisolsadouaunsnvasandunuly
mMsdndedonsiseudmiuinEeuld druauddees Sampaothon and Sanchana (2023) ldsauueundind
dadBunsviesilsndunumsvesinnsusemaluladanuduaiaey Jetanndelusunsy Unity Wouyadde
fhen1w C# penuuulinna 3 G selusunsu Blender Falduaundinduiiannsalinulsaiilaotnrieiiond
anufinsladenslinuueundiedudaadunisveafioadanuasiegluseduinn fanneidedenudreiudud
mmﬂwmﬂ,ﬁ]LLazmﬁa@mﬁgﬂmiﬁaul,l,azmwimLﬁaa
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AuzfiToidaiiuieeuriuaisveanalulad AR uazmdaduiitenlunsuszgndliau Seldinsfnu
sUuvusagrinisnaied eulmnduileluvinsusasvinveanissunelusmlssgnd auguuuresusy
welunadminanauas nui nqunduiiefifinaiadeulmanniian Wun nqundsdeviuazuay TneAndu
néudoilfindoulmluynvingits 12 vih Aaufesas 100 wavesnsoonfidimefesuneglusuussynd
soanssanInmIene Ao eundaussvesndunient uararwamnsalunmssiadududefinnsufoiedn
sowfios 8 dUani axdaelvinruudausweandunion warauannsolunmsmssindisdudy Selddeuinns
“Fundu AuURL: Lﬂummmiumiaaﬂmaqm&JLwaafﬂiamaLammiuﬂamLLaumimma]UIuwaqmsl” Iedszgnd
mssunelunadsvgndvesusnnslunadminanaunsindaudanis Fwaw 6 v WietiuANuudausaveq
nduilonn uazarmannsalunisvseda yaviniasia 6 v 1dud viundavulenlve viaudldvni vignunindu
ylsaenand vguandnaad wagrinsiuudy 1nvhsidsnanlagniiluseenanislduseleviluguiuy
n1seanuInMFITINmsiemsfinevsy dasudielinisdievenssdanuilitudiaulaldidrdmnna yngaedy
nevsfumalulatiagtulimuiuasiosnntu avannsavilidddldesnsazmn dufunnzdisedaiinguasasdly
nsualulad AR uUszgndlilumsiauueundiatudornuaiuaiunuudumesueniinesitsmelusa
Uszgnanelddeuinnssy “AR SunAuiduudn” Wednenenssdruiinsunslusaussgndlumsdaaiuuas
Faelvivusuggeongluviesduiifonssuiivainvats awnsaliuinisdgeenglsininuazaseungu ndieiois
fodrinlunsiameentidinefususuniy

o/

BNEITHAZIUIYNNYIVD

1. ns$welusias (Ancient Boxing Dance) Wufauznisindeulmiidreneaviawimesislveludnuazniss
wuuiangineouazanany MWiiieolinaund nmssi wasimuiauuduswesiune Taeflsngiunanue
Inglusaiiuiuriimadsfaduinninmsevgats deldluniseuindiaussslne wanslunui Svdeanssy
duasugvam Insamzlunguigeengviediidesnsesnidsnisuvutuazvasnds iunisuaunausyning
Aavy Taussu LLazmsﬁw{u\IiNmaaﬂwqﬁqmm (NwANg, 2563)

2. walulada21u9391634 (Augmented Reality: AR) 7o ?iavﬁammiuia@ﬁa%wﬂszaummﬁmﬁam%ﬂﬁﬁ’uQ‘L%’
Tngldroniiwesnsiing szuude waznislanou Lﬁ@lﬁ;ﬂ%ﬁﬁﬂmﬁaulﬁlfi’hlﬂaejLuamwumﬁauﬁaﬁ’waaﬁu Taian
widuaniuiiadevdeaniiluiuauinis fliannsoveaiiv indoulm wazldn sufuinguiedwndeululan
Laﬁauﬁ?ﬂé’muqﬂmfﬁ(ﬁm 9 WU WIU VR (Virtual Reality Headset) (wsyanisse, 2560) iumsldinaluladiasu
amadoudldlulanursninuese eadeUsraunisaldeansiiauass dausay wasdladomlang iy
TRgLaNLlUAUNNSANY N1SWINNE TRINETY kagauTuLAe (T, 2554)

