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Abstract

Pregnancy outcomes are developed conceptus after fertilizing until termination of pregnancy. Pregnancy
with good pregnancy outcomes is desirable for pregnant women, their families, and health care providers.
[t may be good pregnancy outcomes or poor pregnancy outcomes, depending on related factors.
Good pregnancy outcomes are term pregnancy, the lived birth of a healthy and vigorous newborn,
and an appropriate birth weight of 2,500-3,990 grams. Factors related to good pregnancy outcomes
are fetal growth-promoting factors, the quality and standard of intrapartum care, and newborn care.
Poor pregnancy outcomes include abortion, preterm birth, low birth weight under 2,500 grams, congenital
malformation, and death of the fetus. Risk factors affecting poor pregnancy outcomes are genetic risk
factors, health conditions and diseases, environment, psychological factors, and intrapartum complications.
Therefore, promoting factors influencing good pregnancy outcomes and avoiding factors affecting poor
pregnancy outcomes would be beneficial to antenatal care for pregnant women in order to give birth

to a healthy and vigorous newborn, which is the desired expectation of everybody and their families.

Keywords: pregnant women, pregnancy outcomes, newborns, risk factors
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UNUI 6.1 ARBANISNNAANUNNITHANWEA (Chimah, 2022)
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VI']\??ﬁi'JV]EJ']‘U'P]\?ﬂ']iLﬁ]iiQWUﬁq NAAWINITIAIAITIAN 4 ¢

‘e o ASUNYIRIATITA LU ITUAFTUNAUINITVDINISGA
(pregnancy outcomes) LUFINIWAUILIINFI8DU °

. o - -2 ¢ TuassAnazdanalminNadnsN1sAIAIIANG Tus18
naan1sufausarelunngnuesngensassaidunan o ; . X
9 . . PR AIRN & an1ITwNsSNYaulusTenay
Usvana 38-40 dUavi nsdimsnldanansaegluassd 7 , s]r . . )
v . . - . . AIATSN SYULAIATSA NI05L8LAADANILAINAYINLA
115 ASUAINUANDLLAANITHTIY N1SAABANDY S e Y
. - v oA s o WNAaNSN15AIAsSANLURTULS satuunanuddedl
fvun senisnangluassdte edefvunnasn S B
- o . “ TnguszasAialiuaaInsmsaun AL et U NG I
NPYIAIATIANAZAADANITNDONNNNNYDIAADANTD T L
I . v YRINAANSNNTHIATIANRwaz lRsustaseAieIvea
AYNITNIRNNINRUINBY (Hall, Benton, Copas & . . . . s .
I winihlUlduselosllunisliusnsaum i ensnssa
Stephenson, 2017) HAaWENITANATIAVLNAYUDID . o ;
¢ e oeda - . -~ ~  dazdAnuyiveseld
VUNAAWSTA WU MISALAAASUAIAUA NISALARAL

a = a a gel Y] I 6 a & al o 6
A fgunind duanidnegluinaeiund nieinadns
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ABUNTAUN UTURUANIINLINLAOATAITNUYN NI1INU Naé’wﬁ‘ﬂqiﬁ\jﬂiiﬁm ﬂmsuusl,uﬁgﬂgmq?ﬁiﬁ

mufinisuainia wsemsnideTinlunssdvinld | oosuisaaon wudldidunasnsnsdinsssila uag

Aal3w anmsfinwimuin ndsieassidesas 208 | o v<nqsdansssitlaa
Uszaunsallunisuvisyns (Wesselink et al., 2022) .y ad
y o , y 1. NAEWSN1IAIATINNA (good pregnancy
Jeway 11 AaaAnaumnun (Walani, 2020) uaziauay CL Ly
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werUnaRIATIRFesNsRANTY Wy nsRsasad
Asusvua mandiguaind welaldund Saven
wsnifinegluae 2,500-3,990 n3u (Glick, Kadish &
Rottenstreich, 2021) nadwsnisianssafinduna
soifieananilededuaduimuinisvesmsnluasss

warN1SaITEUUUIMSEUA M UTE AN ALY
Uaansie

1.1 Jadudaasuiauinisvesmsnluassn
fidnday 1oun nmrquamiifvemdetanssd ane
Tnwwnns sendiau wazselauiifeosiunsinsss
LaENIIAADN

1.1.1 amzguamiinvomdeisassdd
lmAnmadnssRansIAaR 1iun tsegfimung
au anudulafiound seduthmauaylufuluiden
Unf rorginzanlunisdsassduaziyns fAe
91y 20-35 T Lilesaineteazsing o Siwuinisues
Tassaauazmsimihiauysaiudalaianiznszgn
Fansu ungn eiBolugaudnuuazdosmnanaen
rnasilamn@eglunng 100/60-130/80 diadins/Usen
wansfleUseAvSnmmsvihnuesssuuiilauasviaeniien
fusganzamlunisihduien sendlaunlaransoms
TUiAeseTeazee q wazmsnluasssidifioame (Ngene
& Moodley, 2019) seeutnmanazlviuludenund
mintuassdfeMInglaakasluiuainidenvesnsni
TUllumswsayiule wilunsdifisssuimanaglosi
Tueavideisasafgeniunfagluazanduamuge
susglunasnidenunilidauinanisivaisuden
Tudamsnlunssale

1.1.2 amelagunsiivemdeiansss
Usziiuldannavilinanieundegiugag 18.5-22.9 nn./u?
wazndenensssiminiudununasivestuiinog
A1y Ap 7.0-18 Alansy (Siriarunrat, Tachasuksri &
Deoisres, 2018) auandin $19meldFuansormsi
deamensouiiagyimihfidinssfuasiiynsld asenmns
ddgisudulunisiamunnisvesmisnlunsss wu
Tt s1auwidn Tkan Tolodu Sniiu i udsiaassd

Aotlasulusiuiuay 1.5 nu/dwdings 1 Alansu 519

, ) NFEFIVINTUM IS BaLiisuede
U 17 atU? 3 Uszduiou Auengu-suau 2566 v A < B
i g atuinermansuazinalulad

WiaNaN81vTIuay 200 Tadnsy wavanedinesy
snaniuaz 60 fadnduy PRDANIIRIATI FBINTS
Ianiuag 600 lulasnsi wralden Tuag 800 fadnsu
Weanesa Tuaz 700 Hadniu leleduiuay 200 lulasnsu
\Jusu (Tsakiridis, 2020)

1.1.3 san@auilnnudndulunissieau
YBUYARNNYAE bUT1NEUAZNITATITINVDINAS
HapssAuazmsn msnluassiezldeondiauainion
yosunImegafismedionuduturedndonuns
vomdsniassilinng Sovax 33 ewmnidindenuns
Wudimieendusarsismantignisnluasss
HIUN19Ma AL 0ARAIUBINTTANL NG TNUAZHIUNTS
navaldenma@wdzneni1sn (umbilical vein) 101
graoaidenunsludunisn (ductus venosus) Way
waealionn1lngy (inferior vena cava) W1gWala
wazUaanisnsiabl (Llurba Olive, Xiao, Natale &
Fisher, 2018) YonanHUsEANEAMNISILYs
'szUUﬂ'rimsJ%LLawaamLﬁammaaw@a§QﬂSiﬁLLag
msndeadulnfise

1.1.4 seluudiiedesiunsnansss wu
walasiau Wsamelsy gosluudiuuu asslelin
Inunlalnsiu Sugdu Inseud dauddglunisyie
Useuuszaaslinsmnssasniusolddulnfauds
fmunaaon luthasnuesnsinssisesluuealnsiou
wazluswawmelsuiiasrsanndelyasudinaelng
nsiesnyAulnvesngn eylnsumgnilsnganse
nstlehuassseu vidwniusesluugun aoslelin
Inulalnsilu (human Chorionic Gonadotropin)
feaziiutugeanlursegasss 7-12 dUnii Saufu
gosluufias1a91nsn (human Placental Lactogen)
sz fidaasunsieuiadydvlnvemisnly
assfmeluaunsyinsuivunaaen (Solano & Arck,
2020) uaﬂfﬂmﬁmwauaammﬁusgéuuazimaEJGT
805 LUUALYIYATUANN TN INANYAITO NI THAYNIT
Tndenu lusenieusauasnsndsdawasonadng
AIPaRTIATingeY (Springer, Jiskra, Limanova, Zima
& Potlukova, 2017)




1.2 S3UUUIMTEUAMNANUTEANTA MY
Uaeadelaun n1susniseinasssd viesrasnnmnm
WAZNIIAUANIIAMEIAADA

1.2.1 N5USN5EnATSA

Jagunsensansisaauiiuleunedaasy
Tiudgadsnsadludinasidlasifinouongasssd 12
dunnt lavnlssnenuiavessslaslideadeenlyang
n&sniulihnasssosnation 5 afmmnaeflugis
01gATIATiTImun e ASIT 2 018AT3s 13-19 Unnsi
psifl 3 019A934 20-25 dUn M ASei 4 engasas 26-31
&AW adedl 5 0ngesas 32-00 AUai ilensraUszdiu
agguamuazlviduugilunisguaguainuag
wisuduiiensaaendeiliiAanadnsnisdensss
fiale (Chaimayo, Chareonsanti & Sriarporn, 2016)

1.2.2 ANATNLAZNIATFIUNTALANES
AIATIALUNBIAADA

@mmwLLazmmgwumi@LLaw@qé?aﬂiﬁﬁ
luesraendudsitavduasulffnnadninisaansss
ﬁﬁimsL%':,Jﬂizmumsau,aé'?qLwim'ﬁmmﬁuamwmﬂ
%’Uﬁmamqu 590157 ﬂ’ﬁ@LLaasmsiaLﬁaﬂuiwzﬁ
1-4 vp3n1sAaen Nsseidesiunmzunsngou
foziAnau LLazmsé’mmsﬂﬁ@uamm'mazmiﬂﬁ
AUTAN50 W WU N15EESUAIUA1INLIVBINS
Aaen N1sYIewasnisrasndivasnds n1stiaafu
msnluassakagmsnusniialasueendauliiieame
mstlostunsanidenndsnasnlusses 2 Faluausn

Wudu (Mousa & Turingangan, 2019; Nilsson et al., 2020)

1.2.3 AMATNKAZUIATFIUNITOLANITA
LIALAA

KadwSnaRsaTsSARdaslaunAuaiis
AunLazanassguseldadlumsausainee wu
nsuhsziannenseseendiau nsmeladiuin Ay
gaungiiniesh seduthmaludons nzfumiesan
a1sUagiuluidonas n1slasuununsaegaiieame
nshiiaTuang q 1Wudu (Thatrimontrichai, 2019)

2. nadnsnnsRanssATlA (poor pregnancy
outcomes) {luAsiinnaulaifosnislmiAntuus iy
Avvandedalldiudeiinssiitetodeommagunn
F1usng 9 Fedamansenudeiauinisveamsnly
asad wazmsnlilanunsndrdeszuuuinisguanidl
UseAvsnmuarUaenstliidesniifos insms g nadws
MsHaRS3ATIR WU N5t NsPaeRRBUR YA YnsnE
dhvtinusniinginga 2,500 ndu msnilanuiinisus
fufia msndedialuasss Dudu Jaseiivinliia
nadnsnsRensssRlld eradudasedssiinuly
svovnoudinsss svovdensss vieluszermaon lne
HovudesfidmalfiinnadninsdanssAildd laun
Jadendusinuiugnssy Jaduidesiugunm Jade
Feosmuduneden waztadeidessiuisla

2.1 Yadeidssnuiugnssy

HadendosiuiugnssuiifinaliAnuadns
nsmanssAnlia taud Tsaiifaufinunivedasiula
TsrsndaTisle wavvyiden Rh au lsafliAnanAnaRaund
vaslashiloy W NgueIn13n1U (Down’s syndrome)
AnuRnUndvestaslalaugil 18 (Trisomy 18) 1usfu
ilinsndanuiiniswsinie dazdiauinismig
pruaRle1a14 (Afifi, Gaber, Thomas, Taher &
Tosson, 2021) amsmanssimdulsadaidlovonmy
vilvimsnidesrenadulsasdafifioviagunse
winglsas1dadille wiemisnidedinlunssa nsdl
an3mansadivyidon Rh au udsufuanivyiden
Rh van Wilvimnsnluassdseluidssdenisiinniog
Winldanuasuan (Hemolytic disease of newborn) ¢
Tunsifiansmnssslildanansiudinsadeuiiven
sevyjiden Rh (osarnueufiouvednyiden Rh A
dindoaunmemsnauusnnsslliismeaeinenssd
a$rusufiuefisevsidon Rh vin lumsmnsadaduialy
woudverlussmeaninnsssssluilidindenuns
Yoamsnluasinuanle (Zheng et al,, 2021)
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#3097 lsatumu lsaanudulaiings lsavessey
nsees Tsavhle veudin msinideluszuusis 1 Jade
dearine q maniiinasenislvaioudon eendiou
wazansomsiiusnlugnsnluassd vilinisnly
annsaiaunasaivlaldifuiidailiAnuadns
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N15R9ASSANLUALS Rail

2.2.1 AMMBUWMUNIAURIODIU WPIRIATIA
Peuduian1eu1nnin 25 Alansu/iuns’ asiing

v
° £

Unutniiu (overweight) W3siidwiiulianieuinni
30 Alansu/uns” A8iin13edau (obesity) Uaglu
nieneassatinshmnAukesdunntulnenuld
Sovay 20.9 vemdunsssiluihnassa lnevieasss
fiflongtionnit 25 9 uavisasadadsusniuualiud
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(Deemongkol, Limruangrong, Phahuwatanakorn
& Boriboonhirunsarn, 2020) Lﬁaqmﬂwqamimmi
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Tusnemeldindndufivainiy innzie
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SnLau iaealdenudiwaznasada dawansenuliiie
amzunsndeuluszezionssfauuldlagianiylse
WYY LLaﬂsﬂmmﬁu‘laﬁmqwmsc??amiﬁ Fadama
i Annadwsnasansssilaifiniu wu msuiayns
N13ARDANDUAINUA NITNUAUNNITUAALLA 1TD
BeTinlunssald (Tejera et al, 2021) msniivamiin
111A77 4,000 n¥u ¥30URBNIT 2,500 NTU

22.2 amdlainans niansss Sovaz
9.514.37 finnslafinansluszeziunssd Tnefdlilnadu
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warlrandaduansemsiithaabuaudndenuns
viainnnninglsasdadifledafianuiaunilunis
a5198lulnatu vinlimsnluassdlasueendiaunay
15019113019 9 ldiiisanesanisasaAvle vinld
AanadnsnisnanssSilid Wy msuiayas aaon
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atuinermansuazinalulad

U 17 atU? 3 Uszduiou Auengu-suau 2566

WIaMsNo1deTInla (Sinha, Adhikary, Phukan,
Kedia & Sinha, 2021)

2.2.3 lsaumu nilseasssienafulse
wvueied 1 (type 1 diabetes) viaidhilsaunmuy
¥ilafl 2 (type 2 diabetes) 1udrniouninsss wie
ulsmunmuanzsansss (gestational diabetes
mellitus) (ADA, 2020) Sens1anui flszsuimialy
Gorganunidiuedusnlussesiinssd Tnevdienssd
Adulsauimuiovay 38 ldanunsaruausziv
ihinaludeslvegluinnusiunild (Youngwanichsetha
& Phumdoung, 2016) nsdifiszuhmaludoands
anFuUsEmueIMISEINin 100 Hadndu/indans uay
sefuihnaludonvduussmuenns 2 Falugend
120 fiadn3u/4nTans vldAaneunsndousiig 4 7
lvnadnsnsnenssslimanty wu menfvunelng)
Yminunnnin 4,000 NSH N1SARDAYIN NITAABARN
ua 113ni1SUIAIEUTENINNITARDA ARDANDU
muua An1smelagiuin Anisuanle dedialy
A334 WHudu (Sharma et al,, 2022)

2.2.4 1spAusulaing

ndjsensideradulsnanudulafings
Fefunneuransssd (chronic hypertension) 13ei]
ﬂmmﬁuiaﬁmqﬂuwﬂmzﬂﬂiiﬁ (gestational hypertension)
’Luﬂsﬂﬁmmﬁu‘laﬁmquﬁu 160/110 Tadunsusan
awﬁmmmamﬁqwm (preeclampsia with severe
features) Wy Uandswy mwssh Wuntuudnaaud
finsviauvesdiu uaglaidouas viainaedn Ia
(eclampsia) Fsnesanmmanil finasenisluaion
den sondlunaraisemisaie 9 Tideemsnlu
assfanas vhldmsniimswsadiuledn dwdnusniie
Fni 2,500 N3 viseideTinluasssilé (Rana, Lemoine,
Granger & Karumanchi, 2019)

2.2.5 savosreulnsens wiadunssdi
modlnseeravgesluuilneniung (hypothyroidism)
wdssonsuraynsliine dwiundeisnsssiden
InseeaasigasiuuninnIung (hyperthyroidism) ag
Feerenisnaenneuruug wazynsnusnAnimin




N nUni (Nguyen, Sasso, Barton & Mestman, 2018)

2.2.6 sattala niasenssiidulsamila
¥1neng 9 1w Atrial Septal Defect Ventricular Septal
Defect Patent Ductus Arteriosus Tetralogy of Fallot
Mitral stenosis aefinenSanndifinaseuszansam
nsvinuresila Audnturesesndauluiben
wazUSinpsidoniilvadoususnluidemsnluassd
limsnlupssAlesuRon 0anTUuULAYENTO AN 9|
oy 919llKaYNITUYIaYAT AaBANBUAMULA NI
dmdniesndn 2,500 ndu wseidediale (Meilvaine,
Feinberg & Spiel, 2021)

227 Tsemouitn visenssidulsaveuiin
(asthma) wazflonnsluseozdanssiilisysuning
duduveseanduuludens msnluasssiezlesu
sandautioy vlndsssenisuits Aaeanouiivun
ysniithminees viteideTinld (Labor et al., 2018)

2.2.8 msdndelusyuusing q wideransss
onafndelsana 9 lineusenssiviolussezinsss
wWu nmsadelussuumaiuiaany nmstadelsa
Rasemanaduius msfniesusniau T Fsmsinde
wientonafinansgnuseniFumulsavomduiingas
wazenamenenidelsalugmntd vliAnnsuinns
AapAfauRMuA Msnivtingesndn 2,500 nda vde
W@ed3mla (Grant et al., 2020)

2.3 JadLdeanudwinaay

Jaduidusrudanadoniifedosiunns
\Renadnsnisianssd il Wy uafvlueinia 3o
asnudunded asiall esiuuas erusuAngiie
Busu anddsnsssidutatuuaivlueinia wu du
22099 {uvLIAdn (particulate matter) Atuyws
Asuaumeuenies e hauasuueiizeviliszmeifes
Boymadumela ormslsaveuiindiidu Andelu
szuumaiumele Tonadeswiensuviayms nsaaen
ﬁauﬁmuﬂlﬁ(Klepac, Locatelli, Korosec, Kunzli &
Kukec, 2018) uonaininsdudfatu anstusiunsd
arsiadl grguuas erusudngive vMinlvnisalu
AssAnANUANISwinLdald Wy Yainunds (cleft

lip) Al (cleft palate) wwu v1duiingy (imb
abnormalities) (Alois & Ruotolo, 2020)

2.4 Y938l A89n1UINGD

Jaduidganuinlandanalminnaansnig
& fal 1ay ¥ 1 a a o ~
HIATIANURA bO WU AULASEA AR J5ATY
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wis Fanulaluanifanssdiogu an3nanssiniiensy
1717131 35 U an3neaassa ldiausyaen fanssaiuen
G al U %) U = a dy al
ausa iselUymduiusanivand nsandetele?
FUAWBNITUTIYAT NITABDANDUANUA LAENIIN
wsniiafiunintesnin 2,500 nsu (Arab, Spence,
Czuzoj-Shulman & Abenhaim, 2017)
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Au 8l wazassiuduadoldiiu 12 Halus ue
anuAamtwesnisaaenesadniunflalunsdd
msnluassdegluvinfinun® vuinvesdswenisnivg
Neediens U NMsuasaiivesungn liduseAngain
wazauAwiwesnsraenlusseyideadn daus
izﬂxmﬂmqmﬂwumuﬂizﬁamiﬂﬂaam lnuAssn
wsnlalifin 2 $9lue wazassiudsladiiy 1 Falus n1s
ﬂaamm%ﬂﬁawéfmﬁmmaamﬁwm%aﬁqqiyzgwmﬂ
n1sEEALEIMISNeaNNIen Vs Farafinavinli
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19 (Luo et al., 2020)

2.5.2 Msnaaninlia (shoulder dystocia)
nstlfin1sAaenfnluauIwiu 60 3 e1ainavinln
MINVINBOATIAN AN15UIMEUTEINeNSTI8ARDN
wu fidenvendulivilsirwunsioviunyInandsus
(cephalhematoma) nsanlunuaisvin (clavicular
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(Brachial plexus injuries) #30M15n013LE8TIALA
(Ayenew, 2021)

2.5.3 1M3nv1n0n@Lau (birth asphyxia)
msnusniine1aldaiunsamelalaesniely 1 und
anamelaain 60 aSvanit sievmeladnn 40 aSvanit
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Cheawchanprapan, 2020)
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Abstract

Type 1 diabetes is a common public health problem in children and adolescents. Children with type 1
diabetes need insulin injections. If diabetes is poorly controlled, it will cause frequent hospitalizations
in children for emergency complications. The goals blood sugar levels in child care will help prevent
acute and chronic complications. By controlling the sugar level close to normal, so in caring for
children with type 1 diabetes, the family must have knowledge and understanding in many matters
such as insulin administration. Doing daily activities, etc. Educating and supporting families in caring
for pediatric patients using family as the center is therefore important. Because diabetes is a chronic
disease that requires continuous care. Treatment has a purpose and goal to prevent complications.
Make children healthy and have a good quality of life. Nurses should educate and build skills in
caring for pediatric patients and their families nurse will lead to good treatment results can prevent
complications, making children with diabetes can control blood sugar levels prevent complications,
reduce the rate of hospitalization and reduce the cost of treatment. Including having a good quality
of life for children as well patient and family centered care leads to positive health outcomes in

better patient and family care.

Keywords: type 1 diabetes, family-centered care, quality of life
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TinseuasaBuudnaa (family-centered care) wwafinil
IsumsWauuagldiuegraunsuate annsaldle
luns$nwdwmsuguaeyninannouasluynanin
wadeulnglanzivaoiinidiliannsaquanuios
famuauaznsiidiusimnesaseunirlunisdndy
Taigafunssnwvesstaeidinlugag 20 Inusndl
ity aseupITediunumdrfglunisguasnunan
vililudagtiunseuaiududiunisvesfiunisine
dmugUag (Davidson et al., 2017)




msguatngldnsounsudugudnans (family-centered
care) thvneiitemunaiiuguam fisvinugly
M59N13NTQua tAMAWTIR uazanszezian
N5UBULTINGIUIA YILARAIIUTULTIVDIALLATEA
vasau1dnluaseuairaruisatiivaiiuiianels
wazanuiulaluay finauamnsguagyae an
AT IALAZANIM T EnUNBYR Sl UT A5y
auam datuaseuafivesiuisiniuesdusznon
ﬁﬁwé’zysuaanizmumiauazjmmw (Gusdal, Josefsson,
Adolfsson & Martin, 2017) miwmmaﬁﬁﬂmam%’a
\Dugudnanaduuivanfyaiunsiidmsiuszmine
ATEUATILAYYARNNIFLgUA LB IaT AR
vasgunngUredvinliaseunsivedUieiindy
niheguainegutiunianislunisnnunusagyszdu
msguagunmaneldirmsnilenidulsslevisiudu
T UINIIAUguA T §Ue warAsauadl (Hsu
et al,, 2019) MsguanuuuAanisldnseunsudu
AudnanadunnAniinsyvinfennudfuesunum
AseuARIoguANwesanTnuaziJunagménily
nMsguaguawegsaLiesausimsudunisly
N3EUILNNIQUARUATRLANLTB LAY sEANE AN
n135nwfid (McCarthy & Guerin, 2022) n15ld
ATOUATHTUALENANEILTOYIBHAIUIAMATINTDS
mslinsgualddasilunsdisansziuanainnia
iiasanuainanivensualazauandeligua
ansadldusinlunisindulalaegraiused@nsam
LLa::Lﬁmsﬁummﬁﬂwﬂ%{ama@LLa (Shields, 2015)
Faunumvesnseuadlunisguagiie Taun nseae
widedthelunsvihAanssusing 4 msBeuiifeadulsa
wazn1sakagUie n1sUsEliunazguanvesUay
nmsdnduladanisudlulymavainvessiUis msaua
WigUledasasdy n1sdanishigulelasunisguasnuw
ogsalosuaznsliidslauniiae (Kokorelias,
Gignac, Naglie & Cameron, 2019) uaﬂmﬂﬁﬁawudﬁ
Uamvesaseurdilumslinsauadithe laud nslasy
Heyauazamdifeaiulsa msdnvuasmaguarithedils]
Wigane AseuATIvReRauavIANsHldLTIluN15SNY
wenua dnngiueteannnsinmsguagtie vsedaua

Uszaudymvany 9 AU MAUgunTIn LAsugne uae

#aAy (Mackie, Mitchell & Marshall, 2019)

AMTIMBIAITENTaINTsauatnglinseuaia
\Jugugnans (Family-centered care) fastiunsaunsy
Juesiuszneundn asdasdmilsiauendnualuazainy
VANVAI8UDIATOUATINALLAN N15UalAEATEUAS
\Wunsifinussaniawanuanusalunissnviuas
duasunnuiuilossninaseuaiaiuiiusnu ey
avidudn sliaadeteiatuayulunisguain
meldnsguavesfiforvay msaduayunseunily
wnunMsguagUlglarn1sdIsvionsounTideilaiy
ﬁﬁﬁ@aﬂﬁﬂéﬂ (Petry, Ernst, Seinbriichel-Boesch,
Altherr & Naef, 2019) fUaaifinuasAsoUAsINLHDS
suidlefufiTorvgduguarmdiedmuaitanmne
wazdndulaierfunisdnnisanuduiisveasinds
\Duuuujuanafiaalunisguaguaimdn (Ridgley,
Snyder & McWilliam, 2020) @slunsguardaeifinuy
fugnuvesnuatTn Arwsawile waznsatiuayy
FENINE I UTNITAUGUAINAT 0N ANV IYNTN
fupseua fuavanvivnasdeaouiifeadu
nsatuayunaingmig q vesnseundd n1swievie
asounfiliiddamsnensimnzaniionslsiiin
nsquadisiedisnsusulssdeyauayaudiius
sewinsRsouUAAULIdEIYA Uiz elv
fnsuazasouatmsuistuneunisqua sauluds
nsUsuUTsnnsdeassenineginsuazaseuniIvY
ﬁﬂﬁmiqwamﬁ%’ﬂmﬁﬁsﬁu (Davidson et al., 2017)
feusafionafifudsiitarmeaerlfimsiuuin
danlduglaiszavaudiSaldun Snuaseuniy/
BIANVDIEAUR NININTVBIATEUATY ViFUARYUERUA
nsfidmsnilunounds Tausssy wazdvdiainm
\Jusu (McCCatht & Guerin, 2022) gULLUUﬂﬁ@LLaﬁ
Tdaseuasanlugudnaaiunisinusindusening
UAINININSWNnE §U38 uazasauastunisiam
wunsQuanwINsasasteyaamzlsalirugiae
wazaunntuasounsIgyililasudeyaseamngay
wagilnsdndulaifsrtunmsdnulditu (Tew &
Ahmad Fauzi, 2020) aﬂﬁy’a%’agaiumﬁa%maLLuamq
nsquaifiuavanvindnagliuniasuazaseuni
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Favaneiamsandwivnansunmdlinderioniian oy
ﬁ'f’[,ﬁl,ﬁmszﬁw'%ﬂ']wiuﬂﬁ@LLag’{i’hstﬂ?J'ﬁTu (Park,
Giap, Lee, Jeong & Go, 2018) FauAanan09nIS
auarthelagldnseunianduaudnans (Smith, Swallow
& Coyne, 2015) Usgnouluse

1 fUIROUsMUINIgUuagUNHER A IANTI
wazSuileomudenvesftheuazaseunt a3 Arlley
ANITR LArINAImMITRIUSTINYEIH Ulguay

ATBUATITINBYIUNITIUHUNITALALAZNTI N

2. gUiRaumun1squaguaminisdeans
wazwUatudeyafiasuduwanidunanaiuiUisuas
v Y ada & 1 ) o 1w
AsauAIMEIsNuAuLaziluUselevideoUe
wazasaunTl e lvglleuazaseuniilasudeyaiiviu
na1 ATUMULargneas vilieninsadidnsalunisgua
wardndulalnegeluss@nsan

[ |

3. JUrsuazasouATIlASuNITALASULAY
atvayuliddusulunmsouauazdndulalunissnw

4. ey ATEUATY HUSENOUIVWNAUNTAUA
guam wazEisnumsauagunm Tudlefulunswaun
ulsunglunmsesnuuudssunisanuagainsenisi
LU iRuazn1sUssiunaaInn1sgua

o W

wennil nsatuayupsouasINiluddfey

o

Wesrnandnluaseuesienaliunansenusor et
vosnuesdadudiunisesmnudesnisedseiiles
YBINITAUA U1IATEUATIBNREHITgYnInieTnla &
anzasuanazidguilunissuliodudgyniaig
sUnuumMsquaiiiunsouniLdugudnansdatunis
atfuayunuduey idvesaundnluaseunss ns
atuayuasouaIinIg TNt satiuayun eI
n1sliAug n13AnilafenufeenIsuarANYeY
vaeggua slutisAleunnureudiuynnauag
ANUAR FaAY M1EWT QIVRIMITRIUSTTUVDINALA
aunsadidviznasiensguadudniuaseuaiale ag
dnwagdidginusznisveanisgualaenseunsudu
gudnans dun deyauagnisdeans nisdidiusu

Y Y

v UreuazauBnluasounty Mstiemaeaundn
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U 17 atU? 3 Uszduiou Auengu-suau 2566

lunsounsd N1satuayuAIuednns wavrinuafves
wWe1ua (Krajne, 2020)

1. doyauazn1sdoans (communication)
nsuvsduteyaiimunzauuazgnieslunisguaiiil
asaundnduguinarsinldlasnisidudinisdeans
waznslvdeyaiimunzan (Davidson et al, 2017)
nsdeansiivinnisidiewsie Ae n153usequanves
fheuazaundnlunseunsifilid Faazvinltannnsdl
druslunisguagUisvesaseuasiandusgiauin
nsudadudeyanisdndunisludnuaziuiuge
mnuilavesiiasuazaundnluasounia n1sdeans
pgllUsEAEA N U MSIUguAMATAeiiteya
fddnyAsiuanudutisvesitaslasnslitveya
KA ATl US N A ugua ity
fanunsalile (Mackie, Michell & Marshall, 2019)
nslideyafuguasuasaundnluaseuniiiisesiu
AuIMUAUAAEIE I luINsIugUATIEAISE
AmuaaUdeIn1slun1sglaguaInvesUlsuas
AsauAsIla (Foster et al., 2016)