3. waUndindudanuaiauasu (Applications of Augmented Reality Media) flo nsimaluladdeninuass
wwSuvieiaiiouads (AR) TUuszyndldluausing q eaiadszaunsaifiausTawasiudusiusfudly Taed
LﬂwmEJLﬁaLﬁmﬂizﬁw%mwiumiﬁaui ASRNBUTH WeeANUUTa (Li et al., 2025)

4. waUwatatunuudUmasUaAfin (Interactive Application) fie ItJiLmiw%ainﬁaaﬂwaﬂﬁéﬂ%mmm
Tinou fulilem nioosiusznausng 9 voseunanduldlagnss LilduAsutoyaifisamadien WA
\denuuy Aan an 19 wiedeasiuszuulduuuasama iitelmAnnsidiusiuuazUssaunisalfineuausssie
dltldegnadliusednsnm Gana, 2559)
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5. ywAdeiiieates

ayan wazsiatum (2562) Idiauweundiadudaaiunisvisadien 7 wyomsfidesduludmin
wsysaliamalulagiadouass meiwuldlusunsy Unity waglusunsunien C# Ussiluanuiianeladiy
tnrieuflenulnefidumieaiisrlusunedios Sminmasysal ludusuiom dunsesnuuuuardnguuuy
uazshulsslevivesueundindusomsthluldon dhvieafiimnufionslademsldnusiueglusziuann

wfing wazgalsayl (2563) eimuueunainduanudusiaeiy Fesszuudiodnsna dmsutinidoutu
Uszan@nw9 1 141Usunsu OpenSpace adaluna 3 i wazannsaunzvyuls 360 031 ATMANNZEAL YD
woundinduluszdumn uaznqudiedrsinifeutulssandnw i 1 lsadeudusndudumi Swmiaglute
faufianelasglusedumnniign mzueundinduiinssgdlaliiinnisFeus, dhifeureuamsaidilunsliney
fueundiadu thiseureuideailduszneu

Mnsal uazamy (2566) lianndedddnouuuzihgunsaleenfidanedomaluladviidiasiouate
360 93¢ Snvidouaundiati Matterport aunszUIUNTs 3P Aeflosiuseneu 2 du ldud drunanmaninuas
dunanswadoya Insdefiiautuaunsaliteyaiivasdenidaaunnufioels vealiuinislunislide
Faldnounugihgunsaleenidsneeglusefunnniign

Sampaothon and Sanchana (2023) ldfamnueundindudaasunisreafisudununsvesnivisy
shomaluladanuidusiaety Wauimunszuiuns SDLC felusunsy Unity iWeugamdafonw C# seniuy
Tuiaa 3 96 faelusunsy Blender wa ARCore uaUndiasuiilafivanmahanlaglindosuiefoaunumiud
Manndulusunsasshmanituiiioaiduea 3 87 fennsUssduenufioela 3 du sesudem drunis
sonuuuUazdaguiuy uazsuUsslevivesueundindusomsiluldan dnvieadieafinnuiiemeleeglussduann
nndsduisagldinnimeluladamuaiaasundssgndlitansvieaiion mseentidine uaznisdnutu
Fsumufeuagiivarnvansuuuuiueg furiunuas Ussiiuaudesnsiauuinnssuviousundindu
Fetluumannuidedieadlafiazmdnnismelulaferuniaasundssandldlunsianweundindudienen
winnssiinnelunadssendliansodudeiiindsdazmnuarldnuldnntasie

Chanamarn et al. (2024) l@Wauueundinduuuiiefememaluladmudusiuasudmsunisseu
szuugosamIvesiinFeutulszaufnwmeuUans Téiaumunszuiuns SDLC Tngldiniun ci adrlunadae
TWswns Unity uaz Blender dsfinsuseiiiu 3 wuu AoUsuifiudssansnmueundiadu Ussliuarufionela was
UszidiudsyAns amutanssy wudn weundiadud waunduiiemun 8 Tuna annsavieuld 2 Snuae fe
1) Bouilasnisaunusinu Marker uay 2) Bouilasnsdonayluion Teivssansnmeylussduuiniian
UsgAvSnm E1/E2 winfu 80.56/83.89 geninuszAvSamananasininmua wazawfinelavesildauegly
sefuINTian