2. nsfidiusiuvesUisuazaundnly
AT8UATY (involvement) dnwazlanzUsznswils
vasmsgualaglinseunsiduguinansfiaunuimiden
vosaudnluaseuaiilunszuiunsguaguaInnsl
AU UIEkATATAUATIATITIATUNITALALUY

v o

aeRTlaguaudAyvesrniidusulunsgua
Feuszneulusedihe dauavdeandnluaseuni
wagdlviusnsenuaunn gUleuaraindntunseunsy
a1unsaildusiulunszurunisquaguanluszdu
7119 9 lufsgauansenseuasiaunsalidusuly
Aanssunanvasnisaua darusulunisuuadudeya
wazanunsaddiusnlunisdadulasiuiuiuiiugl
nsauasneEUae (Park, Giap, Lee, Jeong & Go, 2018)
nsiidausanlunisquaguaimiiluganuianeled
wnTuvesifihe aundnluaseuniauazdliuinisdu
quam (Hertel et al., 2019) nsildiusinveUae
wazandnluasouainandliifufwadniidtuly
nsrUIUNSYLAgUAMKaE YU euazanTnly
AsoUATIANNTaAIUANNITALALUIELA (Kokorelias,




Gignac, Naglie & Cameron, 2019) dnuwuzd1Afy 199
nsidusiuvesandniuaseunsilunszuiunisgua
auaminalunisiinfinseuaiaisofiay viaads
FiiuInIsiunsuaguamiuansvinfiladmunzay
AONNTHEIUTINVDIANTNLUATOUASIIUNTZUIUAIS
Quaguam o1aiesnanAnuTuteuTesULAY
Uszaumsallunisguanseuaiidugudnandsdides
(Mackie, Michell & Marshal, 2019)

3. nMsredeaintnluaseuasa (support)
nsaduayuludiusiie o Wududdguesnisguadi
ﬁﬂi@Uﬂ%”JLﬂuquéﬂaN (Park, Giap, Lee, Jeong &
Go, 2018) Bnvisenfisavommumoudiuyana AAR

(9

fany Aaun QIVEINIITRIUGTIN VRIHALAAINITE
fansnadanisguadsaundnluaseunid {liusnis
fuguamisdndudemsudoyaifisafunuide
ye3a50UAT toMaunUlunsguadiaeliaenndes
wazinzanfuAdon Anude maun videgiivaamns
TUUSTINVDILAAZATOUAT (Garcia-Grau, McWilliam,
Martinez-Rico & Morales-Murillo, 2019) @u1%¥n
luaseunfauazgUigaislasunisatdvayudseian
g 9 1 Leeadlefldlunisquaring nsatiuayy
M9915ual wavnsatuayun1sdeny (Foster et al,,
2016) lunstrsmdeaudnluaseuaiivniuegis
feflazdedlinisatuayunseunsisneg nsatuayy
aundnlunseuniaziiiuanuiiswslaliiuguasuay
Aouaviseaundniunseundilunszuiunisguaguam

(Kokorelias, Gignac, Naglie & Cameron, 2019)

4. n1satuayuaIueIAns (organization)
osdnslumsguaniaseuaiauduaudnarsmsiuloune
filmwdiodasunisquadifiasouasudugudnaig
mihsuAliuInseiunsguagua AT
ulgunefisunnudesnsidmiing fuae wazaundn
Tunseunsr Tasulourgresesdnsiiiertosnas
ATOUAQUUIYNATS 9 Yosnsguaiinseuady
AUEINANY WU N15ARfBaINATEUATY NMTatuayy
AsEUATI M3Foans wazmsaniuauluguuuusing 4
waznsduasulviaseuniuaUieildiusiuluns
ALAgUNN (Davidson et al., 2017) uralsang1uald

v o

INFIAUAWATIETIUNITVILMAD AT LNTDNSHARD

[y

ﬂ‘u{{@LLaw'%amaUﬂ%’ﬂums@LLa%’ﬂwm'%amﬂﬂL?jam
Srudsduyaainslufiuguardasiumusiied 1 39
dndudenlufivanarvivdnsauiugua (Diabetes
Association of Thailand, 2023) wenINinsinc
w3eYgrusuuIvIUluniinafig 9 diodeules
wazdaasun1sguasnwlsAuIIuAIgnueIlALA
HUleL UMY %mmimﬁmmmgmmi@LLa%’ﬂm
wazUszansnalunisdnnislsauimauldasedu

(Rattarasarn, 2020)

5. iruARveNe1UIa (attitude of nurses)
ANUANTUSTENTNAUNT DUNTBAUANTOVBY
A iuSnsiunsauaguanlunisiidiusiuvesiie
wazganndnluaseuaiidianudidgysienmun1nyeinis
guaguAm (Luttik et al,, 2016) FeviruaRiBsuInves
WeUNATITH DUNUIMYBIATOUAT AT A SATIU ALY

[ | a o v v a1 1
Asouasdudsdrdgvinlulvaseuasitidiusiulu

'
=

nsgualuvueNviAuAfgauveIng1uIaYinlian
nsildiusInvesAsouaIIas (Gusdal, Josefsson,
Adolfsson & Martin 2017) MiRUARYDINGIUIAT
ANUEAYDL1IUNTUNTRUAAVAIN NS IENYIUNA
THnandulngjfudinsuasaindnluaseuasa fau
NYIWIAIMITATUAYUNNTHAIUITIVDIATEUATT LAY
ouiuInisiidiudinvesandnluasouasuduas

d1Any (Mackie, Mitchell & Marshall, 2019) 4803

v
o '

dfanuinmeuafifiuszaunsaiiazainuiuinniagl
AnuAnudwaIniAsafunisiidiusmvesaseuni
unnImeunatiiluszaunisaltes wagmsatuayy
Tiweruiadiflongunnniuaziuszaunisaluinnin
wuzthuazlsiduinunniieusmaudienytioonin
wazfiUszaunisaliiosnin ilelasuainwinuafnaly
nsaluayuAsTauATI (Gusdal, Josefsson, Adolfsson
& Martin, 2017) siruaAvosmeruiadadutiadends
AlnareUszAnSamusInIsguaguaIN

v

ALY ANYULAIAMIUTZANTRNULUIANYDY

o
(% 1

Krajnc (2020) 3simnudingegedelunssuiunis
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lupsauash Nsatuayuaudnlunseunsy 8aAng
wagn atUaL wazviruARveInEIUIaseNTTdIY
FvesaNTnluasauns

IS =]
NIUANYI

Winveeny 4 Tsedumsfinmieyuna 2 Wewi
vy Araundaany n13531adelsA Diabetic ketoacidosis
with type 1 diabetes gUhegendeagiuinieny 25 U
wazevesitheeny 53 U drusnsmueniuegiugiae

Uszdanisdudaelusha

1 ey neuxnlsaneua Jaaiysaiueu
Uay UIutnan 6 nhansy de1n1seauld Neudsue
Uoe 9 wadelulsaseuldniuung

10 U ABUNNISINYIUNA TB1N10aUNEY
MuUsIsheterad Aauldaisu Juasratensa Onn

wlupdin lasvewirauldadeunnsuuseniu

2 Funauulsame1uIa SUUTENIUeITISLe
Yaead Aauldedeu 5 A5 lllongalsaunde

2 Faluenaun glanisgraunnTudaun
15INEIVIAUNNINTIANU Blood Sugar=370 mg/dl
J9liuaunnsnwian1stulsaneuia

wuﬂizi’amLLazmwaaﬁﬂaalﬁuiiﬂl,mmm

Ca L e ¥ X

A9ULD1IN5ULB5SUUTENUBINISASU 3 UD weazile

%%’Uﬂ'ﬁzmumalﬁmuqamaﬁ’w SUUTEIUDINTATS

187 VBUSUUTENUMELFILT VUL WATUNDLEDY
ldvaueaniasniewmlsauunfinude

HAN13ATI9319N18/ HAN1IATAINARIUJURNS

sUs1adn wew tvidn 18 Alanfu druge
100 WwuALAT aunsatsmaenuLeslalazaiuise
Fmuddals feiniswilesidnies dygradn
usn¥u T=36.80C PR=88 ASy/unil RR=26 mde/undi
BP=112/62 mmHg. Oxygen sat=98% NanN190333
1@oAnu WBC=31,000 cells/cu.mm sugar=315 mg%

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 17 atU? 3 Uszduiou Auengu-suau 2566

serum ketone=4.4 mmol/L Na+=130 mmol/L
K+=3.25 mmol/L Cl+=101.9 mmol/L Co=4.0
mmol/L, blood gas : pH=7.17 PaCo2=13.2 mmHg
Pa0, =54.2 mmHg HCO,=9.1 mEq/L ALP=263 U/L
NaN15M379Uaa1IENWU ketone 3+ sugar=2+

protein=2+

nssnenbasuvazsulilulsanenuia

Turrausnunmdlinnsinwlagnisaziima
Umeih (OTX) iteUssdiussduthaaludenyn 4 42lus
warUuen@ndugau (insulin) nggaglasu Novarapid
5-5-5 unit sc ac kag Lantus 15 unit sc hs #asUsueN
2 U wnndannisane DTX Wunsue1mswazneu
uau seduthmasglugag 82-144 me% uazaruny
osigUasiuUsemuluusayiu Taednlaguinis
209l5INYIVIaTIUARUALARDS IULAAE 1Y

nszurumsgualagliinsauniulugudnan (Family-
centered care)lunsaifine

1. doyauazn1sdoans (communication)
Bushonsarsduiusnmiugasuazduaddqua
fUaeseil Ao Daneng 25 T Tasnslideyalsaun
vuind 1 uifasuardnieafudnwasuesse
n154iinlsn eIMsUazeINsUans MsEnwilesy way
amezuvsndouiionafiatumnldsumssnumienisgua
filiigndos nislvimnuiundiheuazaseuasiazyoe
wisvinwglunisquagtaedinlgdaisnislvauiuas
ns¥nwiazdesfumugiidulsaiumiuudagse
Tnefiasanmuanumgauazasdululdame
yaradaiu madeslosdeyanarnisfoansiifasmig
fthe doua wagiivananyivindadudsddyinay
aggeviliteyaiifuisuazdqualdugndosuay
donnaodlulunwIniufeliu (Diabetes Association
of Thailand, 2023) Q’ﬂwﬁlﬂﬂimmmm%ﬁﬂﬁ 1
Feslsfunsdngrdugdulunaendin dslneviluiin
9199117 8 Yanunsadneeslilaeiifouaiudinion
ol o1gfmnzaniiinensldfunsaoulidnuas




wsenelaLes e 9 U (Thanatornkeerati, 2020)

nnsalAny U fUaeeny 4 U Suiinuies
\Wumnueiiadl 1 axdesldfunisanenduyauld
naendinuazgUrefadanundilunisiazdedng
nnfuilesanilefisnardaengvasaziodld sous b
goulvidnenvgdedliiieiunseseslidntiedugae
Tuns@aen daudensuiiyssthadulsaumvueiie
7l 1 wisuiesidandrinazquaymsiilifuazdainag
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lunisquasnuiund Ulsuazdauainsizauidnly
mam%’aﬁuaqmﬂlfmwhﬁ?uﬁmmmauaé’ﬂ’gwfﬁaaﬂ
nlsaneg1unale (Mackie, Michell & Marshall, 2019)

2. Msfdusuvestheuazaninluaseuaia
(involvernent) n1sgualagldnsaunsiduaudnans
ARunuImMAIgnvetl auarseau1inlunsounsa
lunszurunisauaguan n1sddiusinvesyuae
wazaundnluaseunsiuandliifiufanadns ity
N3EUIUNTALAEYUA N wazaelviUleuazrauBnly
AsouATiamnsaAIuANNTaLarUlEle (Kokorelias,
Gignac, Naglie & Cameron, 2019) 9nNATEAANEINUN
AUawedvegiulnieny 25 U uavgey 53 U dwu
15 MeANAUTAN ﬁaﬁ?uﬁ@uaﬁau‘lmﬁuﬂuﬁm
wazfdnaulaluFoswasnisquasnunguasiomn
Fadudan daugrildiusulumsguadinelubeses
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Uslaaudauaginnalvieglussduiivansausgiaue

Fudsemuosiiivssleniuasfulsemunsiagile
lunafigaiunniu (Thanatornkeerati, 2020) §U7e
pshueMsidloonsguiletasmuausduthima
ludoawazaisidensulsemuluduainiivuinnin
lusfuandnd (Annan et al,, 2022) Tngluusaz Fudnn
wudimunayonsnudildiFeuianninlasnns
yaugifUasldsunssnuilulsmenuiauazlvigives
FUaetedaye v sigUsanunsaduUsEnule
ag1nzaunulsAver Uiy nsildiusiulunis
AuaguanUigvesnsauaI g Uledaiuidn
Paundnluaseuaiaulanunazguaniuluegied i
arwiimelafnniulisugiheiifaundnluaseunia
W%’@uﬁ%@jua (Hertel et al., 2019)

3. nMstemasdNtnluAsauAsa (support)
mislvinstigmderthswazaseunilusunsusum
wazmsiieunumionlunsGouiGeslsaumiu
Inefitavanyivnsiuiulinisouws Useiiu hiewmde
dUleuarAsaUATI (ElSayed et al., 2023) asn@nlu
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waznisatuayunisdeny Judu (Foster et al,
2016) Mnnsal@nwinudn gUaglasunisatuayy
wdosdiolumstassduihmaludeninuineuis
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dugdu (Insulin Injection device) vllaunN1N
Tsane1uramuansnisinwveslsameuna §9ns
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Ernst, Seinbriichel-Boesch, Altherr & Naef, 2019)
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4. nsatduayua1uesAns (organization)
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Abstract

There are three sizes of small dust particles known as PM10 PM2.5 and PMO0.1, which are particles
capable of remaining suspended in the air for extended periods. Due to their small size and high
likelihood of entering the lungs, they have a long-term impact on the respiratory system. In the current era
where technology applications and smartphones are becoming increasingly popular, system developers
are actively employing Internet of Things (IoT) tools to assist humanity. These tools automatically
measure dust levels to help individuals avoid hazardous areas and the risk of inhaling pollutants. The
pivotal component aiding in this critical task is the sensor. Therefore, this article aims to conduct a
comparative analysis of sensors used for measuring PM10 and PM2.5 dust levels. We compare the

performance of four sensor models: PM3003, PM5003, PM7003, and GP2Y1010AUOF, in terms of their

suitability for field use, design, employed techniques, and the evaluation of results.