A5AIUNI5IY

v
v Ay ¥ oo

n153deasellladndunisaussdouisd
wazdunlanail
Usznsuasngusiiegne Ussunsildlunisfnudediidutiigiogeenguazsgeeny 1o uag

8
Y
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J@ @ msvusziduuszansaiw Usenouse {ifsavigdurinsuneluia s1uiu 1 au
AuN183IN1A 91U 1 Au arumaluladarsaumanaznaluladaliuaswasudussaunisaieg1etes 5
§1UIU 3 AU SWTeA 5 AU

w3nalefildlun1sise Useneudie 1) weundindudeauaseasuuuudumesueniiiiioaaven
winnssunssislunayssynd "Sunduiuudn” 2) wwudssidudseansamueundiady wag 3) wuudseidu
anuiianelavesldiuuoundingy

Fumaulunisdiiunisisy ﬂmvﬁ%’awﬁwmiﬁmmLLaﬂwﬁLﬂ%’u‘f mmwamiﬂ’wmisw (SDLC)
(Sampaothon and Sanchana, 2023; Chanamarn et al., 2024) Usznauluaie 7 Fumow wail

Sumoudl 1 miﬂﬂ‘l%ﬂﬂi\mL‘W’e]WGll‘lJ’]’dE)‘lJ?lmﬂiiiﬂ‘lﬁULL‘U‘ULLB‘U‘WﬂLﬂ‘UULWEﬂﬁVIﬂ‘UN’JEJlﬂJ’mﬂ?JEma #1313
f1eneneAnINIITINIEluT I mquu‘uumauulmmmswmdusmmlﬂmmma)aumﬂisu “SUNEU LAUUAUL”
duuianssuniseendsmeddaudamiifiunanmssunelunulssgndvessasunelunuanaunsli
1@’1’&'1aﬁuLLaviﬁ’lé’ﬂivimﬂﬂsuﬁaumwé’ﬂﬂﬁaanﬁwé’ama‘uaqﬁmma U 6 1131 Ao viwnduau lenlva
mmﬂﬂmﬂu maﬂuﬂmuu yilsarennanil vauaInFsunill wasiLAuUaY

Fupoudt 2 msiasIEa L‘LJumimﬁu'emamﬁmdmmﬂmmmmmme £VAUABINT TV [T uLAY
donlfpIasiledmsunisiaueundiedy Fwinmsinszienudenis fe fesnisinaueiisunslusia
vhs“?mﬁmm 6 viﬁ'] wazdosnsthiausdwwenanileflasuieiinisesnidimenuihsinariogeasiiane

Funeudl 3 mseonuuuy Lﬂuﬂ'mLﬂiwv‘maaﬂLLUUﬂaummiwmmLLaﬂwaLﬂﬁzju m‘uumauuﬂmvmadﬂ

ﬂivaﬂmmiwwmmmivmummamaaLLUU 3P @@ Pre - production FuneunsIAIENY Production Fumau
NMSHANTIENTT WAy Post - production Fupoundsnisuan (adows wazsysySal, 2560) ) Tneflduneusii

1) P1 = Pre - production fie fumeuveenITATenIy Fahseazidonevinsine 6 v
WvnseenLULAnDIUasA (Story Board) hahsunelunaviaaiy senuuuluaandisievinsunelusa
wazySUNALAUUAY Faansiognailunsiedt 1-3 ivimswioudasdusunsusasieiesdteildlunisuan
LazNISAIIUNISUUANELIUTTENY

2) P2 = Production 1Juduneunisudn nstuluna nsasedraruanlumituagsianie
msadrenmsadeulmliiuluea 3 §7 fvuedauadsiuain BeuBeslumauaznisesnLuuaINAUEnsUsin
wasynsluduluusazann dase BeuSes Snesusznou NMseenwUUee warn siaLeUndndudeaiiou
939 fawanssogslunnil 1 msssnuuuniinee Wunisesnuuuntiseveseundiatuiniinisieesduszney
orlsthdlumtiudnveaiiewusazving amd 2 mseanuuulunasazas iunsldlusunsilunisadrdluna
3 i wiodlusaas wazamdl 3 wufinisvauveseundiady WuniseenuuulsnisiauvesueUndindy
FauddaldnuneUundedusuianstansldrueunaindu

3) P3 = Post-production fio G?J”'umauisijmimﬁmLLawé'qmimam Fazosdinsmaaeunnass
nsldnuieUndiady wagnsRaeUANgNABINTYINULAZLALY
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. néuifedurdumds (Hamstrings Muscle)
. néunifesuun dumih (Quadriceps Muscle)
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Tua fhazasviuniuauedsulmuuuiug
ﬂuﬁﬁ"« Aonlumadt 1 - lunail 6, nauntiman, Toya,
Up/\Un @8
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. nénullendsduuu (Trapezius Muscle)
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. NALUDAUTIRTUNAT (Hamstrings Muscle)
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- ndwile wihudls (Tibialis Anterior Muscle)
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Tua fhazasvinuduieulowasulmuuuius
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Funeudl 5 nsnaaeu Wunisiueundntuiiiaussudosuduniinismaaeunuy Black Box
Testing (Weerapan, 2018) LﬂumimaauqumﬁmwaﬂivmumLLaﬂwaLﬂsuummulmaﬂmmmmauww
muualy In1sUseidu 4 d1u Ao A1uidont ATUN1599NLUY A1uANIBRBNIsTEIun3 on1sUfduRuS
wazsunsthlulivselowd Fevinsussiliudseansamannd@eamgy 5 au ieszldususueundiadunsy
iluldauase

Funeuit 6 n1sinss Wudunounilnanueundiadui oviinisiad suulnsdnsisiod o ld
iuwﬂgvmmmaumaam wazthluusediupnuiianeladentsldueundieduainngudiegie 30 A

Jumauil 7 mathgadne Wumsesedeudeyanugnsioseeundiadudouinnismenns
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i~ AR-App.apk
® —
® —
. A -] =3
ALNAaU
LIAULAN
(N)  AR-App.apk (1) QR Code (m) lomuuaunaintu

2 8 TumeudmsuaUlanfnfneUnalAtu: (n) AR-App.apk (¥) QR Code
wa (A) lonpuwaUnaAdy

2. wansUspiliulsEansninueunaindudenustuaiuuuudume fuaniivitiladenaavinsaneTusa
Uszgnd “Sundu iuuda”

wamﬂmiﬂimﬁuimsgﬁ"v‘?ﬁmmm $1uu 5 AU 9AS1eT 4 wudsyavsnweseUnaRd T 4 Fu
Tnonmsameglusedvanniian Adeds 4.53 Ardrudsauumasgiu 0.20 Weiarsansefunuin sfunns
ihllfUsslonifussansnmdindiyndu fidnade 5.00 Amdwidsauunnsgiu 0.00 Jsaziiuldiaenndesiy
Whmsnenuddoiiesimuuinnssufiannsasievenssianuiimurinieussgndliaunsadddannmann e
fanunsalfidudenionenssdanuivimmdsugunsaiiaiumsimelunadssyndls 1Wudoussaduiusns
guaguam lrifudgseny uazeumaluly wazanusaldaldielunniitazmnlunisldonu sesaandesuaii
fesenslinunienmsuiduiug dunsesnuuy uwasduion mugidu feinnduiivssavsameglussiu
wniign uandidiuiueundinduiiivssavinminsaufiadlfifufonisdoudifienisdeneauinnasldais

M19197 4 HansUsTiuUsEASNMMma e Unantuve e 1Ly

F19n15UsRiuUsEANS AW X S.D. wan1sUssLaiy

1. §ruifon 4.68 0.34 anitga
1.1 maviaveievniinnumnzas 5.00 0.00 nniign
1.2 augnioswaaiiion 4.80 0.40 nniign
1.3 femiianutiaula 4.80 0.40 nniign
1.4 arangaslunisindesdiuden 4.60 0.49 unian
1.5 arangauesiinaden 4.20 0.40 110