Keywords: dust sensor, dust
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0-25 AMAININARNIN 1 AATNEINIARLN WgdnSURINIsINaIA azN1Tie L Tien

26-50 AAINBINIAR Te7 AMNMEINIAR ANsTAINIIINANUd N TRl
AuUNA

51-100  U1unans wides  Uszanawinly: aunsaviAanssunansudslaauung

Andeguaguamdufivay: wnfiennisilesdiu wu le mela
810N 3¥ANLLABINT ATAATEELIIAINTTYINAINTTUNAIUIS

101-200  Guiwansznusle & Uszanawily: madhseTaaunm drdernaidesiu wu le
qUAMN melad1un sEAeAeIn AITARTYEELIAINTTYIAANTTY
nanawds wisligunsailestunuesmndaaudndu
wmammammmﬂuwmw AITANTEYLLIANNTYINNANTTY
NAGUA mal%ﬂnmﬂaaﬂumummﬂummmwu ol
913NN Wi Lo wgladun mdniau widuntien
Uitser Wladuliduund eduld seunde msUSnuummd

201 AulU  dnansenusioguaIn was yneunTVENAssRanssunauds vandseiuiviuaiumig
91nAgs wieldgunsaldaatunuemindanudndu wind

9INITNNAVNINAITUTNWIUINE

Note. From “Air Quality Index: AQI” by Pollution Control Department, 2023 retrieved from http://

airdthai.pcd.go.th/webV2/aqi_info.php
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AQI PM2.5 PM10 O3 Cco NO2 SO2

(uan./av.a.) (UAn./av.u.) (ppb) (ppm) (ppb) (ppb)
iy 24 Flussaiias wie 8 Talussaiias e 1 99lug

0-25 0-25 0-50 0-35 0-4.4 0-60 0-100

26-50 26-37 51-80 36-50 4.5-6.4 61-106 101-200

51-100 38-50 81-120 51-70 6.5-9.0 107-170 201-300

101-200 51-90 121-180 71-120 9.1-30.0 171-340 301-400

1nnd1 200 91 Y 181 auld 121 3ulY 301 3uly 341 auld 401 Fuld

Note. From “Air Quality Index: AQI” by Pollution Control Department, 2023 retrieved from http://

airdthai.pcd.go.th/webV2/aqi_info.php
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AN TFIUE Az 009 lUUTIEINIAYDIN 1N SENA

Udsgine PM10 (uAn./avu.4.) PM2.5 (uAn./au.4.)
24 714 19 24 Falu9 19
p9AnIsoUtBlan (WHO) 50 20 25 10
US.EPA 50 40 - 25
avamnglsy (EV) - 50 25 8
U
-Class 1 50 40 35 15
-Class 17 150 70 75 35
BuLAe 100 60 60 40
aealus 50 20 37.5 12

(Unued 2563)

¥ ¥
1 v i

v

NUNANATOIMIAUALIAGOULATSTINYIA waziunfdesnislesiududivay

2 dwsuiinende N1snndivd Nuigrainnssy waglunyuum

Note. From “PM10 and PMZ2.5 characterization on the relationship of diseases related to air pollution

in the area of the 4th health zone. an exploratory study (Master’s thesis)” by S. Phamorn, 2021

Copyright by National Institute of Development Administration

52UUR5InUTINMEUATaDY

N19M9U095EUUATIINUSIN MR uAL 0B Al
nseanuuvgunsaifildluteundindunsianau
az03 Usznaudie 4 asdusznou fail

1) wudwasinAduazaas (dust sensor) &
nmMsvnulagafenisduasaoiAewasiueynA
duilaogogluenie

2) faruau (controller) viwithitlunsidiey
TUsuNIUAIUANNISYINUDIUBSA (MCU ESP8266)
AR mesadunamnnedniunsilulday

a Y I3 ¢ o W . =
DUNDNULIUNDT LaLBUnaNU Wifl 198 Internet

' g
= [

Feanunsadslvigunsal Output vaule wu wewnes
lugadiad Wusy

3) MQTT Protocol ¥iminflideusiefiy
Suwesiiln viauuw TCP/IP Protocol lnuriuunaiin
Toyaiisudswuaiin annisld Bandwidth vaelunis
Usendanislinasanuvesgunsel

4) Cloud Database yiwtinfilun1sdaLiu
Toyailaannisdsdayadndigudiwesiiu Node
MCU

5) daundanINg (output) Vi diuansua
Iinuglderu Ingr1u Mobile Application %38 Web
Application

v v
v

Vel MANAMSYINNUTTUURTIVIRATUT el Y
AroR UL lLlRLaARIRUA N 1

NANNTNNUTDITLUUATIVINHUAL DBILAY
Usuaninmenne Fuduidlewuimesinauazeed
nvrainruareedazddinunilulasreulnsaiaes
(Node MCU ESP8266) 1lusanuguiiansnsaides
Rofudumedidnliniu ssid wag password Aildan
access point fideuss Favziuauasdsniulusy
MQTT Protocol ludauiionaveiinianfudayalilu
Cloud database wagludruvaslulasaoulnsaiass
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srfinadeulusunsuieulvdmdunsnureaaios
Wanen el (air purifier) 1§ ileAiisunniuninend
fvunazdliilugasiad (Relay Module) inliiades
WeonenAaunsavineuls wazuananadilarulds
Mobile application %38 web application (kongtip,
Kaweekitprasert, Jitkamnungsuk & phakakoew, 2021)

nan1siSeuLisuAwuesInluazaag
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NIUVDAIUALBTUAAE TUAINITIS 4

WS UBUNANNISTINIUVD UG URALYDS

NANMIYIUYeILURS InANUAL P4 (dust
sensor) BUALHABNYUIAENILYIINITRABINIAUTLIN

& MQrT
Protocol

Cloud
database

r— B

Dust sensor

ESP 8266

fiflijuazesinuiii Air channel wazldndnnisnszide
Yosuaawes lnsazUszifiunaainuanaeinly
nsgnufveynALeIuassluenIA 9ntuTIUTI
waansziddlussduniuandulfmomaiudsuly
aunan lngavdsaudyyiaudidnnsedndaiu
1993NIRAzIENEd e f L UN1 AL AN
sEAUUSINMYeEuLazIUInE YA AR EVUIEUTIAS
lnglulasluswaiwes o1vinmeenuiluguuuuves
dyyufIna (Yartit, Wannachai, Vimonthanasit,
thinnakorn & Sampattakun, 2019) Inguann1syinau
Lézfulfzia%’;’m’]s'guazemﬁgq 4 JUIVANNISYINURININ 2
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AU 9 LANARINIS19 5

— (@

Mobile

< Application
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Relay Module Air purifier
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MaSguiigy AaauTAvesduYTes Ju PMS3003 PMS5003 PMS7003 Uay GP2Y1010AUOF

s:u PMS3003 PMS5003 PMS7003 GP2Y1010AUOF
32999901579 2.5-10 um 2.5-10 um 2.5-10 um 2.5-10 um
szuziiing 0~500 ug/M’ 0~500 ug/M3 0~500 ug/M’ 0~500 ug/M’
GAGLLEN 1000 ug/M’ 1000 ug/M’ 1000 ug/M’ 1000 ug/M’
AUATLEEA 1 ug/M’ 1 ug/M’ 1 ug/M’ 0.1 mg/m’
ANMULUTY
s DIA. 0.3 um 0.3 um 0.3 um 0.3 um
distinguishable
Consistency of PM2.5 +10% @ +10% @ +10% @ +10% @
AMUUTU (25+5)°C 100~500 UG/M? 100~500 UG/M? 100~500 UG/M? 100~500 UG/M?
(50+10)% RH +10 ug/M’ @ +10 ug/M’ @ +10 ug/M’ @ +10 ug/M’ @
11NTFIUNTNAFOU  0~100 ug/M’ 0~100 ug/M’ 0~100 ug/M’ 0~100 ug/M’
ANTNLINA DY
AR UAUDN <10s <10s <10s <1s
UsganSantaaiu aidl i g i
A155UNIU
UFuugatoaniadn- el i i laid
20NVDIDINA

=3 1 1 = a
YUIALAN 19id] lud i i

Note. From “Alldatasheet.com.” by Electronic Components Datasheet Search, 2023, retrieved from
https://www.alldatasheet.com/view.jsp?Searchword=PM7003

.

i Electric
. Electric Digital

Laser Air channel onal —
it signal

Laser . X Filter amplifier Micro
Light scattering
resource R . circuit processor >
measuring cavity

Sensor

AN 2 NENNISYINUVBITURLLDS

Note. From “Alldatasheet.com.” by Electronic Components Datasheet Search, 2023, retrieved from
https://www.alldatasheet.com/view.jsp?Searchword=PM7003
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Mt dunmsliesrzidsmunilingUszasdiioiinssinisieuvesudena (pneumatic impact wrench)

a

Aduedesilodmivnsiulsznevadnindoivesnszuiumindnlugaamnssy lnoidmneveanuidesionis
v adenlnidniunngirasunnugndewesnstulssnovadnindearevienauiilifesnisnsaaey
wsaadunduvesadnindenlagaziden nadnsvosuideilantaiiluiauidszendldiussuunistesiu
aufianann (sruulnanloing) fdwifinsaaeuniugndestesstuumsadslunsdulsznevadnnden
AryUionauveInszuILNsHantugnaInnssy lneviin1sinszinisinnuvesuienauandyyasuies
JaAufuay (pneumatic pressure sensor) finauduatluszUvvREAvdenauyuLagiinT AT
MnesuaniAsuuUaslutivarlutisnarivdenamsinmu Insthszuunssnmansnauiaie (fuzzy logic
system) suduipdesilolunsilaseyt namsiesginisvhnuresudenaufessuuasinmansaquiaiotie
Judimela ansnsndieszsimsiauvesudenaulsdn unsalussdnduniunionsalliifaussdnduuy
NNANITIBNUIT N5BATIZENITIINUesUinaumeszuuassneaniaquiasedanudululdlunisin
Tuimuuagldasslugnainnssy

ANENAY: Udenay wuwesinmuiual sruuasInAansaquiase usadatundy liiausedaduniy ssuu
lnan-leing
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Abstract

This research utilized computational analysis to examine how a pneumatic impact wrench, a common
instrument for tightening bolt assemblies in the workplace, operates. The aim of this research is to
discover a new substitute that does not necessitate a thorough analysis of the tightening torque of the
bolt to confirm the accuracy of bolt tightening using the pneumatic impact wrench in the production
process. The findings of this study may be used to improve the error prevention system (Poka Yoke),
which is in charge of ensuring the precision of the number of attempts made during bolt assembly
using a pneumatic impact wrench in industrial production. The operation of the pneumatic impact
wrench is examined using a fuzzy logic system to assess the instantaneous change in air pressure
during the pneumatic impact wrench operation from the pressure sensor signal that detects the air
pressure in the system during the pneumatic impact wrench operation. The results of this analysis
are acceptable and can be used to assess the tightening or loosening cases of a pneumatic impact
wrench. The results showed that it was possible to apply the fuzzy logic system’s pneumatic impact

wrench analysis to industrial manufacturing.

Keywords: pneumatic impact wrench, pressure sensor, fuzzy logic system, tightening, untightening,

Poka Yoke system
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(Semsri, Suksukont, Sisamut & Pudtipatkosit, 2021)
Fududsilinseziintudsituanunsadostuld
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AMUNANAININNTEUIUNTT (Somsirikarnjanakoon,
Prasopchaichana, Tongjiphitak, Suthachewa &
Srikosak, 2018) warlunszuumsusEneuduause
adnindenluiiagiuinisltindesiiongvatsuszian
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fefu W vdenan vdenluiln nsesduadninden
wuUnSuues uanasesdioniindu  nssuiunsUszney
adnindeaildudenaudsudradufidouiosnind
arusndlumsieunnniiviedy q ludiees
N13ATIVADUAIIUYNABITDINTEUIUNSTUYTENOY
asvdenauazlduszuainusedna (torque wrench)
Pifunsesdlolunsnsegouanuuiuresadninden
(Xia, Xie & Wang 2019) wag (Xu, Zhoa & Chen 2019)
Tneedosilendindazgminrliudsnildlivienas
Uszneutunuseadnindeaseau ostuasiivlg
1 lunsyuaunsesiiaestuneudisiufionsyuauns
U52NOUKAZNITUIUNIIATIEDY B9t afvaeUszua
Taussdnfearuisansivgeunsslinvesadninden
11 Wuusedadunduliegnsasiden avwanzauiu
nsvuIuMsUsznauiliinuddtuussdndumivues
a8nnAen fog19eu NTEUIUNTUTZNEULAT BN
nsyvIunsUseneavdesasudiiudy Tusiuvesde
doturededdaesiunsudiefulunszuiunis us




Tunsyurunsuseneviudiuluunenssuiunishi
$udusriomaaounsidatunuvesadnindesis
iesnniusedavesudonaniililunisduagninden
Tuftesnedmduussdntuuiuvesadninden (Lee,
Talluri & Chung 2019) #BIN1TLNEILATIVEDUI
nstuadnindelnsugniamiuduulunszuIunis
WInli A98199U NTEUVIUNTUTENBULNUAUSDUTID
T wasurumdniunszunnlfindossudidudu

¥
av Av a

NUIBUARINIITIIMINGENIUNTATINEDU
AszuaunIsTulsYnevadnindelnleudenaslu
nszUININARTlIFIN T TIIdR ULt DTN LTas
ganinaelagaziden Wiewan1snsun Tumsienu
vosudenauluusazafudunishavlunsdusdn
Fuwiudelil Womuwinnsiesizinsvhauees
vaonauluiauiiuszuunistesiualuianane
(Poka-Yoke) fifvthilnsiasoumnugniesuesduiy
adslunistudsenovadnindsanioudenaues
N3EUIUNMINEAIUGAAINNTTY WetlosuauRanain
vpIn15TulsEnavasninaellunszuIun1sUsEnau

vienawSeussusauduedeaiiefilddmiu
Juusznavaaninden Ineduannisvinaumsliaulva
swluilawes mndulsme fasinnsvauuazdads
uilgagnd (hammer) fideusioagfuuny Anvil (Lee
et al,, 2019) lunausiivonauanulunsdussdndu
wduaziiansnsenuiungluyagnd denalvlsines
Winnsryuiasgadudsnnudamznssunnves
gnilutsmsihanuiiliiamsdeuashnms
Inavesauiinty dwalianusuanluszuuiinns

o

wWaguuUawmuluaig fideTaduwiniufniiagin
ANUAUaNnaNsasukUasTulusruuluv iy
11191171536AS1ELNBYININITHTIAEBUNITVIN91 UV D