2. A1UNTTINUUY 4.82 0.28 aniign
2.1 de AR fanmmeny 5.00 0.00 1niign
2.2 lamaudmiuuaundindu (Icon) Srnumangay 4.80 0.40 unilan
2.3 MsMAInyILarIuInAITNYIIANNMNIZEY 4.60 0.49 1niign
2.4 puvanzansyinsEludetivniaue 4.80 0.40 unilan
2.5 anumesnuvedliing (Model) 3 & 5.00 0.00 1niign
2.6 Anunzauvatliag (Model) 4.80 0.40 1niign
2.7 mawndeulvvedluiaa (Mode) 3 77 5.00 0.00 1nilgn
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2.8 lumaausaneuiuldtaauaiionass 4.80 0.40 nfign

2.9 MUMINEANYRUAEIUTTENY 4.60 0.49 nfign

2.10 M3eoniuuniveiinNUVINgay 5.00 0.00 nfign

2.11 aywianysoivesie 1.60 0.49 1nilgn
3. fuanudedanisldaunianisufaunus 4.88 0.18 wnitga

3.1 AnuazantunsUaldueundindy 5.00 0.00 unian

3.2 Yuldaueenuuulsfdonumne THmuldie 4.60 0.49 unian

3.3 UsgdnSamvelaiaa (Model) 3 i Uu AR 5.00 0.00 unian

3.4 UsgdAnSnmvesmadiauagaduanysaivedanu 5.00 0.00 unian

3.5 anudesiansldnuveweundiaduy 4.80 0.40 1niian
4. grunsthlu1duszlevd 5.00 0.00 undign

4.1 uaUndiaduil awnsaifudedionenssdanuvionie 500 0.00 unian
wiougunsaliaSunssiuielusinssyna

0.2 upuwdiatuil annsoifudeussnduiusnisquaguam  5.00 0.00 1nilan
Toifugfgaeny uazaui ULy

4.3 uaUndinduil annsofaddlugunsalindoufidaelian 500 0.00 1nilan
auazmnlunisldnunniimnian

HAATUNINT I 4.84 0.20 wniign
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TusauUszend “SUnaU uUau”

a9 nnsUsziiulaendudieg1e 30 au 91AR15197 5 wudrderwdeweladenisldauneundindy
71 18 319013 Insnwsnglfaudanufiovelausundiadueglussduanniian fdwade 4.52 Ardudsauy
1msgY 0.68 WeRiasanansedenuin ueuwdiaduaansadudslunisdevesuianssuls egluszduanniian
fidiade 4.63 s09a91A0 AaNzaNvos undsueUndiaty ueUndinduiidsadonvsznougnies
Taaa 3 §6 anansonyu 360 e iemdianuasudau wagniniiaueidendaruaulauasdiladne
ogflusedunniign firniade 4.60 Meiinmsiiauaidevdaniiauls uaswoundiaduaunsotluldouldass
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feVanaIRAN3IAIASY uazanunsafsgaANaulavelFnunnnaynila
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1. ueUwAiaduannsafniauazyhaldosnimng: 4.39 0.77 1N
2. anuwEnzanvasnsidlnudueundindu 4.47 0.63 )
3. ArungaLvesiundLeUndiady 4.60 0.68 wniian
4. woUndiadu fiFsaiovUsznaugnios 4.60 0.68 wniian
5. AVIIWIHNZANNTTIAIRIAYTENBUUUKOUNEAT 4.46 0.66 )
6. AUMzaNNMTdenldila vuna @frgnyIunaenIn 4.56 0.73 Wniian
7. Tuea 3 7 shsunglunasaiuiieumenuauass 4.46 0.68 )
8. luwoa 3 §f wamsndniiodomnumnouazansny 4.44 0.63 )
9. T 3 Tf visunelusulseyndlinualsuauasa 4.46 0.68 )
10. laaa 3 {F a1nsavsu 360 09An 4.60 0.68 Wniian
1. omiiarwasudau 4.60 0.68 Wniian
12. msthiauaiiemiinnuhadlauasdlade 4.60 0.68 wniian
13. anunsaiseuslamediies 4.54 0.63 1niign
14, pwdaanlunseduieidion 4.39 0.67 )
15. aunvasdediszidouuarldauineg 4.54 0.63 1N
16. feyaiiiaususazhaedimuivsngay 4.46 0.71 )
17. woundaduannsatluldaulaass 4.58 0.71 wniian
18. ueUndduannsaidudelunsaemenuinnssuld 4.63 0.64 Wniign
nan1sUsziiulunwgIu 4.52 0.68 wniign
A3UNaN1339Y