13
uaanad

TUN1500NLUUTTUUIATIERNIDIZUUIUN
Ussiantuiiianisiivannuanedneiu wu 33nsmis
a0 (statistical approach) T¥UUATINANANSARULATE
TAseveUsraiisy (artificial neural network) ey
SEUUBU 9 2INNITNUNILITIUNTIURALUITT
Herdomuin fmniszuunssnmaninquiadoldi

wlflunsinsed a59du wazsuunuseian 3
n1sinanyszendldlunuasiianuunndeiueenly
mudnuazvesuiithlUiinsedt 1uideves Khalid,
Yusof and Mokayed (2011) ¥innsnsiageuaneidu
paulailensnudlenUssmdmsun1nsadeu
anefunazyNIATURAMIEITUURSINAERSAQULATE
Tngyinsinsgsiann svezvesaneiu nanlunisidu
NAYRINITILATIERANTATIUIBUTEA ML B UL UY
UNTEaUNAU (BPNN) LazNavoInIsitAsI1ziaInnig
wUsnauduUsransanduiusuuuiiesdu (Pearson
correlation classifier) HadnsraIUITHA1NTALAY
UsvAvsmmwasmadameiliuls lnevhmswieudiou
NAN1TIATIERAINIATIUI8UTE AT B ULUULNS
goUNAU LAaTHATRINITIATIEHIINNITUUING Y
Fuuszansanduiusuuuiiiosdu muidees Anas
(2016) vmsasradureuingioglugunmsneszuy
AIINFNERSAQULATD 1AEININITUITEUUATINAIENS
AquinsolULinUssAnSa mvesdaneifiun1sniig
FUTOURUULAL HadnSvesudTedaunsaliiy
UseAnBnmueansnsaadureuTngliatuld vuide
284 Pharne and Patil (2017) ¥innsitadedaunnses
YDINBLAIDIIILTZUUATINANANSARULATE Lneyiini5in
nsduazifieuvenames uardyaluviins
ATIZA NOANFVDINUITHAILNTAITTBANULVD
wawnasliegluinuaianing seusuld deslasy
naqua wazsensU il ansnserneypensTiRentedlivh
nsnTiadeunariIgeinuInouiaziinaudeme
1o 91ideves Ulkir, Gokmen and Kaplanoglu (2017);
Karuna, Ganesh, Das and Kumar (2017) T¥sguu
nssnAIang AquIATe AT g Ay unduliiiy
néuie (EMG) iievhnsudsussnvuesmsiadenlm
va3Uailn Ineg Ulkir et al. (2017) thdgyeyiasnnyinnis
MAMLAEIENS Root Mean Square--RMS Wavelet
Length-WL Wag Kurtosis (Kurt) tieidudunnves
JLUURNTINANANTAQULATE (Karuna et al., 2017) 11
Fu1u1vin15mIALaaa833n15 Root Mean
Square--RMS wagiaussulniirvesdaymrandu
BUNRVBITTUUATINAERSARULATE HaawSuas Ulkir

et al. (2017) @1u15068nUsELNNVBINIS9T00lA 3
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5EAU WAy Karuna et al. (2017) @1115048nUs8L0N
vaamssauaznsindeiloldodisas 3 sudu edes
MAdyaTUh ssuursInmanieauedoduedodon
ladndudewinisaou (training) TWiusE U @
THulddediadfiouiuiztuy 9 vuideves Buemi,
Giacalone, Naccari and Spampinato (2016); Sahid
and Alaydrus (2020) sz uunssneansnauLATons
Junsianaslug Ty Buemi et al. (2016) %1013

v [

Y LAUDNITATITUNSAANAS NI AINIR Lomeeas

ax ada °

fane39u (Horus Algorithm) tHusanesiiuiinisy
SLUURTINAERSAqUIASBLUAUMMYRAYRIiniga (Pixel)
Tunnfiensaziinmasinl waziluimszisede
FRsmageunsiedeulmuasdannds diedasie
N ANIIUVRINITAANELM $1U3F8 Va3 Sahid and
Alaydrus (2020) iANILUILDIITTUATY [WUWes
Tamsveulaeenlyn LavwuwosnIIATULUAINAS
Judunpvesszuunssnamaninquiaie wagyiinig
wWisuilsunsnevaueassiensiinmdslndveduns
wiazadafisuiunaniotuadssansawlunis
As193uNSIRnmAIntiveswuwesunazeiin 91U
39809 Kumar, Raj and Abarna (2018) #5323U%8
Ranandniussuutundoutewmedindent 3 e
AILILUUATINANENTAGULATE YIINITIATIENINAN
nsTuAvDIIAAIATiaLAmes (Stator) e 3 wid uaz
NAIMMSYUYD LD HadNEYeIUITEanIsn
WATRANIENTINUYeame ey lunueiUng
§unse wazdunsenn annsaludsegndldiile
Jostunawnes llliiAnaudenigla 1uidevss
Mendoza, Schweitzer and Weber (2019) NS
73299UNSNATBRANAINE1MSUN1TE15A (Arc) VB
gunsallwineluduimedinsesaiauiukasseuy
AssnAansmaua3e laeagvinisinnssualnihangly
Jrufierinisiased wazviinissiaesnisensa
THAnTuLiieriinssrassaniunisal nadnslusy
HeanusadaglinsiuisennisvesanuinUnfves
gunsallaineluduiiAetuldndaanninisensa

WnTuluszuy 91939899 Gougam, Rahmoune,
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Benazzouz and Merainani (2019) yinn1538a8898
UNNFDIVRIARUNTUANUNITUENAMEN YULYDINTT
wUasvldndaUsedng (EWT) uagseuunssnanans
Aquedonelianiaymevhauiiduuds Taeviinsde
nsduaviiteuiiiniulurasfindesdnsineu was
nsthdyaaitinldluamnidnidsedng die
msuenesrusznauresnud wavihnadnsiilaly
JuUBUNAYRITEUUATINANEASARULASD HAANSVDY
MAyanunsniiadelain adugntuegluan1izuni
ARnUNRTIARI LT ULeN ATLRAUNRTLAR

Nwutuly wazAuRaunAnfinandagnnas

sruunTInAansaguAsaluIRTim LUy
Tunsldau Wudshauisadanistuanududaures
szuuleung9f (Ulkir et al,, 2017) wazladf e du

nsesgifigienluszuy fafussuunssnaand
AguLAIodslidnenngeuazidududoniinlunsi
NNE51958UVILATIZY (Sahid & Alaydrus, 2020) 210
womadrsfulunuifeisadenldssuunsanmans
raueesnduedosdiolinszimahausesudonay
wazuoNINUTTUURTINAARSAquIAaTifiugIuaN
Afinmans Ssesnsnthssuumsianeilunideily
AagaaimuIlUsunsunsitaseiliaunsaldlany
lulnsmoulnsaaesithlulszgndlflunugnamngsu

ASTUIUNISHAR LA

v
[

TuiAdeiliiausdsnisinsgini sy
YDIUAONANFITZUUNTINANARSAGULASTE LNEATIZI

A1V UTBIUADNAN

A5aluN1598
1. aunsal

gunsaiflflumiadeiuszneuluime vdonau
WuWaTInAMUUAL AfaIN Y TaIng Lazlilas
povlnsawaes vienauilunuided do uienauiive
Kuani 1 KI-1308 kandfiann 1 wuiesinaiuauas
f9f0 SMC §u PSE-530 FnAnufutas 0 A 10 U9




oundenionsing 1 i 5 ladt viwvhitinanaduay
Tuvaizfiudenauyhaunansfenin 2 Araumsses
aind B9e Airtac 3u DPSN1-10020 T m3uuans
AnusuanlusrulLardeuiguwuesInANLAUAL
nauldau wanssanin 3 wazlulasmeulnsaians
Arduino Mega2560 viwiifienua1nInuduauain
WUlwesInAUsuaLLazdsliAaNRIneIiIn1g

ATIEALANIAINN 4

Ineludiuresgunsalazinisousaiudail

S¥UU Pneumatic 981w uwasinAus uauaainy
JEUVANVDIUADNAL F9NIN 5 LiaTnAUsuaLYaY
cl' @ o 1
svuuluvasivdenanyinanusazldlulasaeulnsaass

B1UANANUAUVDIANIUTTUUINUD S INANUAUAL

LazUIAIAMUAUANN D 1WA UIINISIATIZA Aa

AN 6

TudIUv9IN1TIAT TR UIUIZAS 195U

e

AngdygrumgsruuaTInAdnsaauaselagly

9

TUsHNTU MATLAB TUADUNNTIASIENELUNULERNS

A7)

AININ 7

AW 1 vdenauBve Kuani 3u KI-1308

AN 2 WuwesinAuRLaNEia SMC U PSE-530

a el v

A 3 FdansueTaIndEvie Airtac Ju DPSN1-
10020

AN 5 AINLEAITEUY Pneumatic

NN 5 KUY 1 AD urasdneau
NUNELaY 2 Ao WUwesInANuA AL
NUELAY 3 Ae Udanal

2N 6 MuLEnINTSRBWUERTInANAUaNiUlulAT

Aoulvsalaesuasiadesnouiames

NN 6 NEaY 1 Ao WwuwesInANuf LA
wnela 2 fe lulasreulnsalass
WneLaY 3 Ao LdeInoufiames
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Pressure Signal

Noise Reduction

Prepare Fuzzy Logic Inputs

Fuzzy Inference System

h 4

Result

A 7 LAASAIAUTUADUNITIATIZAS QY

2

PNAN 7 TuRUNTILATIERd Y uaziloy 4

e

YUY A9Y
15U uanneue S inauauasl
2.013NT0IFYYIUTUNIU

3.015W38uBUNAEIMTUTEUUATINAERS
AQULATD

4.35UURTINANENTAGULATO
1AYSIUALLDUAUDILAALTUADUIL AR I LU
Painky

2. N1INTOIAYYIUTUNIUY

TumAsuilgmnsesaunuiifiies (1DKalman
Filter) Tun13n399deyQIaIsUNIUNINYQYIUVD
WULDTINAMNALAN AINTBIANANUNRLAYINANNNT
51'\15 Marselli, Daudet, Amann and Pellandini (1998);
Roveda, Riva, Bucca and Piga (2021)

fn=f(n-1) +kn (pn-f(n-l) ) (1)

o A
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dle  f Ao Andyguiiinisnseaaiedy

[ @ Adgyaaiviinisnseaaiaduly

kn fm A1 Kalman Gain

p. Ao Adygiuanwues

3. nMsmseudayadunnd1niuszuunssnaans
ARALATD

nawdsdeyadunplutunouusnasiunis
wendganalurisiivdenauyiauesnaindeyeiol
favun wagdunoufiaedutuneunismiendeya
SunpdmUUTTUURTINMARSAaLILSe TunBun e

ﬁi’fagaﬁuwmﬁm%izuumiﬂmam‘ﬂqmm%aﬂ?u%
Humsueniadeiidemalaensstondiaszsinisinau
vosudenay Tnedsiidudadendnvesnishasizy
figredl

1. YUINTEHLUN9UDIVBANTENINUABNAY
LALUWDI IAAINLAUAL

2. 5888N"I7UVBIUABNAY
3. Snugnaauiiistuluaeiivdonauine
4. Nuladevedgnaduse 1 gnaay

Tnedastlude 1 uduladomeveniianunse
spyldt daudo 2 fade 4 WutladeiAntuainnista
ausuatluvaeiivdenauyhau dewhnisueneen
1NFYYIUTDIBULLDT TNAUAUAL LaBunay
Hadeitimaniouteyaiiuandraty wansfaelud

3.1 N1SHENAYI0

nswendyaiafonisidyyialuy i
FoensinTiesninanduanasioian wasdyana
fifosnimseilumiadded fe dygralutasiiuien
auvineu %aaﬂmmﬁuﬁaﬂauﬁé’mﬂmﬂ%’amuﬁﬂ
AL WaRIFan 8 (1) MNBLAY 2

[

UINTILENDBNITIATIZYA DY TENINNTN
BUAULAZYNAUEATRINTHENdYY 1 RouluveInis

(%

wendeyaas fail




B < 30°
Signal = {Signal = Signaljg_q
a > 80°

3.2 528AINTTVNNUVDIVADNAY

a1unsamlaannaIveIgaEuRuaUiuna
VBIYNAUGAVDIT Y IUTFDINTIATIEN

top = tstart — lend

3.3 Iwuanaduiiaduludoyyiu

ﬁi’wmugﬂﬂﬁuﬁLﬁmﬁ'ﬁulué’muzymmmia‘l%
FBnnsmyasenvesgnAduLATIINITMAIaTaNYD
$ruaugasongnaduiiomsiuiugnaduiiAniuly
Teyey e

SAUNIDIA
Dy

a

FBNIIngenvasgnaaulyld’

(%

Usgnauadgavesgnaduiy q 435013 69

fo 2 fa-1

peak = {peak = f,
fn 2 o

e peak @ yapenvesgnAdu
/) fe dyayraulagdu

f(ﬂ”)
S

Ao dygraluseudaly

Ao daaluseuiiugd

BN1IMANELANVRITIVIUINLAGNAT I

[

o)
cnb
)
-
ol
Lo
=D

ny = peakn + peakn+1 + peakn+...n (5)

' v
=

We  n fie Saugneduiliaduludnymy i

| peakn mlpeak(nhn) Ao YAEENTBIQNATY
Pmleannaunisi (4)

Pressure (Bar)
Pressure (Bar)

0 0.5 1 15 2 25 3 0 0.5 1 1.5 2 25 3
Time (Sec) Time (Sec)

(n) (@)

A 8 AN (D) LEARITINITVINNUTDIVEDNAN NN (V)

wansIsn1suendaulutiiudenanyinau

NN 8 NULAY 1 AD YISUNAIEIVEDNAULAY
vaenausuiidnsinisidausindu

2 oA o’ N o v
NELaY 2 Ao Ynvdenauiisnsinisivay
UTIAAIT

WBLaY 3 Ao FaeUasendudenaulutig
fiudenaslaiisnsinsldauintu msuendayanaily
Frsfivdonawihnuesnuiiierinisiasest annse
Mlaa1nn1sasiadeuAINaInLBuIvIdy gy
(Jumahat, Beng, Misran, Islam & Mahri, 2019) lng
YMSAIUIMIILY £ LHeM9AEUAUYDINITUEN
Ay LagAIINIYY a Lﬁamf\méuqmaami
wonduaa 00w 8 wuladndnwardynialu
YIIENINMUAY 1 neuwdgraneiay 2 dyyiu
feruaadesiosandilng 0 eem wuin gy 4 3
Afosndn 30 e iunsBudiguisnsihaues
vdenay wazanvazdygralutieseninamneay 2
nowgnunea 3 Fyanadianuanadaiiutudi
1n& 90 99 U3 A & FAunnan 80 pean 1
Psfiudenaungan1sinau

3.4 WuillRdgvegnaiy

& 4 4 a = a4 & A
HuNafeYeIgNATUNNETIY LIRS NUT
YoerAuAFuaLTintuluvaEiudonaninau lng
Tunsalusedaduninaziivuiniaievesgnaauuinnd
A Moy A o i dl = a
nssllyldidunsedaduniy iesnniimavdsuudas
YDIAIUAUANINNINTENUVRNF (harmer) Tu

a a Y 1 L 4 4 A o~
VUSVENALIIUAVULUU LASNUNIRAYVBIGNAAUN
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yuauaneeiulununugvesagan Tunsm
fufladevesgneduliimemiuildnamieuiius
warluauidedlaliinsussanauinus faeng
Avdoumayuasihnsmeiadeiuiivesgnaduiiie
Juitsmaludygouiievinnismniuiindevesgnedu

TmsUszanaUsiusmengavisuaimyll
AUN1T A9 Ratanaprasert, Ananchuen, Chumchob,
Supaporn and Howsud (2016)

b —
wa = Wa[f(xo) +2f (1) + -+ 2f (xp—1) + [ (x)]

(6)
Weo  wa  Ae WunivesgnaAduiy 9
b D PASUAUYBIRNATY
a Ao YAAUgAYRIgNARY
n Ae Iurugavesdyaulugnaiu

Sx,) daf(x ) de Apuduanlutienaiy q au

'
1 -

NUAIANNAUANAILNU U N UBIGNARUIT ¢

v '
A =

NIMIANRAENUNVEIgNATUTLANTUNIVUA

e

Tudyeyraudiaunis asil

_ wa, +way,q + Wa[n+.n)

X
wa n

de  x  fie Auadeiluiivesgnaduilintu

N ludyao

wa Ao uRivosanAautiu
[n...] { L

n Ae IuugnAauavaaliAnduly
GTIREY

4. STUUATINANAATARILATE

1%
av

Tuanuidedlavinn1sas1eszuunssnanans

I3 [

AauLAIeLiiadnTIzin1TviIuRBIUdenau 18R

u
Joyafegnediuau 100 Toya uundunsdliiouss

Unduwiu 50 Teya waznsalusedaduuyy 50 Yoya
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TunsunsatessuusssnaadaqueRedusuAaT e
Asvieuvesudenay lunuddedld Fuzzy Logic
Designer Tiiuidosflodmsuassszuunssnmans
AALASOTRUIWNTY MATLAB Tun1sas1essuuinsien
warldszuungleduuuiamani (Mamdani) lnglaseasng
fuguvesszuuRTINmaninquietearUsznaulume
3 grundndeiu fie nsudasdeyadunaialulsr
Judunauwuuiled (Fuzzification) n1s3dadevdenis
AR (inference) wagnsasuvinma (defuzzification)
(Pratumsuwan, 2018; Gougam et al., 2019) wan4
AN 9

Crisp Inputs

_____________ —_—_—n

Input

|
|
: Membership
|

Functions

Fuzzy
4 Logic
System

Mathematic

|
|
| Process
|

Crisp Outputs

AN 9 1ATIETINUFIUYDITTUUATINANAASTAGULATD

o
o

PUADUNITATNITLUUATINANEASARULASOLY
lUsunsu MATLAB ilag 3 Jumaunan 9 alefiu

1. Fuzzification azsduni1sas1eilanduniny

\Juau@n (membership function) v8edoyadunn
waztoyaleing

2. Inference azidunisadengilad (Fuzzy
Rule) @suiiAs1ein1svinauvesudanay

3. Defuzzification ANz UIUNTATULMAHA
YDINTINAANSARULASONTONTTUIUNITHUALEIHNA




4.1 a5eilentuauduaann (membership

function)

a aa ° v s

Tunuifeliidunndmsussuunssnanans

£y o [ 1 a I3

ﬂquLfﬁaﬁLﬂuﬂ%aamiymamiamswwmﬁﬁwmu
yosudonauinunsiuiu 4 Suwn uazfitordng
Y8ITTUUTINIU 1 10ine dn1sasieflanduaiiy
Duaudnienun 5 Haiduanuduaundn luusa
Herdupuduandnaziauuandraiueenluaiu
anvazRNIzveBuNmLAazYila nunsaieilandu
anuduaunfnaunsoassldannismeade A
wnitgn wageAiosiign 1nMeg1steya wagsinis
Usuileidumnaduaundnlivunzauiussuuinsgi
nnmsmtsteyaiudeuiuvosasiladduaiiy
Huaundn

NN 10 AP TuENNTNTDIANEY
vieauawsorinuale feil VS--Very Short S--Short
M--Medium L--Long wag VL--Very Long lagisiay
nquaziiAimuevieauLasylnvesilerdunnundy
N3 ol

VS = [0 0 2 4] vUn trapmf

S =[2 4 6] wila trimf

M = [4 6 8] ¥l trimf

L = [6 8 10] U trimf

VL = [8 10 12 12] vil@ trapmf

N0 11 Arpduanndnaessezaan
Msvhauasnsaruals fail VS—Very Short S—-Short
M--Medium wag L--Long lngusiaznguasiissesiiad
wazafinvesilafduninuduandn feil

VS =[00 0.5 1] ¥Un trapmf

S =[0.5 1.25 2] ¥ila trimf

M = [1 2 3] vl trimf

L =[235 5] ¥Un trapmf

nam 12 Arenuduaundnvesdiuiu
gnaduansatmualddsd L-Little M—Medium
uaz AL-A lot Tnsusiaznguaziidruiugnaduuay
yiavosiladdunnuduaundn fed
L = [0 0 20 30] viim trapmf
M = [20 30 50] wie trimf
AL = [30 50 120 120] vii@ trapmf

NN 13 ArpduannBnvessesaan
Asveuansan uale @il VS--Very Small
S--Small M--Medium L--Large way VL--Very Large
Tnsusaznguasiifiuiiindovesgnadunazeinues
e dumuduaundn fail

VS =[000.01 0.02] vin trapmf

S =[0.015 0.02 0.03 0.04] %iln trapmf

M = [0.02 0.04 0.06 0.08] vUn trapmf

L = [0.04 0.065 0.085 0.12] ¥l trapmf

VL = [0.08 0.1 0.3 0.3] ¥ilA trapmf

A 14 ArpnaduaniIneeananis
Fis1esianuisasinualdfell U--Untightening
F--Fuzzy uag T--Tightening lneufaznguazilAna
nMsiessinazadnvesilaidunnuduaundn fil

U =1[00 0.2 0.5] vila trapmf

F =[0.25 0.5 0.75] vla trimf

T=1[050.81 1] ¥l trapmf

Vs S M L VL

Degree of Membership
o
(4]

0 2 4 6 8 10 12
Input Variable “anugniagan (uns)”

A1 10 waninisasieiadduanuduanidnues

1
AINNYIINBALU
Vs S M L
1
o
£
@
[}
L3
=
[}
=
%505 .
[V}
[
&
jo)
a
0
1 L 1 L L 1 L 1 1
o 05 1 15 2 25 3 35 4 45 5

Input Variable “szgziiannsviiu (uail)”

A 11 wansnsaseitentuanuduaundnvessses

nmmw‘f’mmawﬁaﬂam
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Abstract

Transitioning energy systems towards carbon neutrality is necessary to have creative initiatives or
new innovations. These enable local governments and stakeholders to provide energy policies. This
research aims to develop and present a method for integrated building energy modeling. This includes
the analysis of energy conservation measures and energy-related CO, emissions in an urban area.
The research used Pattaya city in Thailand as a case study. The scope of the building type covers
only residential buildings. The results show that the total energy use and energy-related CO, emissions
in the six building types, including (1) single houses, (2) single buildings, (3) two-story houses, (4)
townhouses, (5) commercial buildings, and (6) hotels and condominiums, are 44,176,062 MWh/yr and
25,714,886 tCO e/yr. The analysis of energy conservation measures revealed that replacing glazing areas
with Double IGU with Low-E, installing wall and roof insulation, thermal film, and solar photovoltaic
rooftops have high potential for energy-savings and energy-related CO, emission reductions. These
measures led to total energy savings of 12,908,646 MWh/yr and energy-related CO, emission reductions
of 7,514,123 tCOZe/yr. Local governments and stakeholders would benefit from the proposed method

for energy and carbon-neutral decision-making in cities.

Keywords: Energy conservation, Energy efficiency, Building energy simulation, CO2 emission reductions

<4 &
g ;%< g

UNun Weatuanuigtesiuninensuazaningiiennie

9 - - o st duteddmiasaniiuiyuvuilssiuldndanu
ludagdulanfianngiiennialiufeuudas ° *

| < )y - N Sunan mnanunsaannistdnasauainluin
iﬂaamnnLuaﬂmﬂmimmammawmumm LAY

R oo . WasuunTun1sland 19U NI UnLUR sUwNY
UsensMANIUeE19539157 I AN1sAUauleule 1

v e o e e wm e - WU NSAAGILAIYANSAE N1SAARINIFUAN NS
PP UNFIIUBALNTHAILNNL T a Il UsEANS A

Sa & o o ¥ W ey WANIUTNE LaTDU 9 LB TI5UAIUABINTIUNTS
wazfedutuyinlaginuindsdu lasdnislandeau

L o A . TewasunelusiasninedensaaANsa1s150y
NUNANGIUNYURsuieTosas 19 lavdu

z v ¥ A 1AULRNNIL Y1 TILEITANS AR LY @NUNTaRARINY
winUszansvedlanviavanazerduegluwniuiiiles

- 9 . PRIAATHIIVBIDANS TRl Uszanaulaevald
AmuUszanusaeay 55 LazAIANITAIIN TUaUIAS 3

. R Aunsavdanazinunltleagneana (Liet al,, 2020)
fLaue9UTEINsVRIlanaNNTUD IS DAY 68
Aelud 2050 (UN DESA, 2018) tununga1uin 4

ANuABINTiInaUlunn 9 Auliugauuiuds

wazdalidnnilauinsnisiaiunsaannisldndeau
melueansliegededulagriinisusulenisay

ve 2 X e P300DNLUUDIAST LN IANELN U9 81ANS T T NE 99U
NALAYASILFLNSNTUVDINTSUAREA WS DUNTEAN P o ) o o

A4 o anslurud lunasidunisusuildsunsauninnng
(Greenhouse Gas--GHG) Lsumwwmﬂﬂulfqumu k o

P DV - D e 81A15 NM1sAeTaNiuAIILSaUN18lUBIANS NNSANRY
WalnsnNa1unesesar 70 wariin1suasenig

. v , . _ atnufuALSeU NsUSUaBuSTUUUSUBI AT
Asuaulneanlunseeay 66 (Alhamwi, Medjroubi,

v o X o Tuyeduanmsiangsanulni nsusuasunaen
Vogt & Agert, 2019) n1sldwasaululniiunigusy

, ) NFEFIVINTUM IS BaLiisuede
U 17 atU? 3 Uszduiou Auengu-suau 2566 v A < B
i g atuinermansuazinalulad




Ilusendandennu wagdu q dudruuaduannsnis
Bagnigalugdpumsuauslalueuian

d195Ue1ANTTI N TNANNATUTINAUUNS
lganfigad MndeIn1sIeRunsidnanulueias
Tiiuszansningetiy mslisginassusudoyn
Thduszvuszfou [Wunagnévdemdululfuasd
Uszansnmlumsdanisdeyaiidusiuiuann Ae n1s
Tuuudaesssuuamsaumannegiianans (Geographic
Information System--GIS) Lﬁaﬁwmimaﬂaau%’aga
WU dmaniuaranmwinaeulagseu
(Li, 2018) sl¥nsuansdouaifeiufivuinlng/du
Founazdlaldiededu sogradu lunsausy
w¥au Fogaduasaunansgiimans (GIs) du
aunsatisdumadenlunisidenuinsnisndau
ARearunslinganuveseiaisld Seanunsarild
‘wé’amﬂmﬁmiwﬁ%’agaﬁﬂmuummawhﬁ?u (Ali,
Shamsi, Hoare & O’donnell, 2018) agalsAnu
Anuenaunlunisdrsranaznisiiudeyaidedn
yudeyaingdiynag vnatoadmdumaiy
tuiindeyaifiolflunsaiugudeyavesenmsiuiuy
YaanrarUsennuealasiasiaennnsta (Al, Haris
Shamsi, Hoare, Mangina & O’Donnell, 2019) wag
iloflariinszinslindanuluensiaesalagld
Toyarfiondndosiu uumsiiduiiteunazdids
Toyalalagde Ao NMIaTIUUUTIABINGINUAULUY
Y9991A15WFazUselnN (Reinhart & Davila, 2016)

wihsnuiesdu Yninules wazg v
ULBUILATUNRIIUTNIZYIINI TR ULAZALATIZH
Foyafundsnudedeyaluiuiivesiiosdniadu
Foyafidrdndrisdeyaldduin wazdwinnisiiu
swsmdeya nsafregudeyaveseinsdunuud
firvazdoaanyluldasiio Insdguraniening
nuszRuUsEmAneasrUssautamlunisinssideu
vosunastoyaiiednveusazynna suiomnainnis
Annevideyarundsnuiiiuemeamsinlusydu
RndesERuLIUIAYIt (Nutkiewicz, Yang &
Jain, 2018) Tagn1sAnwiuudnasandulueing
fitegdrlugdulalaliidnsfununudeyaves

g1A1sinalogeanysal 18899INN15IUNUA Y
nasutulirsglasun1sIan sz aulaeny

1Y

lusgauviesdiu Aulusguraviesiuidiadeyandday

17

Fsndufivaslunstvuauloviedundanusg o
FBnsaauuuiaendsnulutlagtulilslideya
fdndudmiunsinndeyaidedn sawdedeyanis
Tondanuluenarsluguuuuresdoyaansauinanisg

a s

ndAEng (GIS)

Y

YDUMIANISANEIIAY

n5ANwITeillavinnswauianisluns
A594UUT0 AN ElLEIATUULYTINITHASNNS
SipssRiUseuiiou enansne 6 Ussuan laud (1) S
e (2) 91A15tRe7 (3) Thugest (@) mahénd (5)
21A15NYd Lay (6) lssusunaznauladidouy anu
UININIINITBYTNYNFI91Y Fesrudenisindauna
Tganswaduundsan dethlulluninsnsnisannstd
wasnuluenasiisinende lunsisefegldiuiiiios
wnerdadudemieandisrvuslngvessandlnedu
ASUANYI

o

AUILEIANISIVY

1. e NaULazU L @NeIs NS UNISAS WU
TIADINFIIUDIATUUUYTUINIS

2. L HRATIMUUTIADINGIUBIAITUAE
AATIAUINTNITRUSNY NI URaN1TUa DA 19

Asvaulaeanlem nsdifne Waeimen

a t:lt:l' d' v
UUIAANH B NLNEIVD
WA M UUTIRDINE UL UUY TS
TuwanunFnwilosinenazwiioandu 4 Junau
van 9 lngazuanslilunin 1 wagtuneudrAglunns

AATIRRALNIUTINTIVTBYAAIBNATATEN0 9

Tunnsasrawuuinassaunsananalasnsmaludl

FALHERTASEJOURNAS oL, 17 No. 3 September-December 2023

Science and Technology



1. grudeyaIA1suuuandld n15asegu
Toyave301A15HNDAEI 6 Uselanluguhuulau

AIRALUUEDINR UUILEUNTOIALENININTINVD
mms‘ﬁag'mﬁaﬂy'wmmma‘luﬁuﬁﬁﬁamw%wﬂé’
wazdesonsuUaendsziane1ns suniudinu
Snvarerans Swauonstuituiidne wazdu 9
Tneglusuddeildiusunsy QGIS version 3.28 e
g ldanusoadianisfunmidaddneu fafiudeoya

duandaya wardiasizndeyaniegiamans ity

3D building energy modeling
Model mputs SketchUp

Analysis of interventions
Interventions Policy Reference
| assumptions building models

Baseline energy modeling

Energy and environmental
impact assessment

Building stock modeling
Google Map QGIS modeling Model validation

JauanansiunuluzuesmssgudnuurLas LN
F3via Mot ssuuasaumagisians (GIS) T
duisnsuasfuedesilefmunzandmsunisaing
LLUUﬁ‘hamL%aﬁuuﬁLLwaaaﬁaﬁuammuLﬁm IIAPEARY
FEAUANGIURR1ATTIUTULUY aRulld waraullA
ausavhlddaesenduas Gl i (Sola, Corchero,
Salom & Sanmarti, 2018) dannsldszuvansauma
pilenans (GIS) asegrudoyandvia e1aiduusslov

AON1SANUANINTNITATUNGIULALLBUIAR

STEP |

Final selection of the
alternative

AN 1 ﬂ'iE]'ULLu'Jﬂ'ﬂllaﬂﬂ’ﬁ'J’NLLNuWﬁN"Iu‘U@ﬂ@Wﬂﬁiﬁﬁ’ﬂaﬁﬁﬂLLUUU‘JimWﬂ’ﬁ

NINTIVINTURTINEFUD AT uede
atuinemansuavinalulad

o

U 17 atU? 3 Uszduiou Auengu-suau 2566




2. MIAFNUUUTADINAINUDIATUU AR
Tusupeuilavdunisadrsuvusiasuuanufifves
oAU 6 Uszane1ms tieiduennns
Funvuiieziluldlunshesegdunnsnisiuannis
THnasuaIusg o) lngluudnanires01A1TAULUY
annsasniunislalaeldudnaulusunsy Openstu-
dio $2ufu TUsunsy EnereyPlus Litesiasenisld
W&IUL8191A15 EnergyPlus @3197u Tng National
Renewable Energy Laboratory U9403¢N39Na19Y
ypsanigawint unilsluiaiosdlo du Building
Energy Simulation--BES (DOE, 2021) EnergyPlus
Wuldsunsusiaseniseanusounaslusunsunis
ATILANAINU @Ta i AIRuAUIUIMAILST U
wagauduiidesnisdmiuernsld Falasdiuunn
TUsunsu EnereyPlus Tuumeudidailuans 9 atu
g Wlfileadredeyameiundenuifiolilunis
WIsuieuAveIAIsUsZLAY 64 9 (Stadler, Firestone
& Curtil, 2006) lnglusunsu EnergyPlus agloanweus
TOYANNNLATNYBIDIANT ANINNTAIART 2NN
9INA LATITUUDIANTAN 9 WU syuuiAuLdy
waysEu1eeINA [uRuY