LoUnALadud snnuaiaasuuvudumesuoaiivii eateneauinnssuviisislualszynd
“Srundu Wuvdy” dmnudesnslilddeuvudumesuoaiiniiannsaligldoufnanufgaaualslunisesn
Mdan1eaevsuaslusiuuszend 31U 6 Y131 Ae viawndsuulenlva vudlaniAu vingnunindu
yilsadenaneni shguamidium uasisuAutdy Saueundinduiiannslinuuussuuufoinsueunsoss
Tngluneundinduazanenonyii 3 dau fie daufl 1 duauerihsuaslumauuusaiy 6 v fe Mundsuou
virnnudusoula vialawselivae vadulunedng vadraiiues wasvnlmidoudn daui 2 driauedii
néudonieinamaniandeyanisoenfidinieviiimsTunauuudadu o 6 v agldndnidefudauss
wansiefulunudeyanismaasuazangidervg) wazdui 3 YiauevindunslusiudssyndiiFenin
“Sundu WuUdN” 91nnsRaLIauTuRey SDLC saufuduneu 3P Tneldlusunsy Unity Saufunisn Cé
warlusunsu Blender Fudupdosiiondnaonndasiunuideves asyan waziaiumi (2562) ivauweundindu
Femaluladnuesuasy Sanszuannsasaiesiiewmani annsavaueundduinuldaandmae
wazdadunszurunisuaziasasdiofilduaudeslunsianssuvansaunasonsUndindundedelinousig o

nann1sUsTiliulsyansnneskeundindista 4 d1u fle duiew funiseenuuu Fueade de
nsldaumdenmsufduiug uagdunsiluldusslend wudn nansuszifiueglusedvunndigalunndu
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wazdenisgunsalaneluueud (2) ueundiadudlfiud en1saeunazmununisiad eulmivesuvunas
a1fveniueud (3) nsvinnuresiusudinisUsyyndldsiuiudumesite 2) nanisvedeuuszdndnisvineu
vowjusuidonisfons nensUssiduiteddu 1dun nismugunisedureauuisansdne manaaumumes
owdlndvusudungyinau msnegeuniiaedudanisldauileddunng q nsdrenmdsnmludalad
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Ardnfy: Musudtiedeu msSeunisnisdeu weluladiilensfine msimuninUgue

ABSTRACT

This research aimed to develop Kinder Bot, an educational robot designed for early childhood
learners. The study involved 10 second-level kindergarten students and three teachers from
Tessaban 4 Chalong Rat School in Nong Khai Province. Participants were selected through purposive
sampling and voluntarily participated in using the Kinder Bot. The research instruments included a robot
prototype, performance tests for each of its functions, and a quantitative user satisfaction questionnaire.
Data were analyzed using mean and standard deviation. Results showed that: 1) Kinder Bot comprises
three key components: (1) a central control unit responsible for managing the robot's internal mechanisms;
(2) an application used as a teaching material and for controlling the robot’s arm and body movement,
which is an approach commonly adopted to enhance control and accessibility; and (3) the robot
operation integrated with the Internet to enable remote operation. 2) The performance evaluation, based
on its core functionalities, including movement control of both arms, sensor-based detection during
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operation, touchscreen usability, photo capture and transmission via LINE, and sending class schedules to
parents via LINE, demonstrated 100% accuracy. 3) The user satisfaction survey on the Kinder Bot was rated
at the highest level.

Keywords: Teaching Robot, Teaching and Learning, Educational Technology, Early Childhood, Development
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