Tunsairsuuudnaesemsiukuulaiinig
dmalngldinsesiofuniiuilly Google Maps iile
puuaveseIslaeviall uenannd wisdimedeng 4
W1 AIUEIUBIBIANTLALAIINATOUAANTYDINLANG
szgnUsziliusnelusunsu Google Street View Lile
Tilunsruiunsaauudnass Luuinaesazgnuand
Hugunsaunin funuuazgnadisduiiouaninadns
yoen1slndann Fegragu Sty asane
yAna NAINTTX wazswazdengunsalnisluvasusias
fu Tngifumumuteyanslfruananiunisaiaie
ntuazihdeyafiivsusuiomedlulusuns
OpensStudio Inenseuannsdndeaulusianst
froguundnnisauganianudou Tawdaunani
fouditiuin aunanrwdeulusinia wagnisdnaes
JEUU01AT5 Wen1sAunaunanuseuliuandly
Tuannis (1) f9aunns (4) (Kampelis et al., 2020)

Qxsot™dLwRQconv — ko= 0 (1)
Taen
9" vsol = Fduase1indngadulagnsiaznszany

(AMNEIRAUEY) LazHanAIINS DU

q LWR = NNTHANLUABUNANNITLHIIFAINL1IAAU

A5 (ANUTBU) NUBINIALATENINLIND DY

q

q’ .= mskanaguranuyuiguiveinia
conv d

AYUBN

q”,, =fmshnuseu (o/A) guis

el g7 LesudnsnannwIsfiwaseng
9 WU AWML YUEAZAMULBEIURINURY TaniuRn
3 o d‘
LATANTNOINA G 1y gnimualaensuaniuieu
v a 1 = a £ = a 4
$edsynIaiuaiuiuAY e uazeniea @1uisa
Aualafsaunisi 2

qrwr = EO'and(T;nd - Tstrf) (2)

+50'Fsky (Ts%cy - Tstrf)
+80Fair (T;ir - Ts4urf)

'
a

Taen
g = N5UADYARUYIIVDINURT
o = ANA9N Stefan-Boltzmann
Foa = Uadevesiuiindeiugauma i uR N
Fopy = Jaduvesiuianiaivaumgiiveaiaeii
F . = Uadevesituianioguugilennie
T = PUUANNURINIBUDA
Sur 9 v
T = AUUNANNURIAY
g}’ld ] U
T = NNV B9
Sky 3 Y]
T . = 9UNNIVDIDINA
air 9 v

FALHERTASEJOURNAS oL, 17 No. 3 September-December 2023

Science and Technology



ANSAIUIUAIIUSBUIINAITNIAIUSDUVDS
LUUINADIEIUTAMbAANUANNNSN 3

Qeonv = hc,ext (Tsurf — Tair) (3)

Tne?

coxt = ANAUUSEANTNISNIANUSDUNEUDN

T = DUNATUNUNR?
surf LA

a

= 9RANBINIANNEUDN

ailr N Y
msﬁmmﬂ'wmsﬁwmm%’auf;jwﬁfammiam
lAnNuaNNI1SA 4

Qo (t) = L0 Tot-js — LizoYiTit-js  (4)

Tnei

T = geungil

T = 9UNNY0I09AUTLNDUNLUBNVDIBIATS
T, = gauuniivetasadsenounisluredains
I = peAUsEnauNuluYBI81ANS

0 = 93AUTYNBUNNBUBNYBIDIANT

XY = {Uadunauauss

3. 3npsmImadenanmsiaasny lumsinsen
wiasmsnadenlunisaanisldwgdeaududu
waé’wéﬁlﬁmmﬂmiLﬁusfmiam’faaﬂammamﬁﬁ
LAEINNNUNIUITIUATTULYUNITAS 1ULUUINA B
91ANSAULUU (Building Energy Models—-BEM) e
AWATIEYUSEAV AN INEIUTR981A1S (Reinhart
& Davila, 2016) N1SAANALLALNLUIA1IAANSIIU
anuouiuaseniinddsinu ihlienmgiinnelueians
anad (Marina et al., 2019) n1sldnaenunyuie
nawnunsEndsunlidundn uarnsiaesi
Uszavsnmuesnisansaunsleaniwaduundaiuas

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 17 atU? 3 Uszduiou Auengu-suau 2566

8u 9 (Li, Ding, Liu & Wang, 2016) antuthunadna
LUUTAReImSFULUUTe U e e i WS sy
luemsvesImIsiazUsznn TaeaziinunsnIseng ¢
UAnzikazU Ul fuusazUssanenmsiiie
MN1sUSeuigunInsNIsLearUseLANINuIngNIs e
Husnesmsiingailagazuianasmslunisannsly
wdsuluerasiinendeldidu 4 Ussianudn q
Faolud (1) nsindenszanUsendandsnuiioan
audeulueans (2) MsinasauiuiunLSeundan
(3) MmsAnfananAuTaun1slueIAs wag (4) nsha
Fundmafaduundan Funnsnissenaindunis
naunanuAsidunudAunagnsundany lngusu
Tz fusefuriosiunioszfugiinng

4. ANSEADNNINTNITATUNANIUYDIDIAT
Suuuu Tudunoutiasdutuneudiansnsadas i mun
unsnsviselAflduldidensuisanasnisuazng
donmadundsanudn wesnislefiaunsaannis
Tdndaunielusinisuazmuizauiuaansiinn
onfies 6 Ussuanls Tnenadndildazinnainnis
AATANTIENSINUTMVRIDIATUsazUTELAN 910
Hurhunasnisie 5 wasnisudn 9 W1d1aesluLuY
11899911 TAULUULAE NN TUNUTHUTENI WU
$180991A1IAURVUAURUUS109071A 5T LA FUNIS
diunasniseng 9 @rlulusuudiaes TN
Wiguilsuwaziiaszrnsltndnulnesiueeing
fivnondedta 6 Ussian melufiuiidnwiianus sy
1ATNNIAN 9 FasamdanisiunaiuiinanisUdes
Mamsuenlaeeniasmnnskindseuluih Tngluduneu
anvieiagldguteyauuudiastennisiiogendusia
6 Usglan wuuaiudd grudeyanisiindanulag
sluens uaggudeyarinislindanuiianas
AABNATANTANG 9 Feanansataelsigiidvuauloune
Aunasuayaig 9 e lugelunsindu
Talunmsimuauleuieaundanulaselulusuiam

4. 11RINNITNITAANTT WA Y

4.1 NYINNYUBNDIANTHUUTLUN RTINS
YFuusslnalagldTannfeuiianszanaginlinsly
pasunglueIAIsiLanaIeg19lusE@NTAN way




Jumadendimdmiunsdanissdanuaeniing dh
gi01n3 fhethawils fie MsiAdeuilinszanuuy
WnsgIusielangiu (low emissivity) Bidnlaslasiin
woaslulasiin wazdamnuLin w1sAAa (Marina et al.,
2019) N15USUUTIUTEANTAINKAEAUANAIVDY
nszanuIuMTeiRndsluetAsiy Ae nsAnga
Faniidan £ i iflofiaztiannsusiisdnnuaseing
dluTuies (Zhai et al, 2017) nsganiifinnsiadeu
HanszanLuuEInsgIunelaneiu (low-E) uazildy
nyeaLas (cooling film) aglasuideniduuinsnisan
nslindssuluoinis

4.2 QUIUNUAIUS DUVDINAIATSAL K

& & a = A 2 v
Jududnuilaunsnisilunisdanlunisannisia

waeulueIA1s ToRvesaNIuAUANNSIUARINUME
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Wasudhiulassadsenansialaedie Jestuninudeu
Taflfdesiludsaudy N 197 Taensdimasang ¢
annsauansladeeluil (1) Thickness = 0.15 wms
(2) Thermal Conductivity = 0.038 W/m.K (3) Density =
12.00 kg/m3 wag (4) Specific Heat = 960 J/kg.K

4.3 nsfesaunddeanswadiulneuniay
JouRndeuundsainszduiumisinuashesenis

fnnd (Li et al,, 2016) NMsAnRILAIgaNSIwaaUUNAIAT

o
g

Humnaeanshindanseualailwlausednsaan
geanturoutaduldonmniadsluaiuiidies
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mmamiumﬁwimLLmmemmaammaLLaviu
mqwu‘mmaaﬂmmmﬂmsuaqimqaswmmsm R
mmastJagimamumﬂuu”lmwmmwmﬂﬁzmu

Ansamveslgansiwadniluszrugiiniauazlusediv

Uszwnd (Zhang, Ren, Pu & Wang, 2020) $1139uil

1814TUsunsa Helioscope Litashasnisinddlsans
wasluitufising q wazduaulssansanlunisudn
w¥senilalit Tnefmuanrugudeiuiivedsanfivad
naenauladerne 9 wu yuenseauveslearswas
Favnaiilganswad Tosuuas Augnydesing o 1usu

AWandun1sidy
mAedezlddevimenlunsdine o
Wngnduanisunasenanizludwinvays fdn

azAgn 13 NGRRR! LaaDIIYA 101 DIAINLIUAN
:ﬁﬁuﬁ YUszanal 53.44 miwﬂiamm nsleTnu

) Q{ 1

Lﬂwaqmﬂaﬂmﬂuiaaas 12.47 vosiuitlassiy
YDINNYT LLazwaa“J'mﬁsJ 87,579 Wwis (Pattaya City,
2019) 1NUeYAT19RUYDIBIANTIULARZUTELAN T2
annsathutvuadssianvesenasielunisadi
wuusassemsiisnedeluiiuiidnusiesine s
ALLRYANITLUIBIAITLAATUILLAYIBIATT LA INUIY
YDIAAZIASTTRNIEALITORANITININ 2 Uy
suneulunisitasieisuiivunisldndaanuly

LHazUsELNNDIANSHENILAAININ 3
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91A15 2 47
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o1msitinedeluguuuudeya 2 I3 Tngldszuy
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F1uteyareeUszinne1n1s 91IUe1A1s ANUNdN
AT Wawdu 1 Ineswideildlitoyadmylun
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FUTWINUHUTINITBLI8 Google Earth 1iloa31e
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grudeyaluszuvansaunaniegienans (GIS) lag
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19380171 SUNALUTHUINUALAINITIUADTHI 9

UsTLANYB991AS Gruifien 21A51AE7 Grudastu
TunaD1ATAURUY

g (m?) 55 133 128

$mautu 1 1 2

UZNNRI AoUNInd1593U AouUNInd1593Y AounIndnsagy
External wall (W/m2°C)  1.00 1.00 1.00

Glazing area (%) 30 20 a0

U-value (W/m2 °C) 5.74 5.74 5.74

Lighting load (W/m?) 8-12 8-12 8-12

Equipment (W/m?) 8-12 8-12 8-12

HVAC equipment (COP) 3.0 3.0 3.0

FIUIUBIATT 49,135 6,252 10,048
UsLANY8491A13 nuLEd 211NV Tseusuuazaauladiisy
TULNADIANTAUKUY

il (m?)

$rurudy

Usglnuils

External wall (W/m2 °C)
Glazing area (%)
U-value (W/m?2 °C)
Lighting load (W/m2)
Equipment (W/m2)
HVAC equipment (COP)

FIUIUDIATT

AoUNINd15a3U
1.00

35

5.74

8-12

8-12

3.2

9,116

AoUNInd15a3Y
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50

5.74
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3.2

7,910
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Ussnnns1iimesuazUsnnnsean

w1518Me3 Single Single Laminated Double Double
Monolithic Monolithic Glazing IGU Glazing IGU
with Low-E
a Green Film BK Green Green Green
AINUNUN 6 Uy 6 Uy 6.38 {u 6 /12 uy 6 /12 1y
U-value 5.80 5.67 5.70 2.50 1.80
SHGC 0.56 0.44 0.73 0.44 0.32
VLT 0.7 0.07 0.71 0.62 0.49
f1319 3
gz//,/,UUm5&7@@%?@@'7ﬂﬁzfm’uwa”dma7@75771%@7#’5/%‘3@ 6 UszLny
U3eLNNv8991A135 Hruifien 21A151AE7 Frudastu

_—
‘.
.

“

TunaeIATAURUY

Annual Production (MWh) 20.10 6.826 13.21
Performance Ratio (%) 74.5 73.5 71.9
Inverters 1 (17KTL) 1 (5KTL) 1 (10KTL)
Module 36 (450W) 12 (450W) 32 (335W)
UseLNNv0901A1S R DERE

THLAABIATAULUY

91ANTNINVE Tseusunazmoulaiiiau

~

S,

Annual Production (MWh) 13.39
Performance Ratio (%) 7.7
Inverters 1 (10KTL)
Module 22 (450W)

12.94 248.2

77.4 79.5

1 (10KTL) 3 (60KTL)
21 (450W) 394 (450W)
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USLUNNYaI0IP 1T UMUULAL AT IO NAI97Y

UssLNNva981A1s Total Site Energy Total Site EUI Total Building Energy
(kWh/yr) (kWh/m2/yr) (MWh/yr)
‘ﬁlﬂulﬁlm 11,420 208 561,122
1AL 4,837 199 30,241
YU 2 %u 26,473 151 266,001
NLEd 29,994 187 273,425
1AWV 63,682 185 503,725
Tssusu&aouladiiiloy 8,382,758 273 42,902,955
Total Residential Energy 44,537,469
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Tlwindesnin nswdalninannuaalgaiswas) vinli
AsldngsusnvesemsUssantuieaanadle
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(1) m15n13 25 Single 6 mm (W) + Insulation
Roof + Insulation Wall + Film RL 01 BK + Solar Rooftop

ANU150aNTS I NaIIULlaUSe UL g uiuaIAis
sunuula 9,466,016 MWh/yr LazUsuiain1suaey

fwarsvaulaeanlenanas 5,510,168 tCO e/yr

(2) 419N 35 Double IGU with Low-E
(WB) + Insulation Roof + Insulation Wall + Film
RL 01 BK + Solar Rooftop @111350ann15liwaseu

dlenFeudioutuoensiunuuls 12,113,180 MWh/yr

wazUSunanisuasenisasuasulneanlonanas
7,051,082 tCOze/yr

(3) 41m3115 40 Double IGU with Low-E
(WA) + Insulation Roof + Insulation Wall + Film

RL 01 BK + Solar Rooftop @111350ann15lanaseu

f1919 5

UI9TNITNNA IUNFITY

denBeudieutuorensduwuuls 12,908,646 MWh/yr
warUsununisuasenigaisueulaoenlenanas
7,514,123 tCOze/yr

nsiaenld nsyan Glazing with Low-E coatings
Insulation Roof + Insulation Wall + Film RL 01 BK
waz N1sAnda Solar Rooftop gnszydn WWunnsnis
nsoyfnEndsuifivszansnmunniigadmiv
nsUsERdanasulazanUsuiaunsuandasunng
msuaulaeenlys lneriiduladiudensedimun
WHUIER IUNE LA TN E S TN
Fulunuddeilutrelumsdnaulaieatuanudun
A19M119A5UBY (Carbon Neutrality) waznisiUaey

Hulugdenuasuauslasely
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1 Single 6 mm

Insulation Roof
Insulation Wall

Film RL 01 BK

co ~N o oA LN

Solar Rooftop

Laminated 6.38 mm
Double IGU 6mm 12 mm 6 mm

Double IGU with Low-E
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N7 NFINIUSINYDIDIAI TN LU DI NE NN I1UUINTAITHAINIY

Renovate Glazing Glazing+A Glazing+B Glazing+C Glazing+D
window (MWh/yr) (MWh/yr) (MWh/yr) (MWh/yr) (MWh/yr)
Single 44,176,062 (1) 40,251,965 (2) 41,506,250 (3) 43,641,187 (4) 41,518,332 (5)
6 mm (W)
Laminated 44,647,987 (6) 40,733,055 (7) 42,024,441 (8) 44,290,552 (9) 41,990,257 (10)
6.38 mm (Wz)
Double IGU 42,622,581 (11) 38,565,328 (12) 39,808,032 (13) 42,021,041 (14) 39,964,851 (15)
6 mm 12 mm
6 mm (W)
Double IGU with 41,925,466 (16) 37,826,368 (17) 39,025,817 (18) 41,320,937 (19) 39,267,736 (20)
Low-E (W)
Renovate Glazing+A+B  Glazing+A+C  Glazing+A+D Glazing+A+B+C Glazing+A+B+C+D
window (MWh/yr) (MWh/yr) (MWh/yr) (MWh/yr) (MWh/yr)
Single 37,248,273 (21) 39,699,964 (22) 37,594,235 (23) 36,662,458 (24) 34,004,728 (25)
6 mm (Wl)
Laminated 37,766,810 (26) 40,365,150 (27) 38,075,325 (28) 37,367,776 (29) 34,710,046 (30)
6.38 mm (WZ)
Double IGU 35,456,734 (31) 37,944,900 (32) 35,907,598 (33) 34,720,612 (34) 32,062,882 (35)
6 mm 12 mm
6 mm (WB)
Double IGU with 34,594,175 (36) 37,184,777 (37) 35,168,638 (38) 33,925,146 (39) 31,267,417 (40)
Low-E (W)
M99 7

nsldnasruuazySinanisuaey CO, 9099Im15YAYUTUNNAMNINTNITT 40

Type of Original Building CO, Emissions WASNST 40 CO, Emissions  Energy Savings  CO, Emission
Building (MWh/yr) (tCOe/yr)  WA+A+B+C+D  (tCO e/yr) (MWh/yr) Reductions
(MWh/yr) (tCO e/yr)
Truiien 561,122 326,628 -763,823 -444,621 1,324,943 771,249
91R5HAE7 30,241 17,605 -28,005 -16,302 58,248 33,907
ﬁ’mz%’u 266,001 154,838 -21,641 -12,597 287,639 167,435
NG 273,425 103,906 -42,694 -24,852 221,195 128,758
DIANTWIYE 503,725 138,103 1,081 629 236,169 137,473
T5ausuuay 42,902,955 24,973,810 32,122,496 18,698,505 10,780,458 6,275,305
Aouladiilow
374 44,537,469 25,714,886 31,267,417 18,200,763 12,908,645 7,514,123
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Abstract

Designing packet switch networks is a difficult and complex problem. The mathematical methods

were improperly used to solve this problem. Especially the router network (or IP network) protocols

that find the route by themselves, such as the OSPF protocol, may not make the traffic flow routing get

together with the traffic requirement. We apply the Memetic algorithm for a worthwhile and effective

network design. Then, the performance of 4-10 node networks was compared to the Simplex and

MENTOR-II methods. The results of the comparison between the Memetic method and the Simplex

method showed that the delay efficiency of the Memetic with crossover method is close to the

Simplex method with a significance level of .05 but with less complexity.

Keywords: Memetic, OSPF, Packet-Switching Network Design

<

&

UNU

Tulvgiuszuupauiiupesduiuddianduiu

FAnuszariuluvany 9 au dealilinAuReIng

=

faziBouselnduszuuiaietnoneufinnes Ssoziii
%mmmmm1mmaaazuﬂﬁﬁﬂ%ﬁw‘%quqsﬁu Fededhty
AdesiluinIorisasufinmes lnslaniziadetyie
Sumedideiu fide Inslnaoatidumsvedlassie
uned Tnslnslneeatidumilifuiifouuniian
dmils Ao Inslneealetoafites (OSPF) (Duvedi,
Ashraf & Gairola, 2022) ﬁﬁ@mauﬁ’ﬁﬁﬁiwmaéfm
0 anwamnsalunsuidunnsiifiandesies
uazmsmanmaadunailidiesiudsieyanasaiian
uAnstmuadunsieisleoadionienavinlfiaa
Jaymarududsvesteya 9nn1sideyavanenszua
valugadumadsriuihlinadldlunsiiunses
Taya (delay) viandunslulassegauazlinseiu
Anudeansvesld dsilymiFeanailunisifiung
vostoyaidedudgnmdnluniotsnoufinnes

(Charnkeitkong, 2007; Dehestani & Hajipour, 2010)

7198 NSDBNBUULATBVUIYLUUANUIHUIIAIU
(partial mesh network) WugUuuunsieuseiiiu

TIUIUVDIVOIA Y WNT DU TENINAUNAUTDIN

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 17 atU? 3 Uszduiou Auengu-suau 2566

e —

Ingazidoninezlvdesdygraladonsodulnuieli

WwinzaskazAuAIiuN1sYIueg1aliseansan

¥
av A< o

[ 5 aa 9-/5 ada
QU‘NQ']‘L!’JR]EJLHN‘N']Lﬁua']ﬁﬂ’]3U§$E‘!ﬂ(§ﬂsﬁsﬂum@u’iﬁu

Hfndmiunndgyninisesnuwuudnssasdygyinly

]

139918 Lialdanfnsstedyalniiuszansnin

I = =

wazllAUANAINIURAININTIER Wazieas@nwnd

9

v
adaada A Ya v o a

UsyAvsnimvosiunewisidani HIEYIINTHDNTAN
WisueuUsyansamiuisauunand (Lanthong &
Jaroenrat, 2012) wagidiuunas-Il (Monsakul, 2015)
o991 3Buundndiduitnsiidussansnmlunig
nguf Tnedsiaunnanismfivadafiondeonnud
yoasmindiiniudngunuutiymlidszuudelu ne
Gusunnaunsimntivangliliawntigddmneg
Shemsinguamadnfiumadiiiumsnadusen
figndies vihlsildnadnsmuthmsnesenadnsaiaiian
dndBuumes-l 1{HuiEEsaRnluniseanuuufing
Yosndnarsluinioviglunfoudunisiinuaen
ﬁmﬁﬂmmﬁdaqé’agmmﬁ%ﬁﬂﬁ%gﬂ%aﬁﬂuLé’umq
fifoanstheTsTiBendn Incremental Shortest Path~ISP

1A599787 19 91nN159DNWUUAIEITILUNDS -1 wal byl

oA

Iglulasanenifign uitilulasseninaeaud@ons
SIAUTTOULNANDAUATT




Y s a v
NUILAIANITINY

= a a VUanaaaa =l =1

AnvUsEansnnveInsisIRnUSULiEU
U aaa A ' Y] ° ) A& a
AUABDU 9 AwAnAenUY dnsueentuulaienglon
1n8UseLiuUTe AN ANANNHASINVBINA NI I UAIT
delpyanudosdyanriuniediy

NS2ULUIAANISIVY

Tunsided ;ﬁ%’alé”lﬁz’ﬂﬂ%ﬂﬁamsmaaaLﬂu
TWsunsuoenuuulassnedldiauiues Seamnsw
YosszuUiaanslunn 1 lneBuguienusienissu
ANANADINSIUNITEBNLUULASEYY BUUSENBUAIY
UIUMUAYDUATEUY ANANIUABINITINATENINE
Inun (traffic requirement) §R31AUTENINTIUIY
anedyiuTuIulnug (node degree) wagdIuIu
auanivasufiy nihuddditnsdiifndumnisia
&1 n1slna wazAldselunsindeane i waz

¥

= & | o fa & a
dnn18ATUNTUAAINAAINEA NS LU UFULUUNITAR

sanedygruuazaltaendesdalunisfing

7198 Tud LIt URDUNITVINa UV IS UNANT
ANUIUNISARAY N5Eva wazAldanglunisAndsans
dyautu Usznouluaienszsuiunisang o auans

Tunw 2 fadl

TupBURINEINNNTTUAMALIUIYLR Wuafng
ANUABININISIVaveItaya WarduIugaLaniuaeu
=~ A o ] 1% A 13 A
1y tievinsguasATeYIed 1LY 1,000 LATEYNY
ALANUARNINUANTUA kavIIN1sdUAIINN

Tanedyaaunaziduluipiovis

seunluduneuiigeasidunmsiunainsy
nsivaveseyaluudazanedaynyin lneA1n15enIs
"Lmamaﬁaaﬂalumaﬁzymwmﬁ?uiﬁmmai’ammﬂ‘%mm
%aaﬂaﬁiwaluawé’iyapmﬁy’aLm'éfumaiwmama
wazthArnsznslraiinmuasainuniees
Fuaaufianzay wdamuamUsyansaingiu
AIAMUNVDIUATOUE

ludiurastunoufianudunisdaidenya
laslulouvesAin1sinfaedyaiaseninegluug

200 4 FIETANLULIEDTEN Ternamieed
awé’ggﬁgflmﬁﬁaaﬁlzﬁiamagﬂlﬁaﬂmm'j’] wazdug
sqmimimiszjmmmmsﬁmﬁy’amsjé’fgggwmszijdluum
wvinswaniUdsuduiy

b ) Na & a =
ntulutuneund lWunsuanuasudiu lng

A o

iihnsuaniUdsuiiueglugisdng 0.2-0.8 910
nsgusiuvts Fangueslaslulsuiignidensniiy
yalasluloyvesintesazuaniudsuiiufu uazsuiy
yosiunswasnisuaniUdsuiiui 1-10 30

Tutumeuivilunszuiunsmanaesiug 9
Hunsdu 2 ads Taeadusnazduiumisiviiflona
Winnsnaneiug lnedndiuluusazsuniivesiiy
fiflonaiin Wiy 0-19% wazduaiafiaes lunsdy
GRFCERIZE

seuluduneuiinn eldyaveslasiulyy
suam'wmiamé’i”’qmﬂﬁmiyﬂmismwﬂi‘mu@ FJ9hnsAuIm
wuuaned Ingld3snstumnuuudedildnsaduen
eluyalasiulen danin 3

NUUTINNITHINDINTLUIUNITAMLEDN NS
wanagudN NINALILS WAz SYAUIIKUULRNY
A o A o ~ a A
71 977U 100 58U WeUNANLUSHUTIB UK AT DU
lvrnamihsesaedyautdosiian Madnsaum
l@nEuy Simple Hill climbing ddunouduluss
21N 3

FutwanTvua, Traffic

) g
Requirement, T’H\mﬂﬂi,
snaugauan/aouiiy

l

0
Annsanuiyw,

v
>,

furums mauagmiFielumsdad
medym

o aa 2
TYAYYIUNAANAULAY

A a ¥
miFnelumsfans

AN 1 AIWTIUYDITEUUY

FALHERTASEJOURNAS oL, 17 No. 3 September-December 2023

Science and Technology



yaTns TuTawvosmmsiamamodoanasyn g Tnua
(yaTas TuTauidudu m)

SUS U Tnue, Traffic

. A A TasTuTansii 1 -n
Requirement, Triuaans .

Nuugauan)deuiiy asu

v TasTuTawi 1 -m
' v Y o A a ¥
quyalas lulsyvasaniminiefans i
maﬁmumumswonﬂiﬂuﬂ 1000 % > adudunniavesiiluTag TuTsy
' ] !
MUIUNAMUNVOINIT YU UATOUY e damiiun Fiess vouTns Tu Ty

|

wonya Ias Iy Tsuvosaimiin 100 ya

niy

7y

11 Fitness Anign Tns T

i = C‘ Gufnl
wanasuiiy ;
1 x
9.2 4 < -
= | ; i
P ﬁ: Tdfya Tns Ty TamiimuyaTas T TG uddy

}

| Local Search | > swop )
|

muanamiazaldeiunievis |

AN 3 mwmu%umau Simple Hill climbing

Tail

A5aliun15398

MATY 100 501

fidelevinisnageunisiTeuiiguanssauy

Y9IN153AN15InavastayalulATe ek

= Y4
nSeuneunaans e a e .
AULUANLUIYUNYUNULATDVYNDDNLUUNIYITDULNA N
End LAEITUULNDS-II

P . o TnglusAfedazulassaninisifeenn
AN 2 TURBUNITYINUYBIITNSTTAN « o a4 a v o
Ju 3 ngu nguusn fie ngunIevieNeantuuiieds
1R A9wulszrINsiniu 504 1A3eYIe Useneu
lUseyadeyainiorisvuin 4-10 Inun Alvuadng
10 1.2 1.4 1.6 1.8 uay 2.0 figuAuFeInIsng
vavesdoyatiunndneiu 3 4 usazyailinietied
Tiwisdmesdnugedililunisuaniudeudalunis
DONUUUTIANU A 0 1 3 Uy 6 90 WazW3ileos

M5UgI91UU 100 50U
oA = i 4 oA Y ax
nquiidaes Ae NqULATEYNETNBBNLUUAILTD

a < s a o L =) !
Funandaziidruiuuszvinavindu 108 1aseUny
Usznaulumeyadeyainsatievunn 4-9 nua lvun

, ) NFEFIVINTUM IS BaLiisuede
U 17 atU? 3 Uszduiou Auengu-suau 2566 v A < B
i g atuinermansuazinalulad



AN 1.0 1.2 1.4 1.6 1.8 wag 2.0 NdUAIUABINT
nslvavestayaniuansineiu 3

nguiiany Ae nguiATesIeiioonuuUiies
WS-l H91uulTzeInvnnu 210 1A30T7Y 1oy
wSetegnimualvirHasImveslayav LA Y18en
Tuwsiagluun AU 150 200 wag 250 Mbps 54
$ruruedernevieau 210 Asetne

1%
U Va v

adl {338 lAldlusunsu DELITE (Cahn, 1998)
FUATIENTTUUINUANS DUANAINUABINITNNS AT
Taya w3l sUnIUNTUI U IFI8N 1Y C+t
5217 GLPK Library (Makhorin, 2000) 88nWUULASD
Y1YANULAALIT WAL WITIRLADSNAINUA 1NUUT
YMNSUSHUIBUUSEANSNNUB AL ITNISEBNLU

fawanslusiivadnll

N15USE I UUSEANS NI NVBATRUNY

M58 dunsieuiioulssansamues
Tassrelaefiansanainwasiuvesafildlunisds
%auuachuﬁu'aaé’ngmﬁgﬂmww (Charnkeitkong,
2007; Dehestani & Hajipour, 2010) Tnonailaly
m'iLﬁumwaasﬂ’agashuﬁu'aqé’igﬁymﬁ Usznauniy 2
daunsaunis (1)

Link Delay = Fixed Delay + Variable Delay W)

Aludau Fixed Delay fie nandidoyanandu
quluawaﬁmzywmIﬂaﬁl’ﬂﬂazﬂizmmmaﬁﬂismm
5 ps fanlaluns @iu Variable Delay Tutsznould
fe nanfidiuniseluties uaznarildlunisds
vieutoyasuiaie dedrFvuniadovesioutoya
(average packet size) uarAINUISIVRIEUH Y0
(link capacity) faganansaruimAanads (Tp)
tlunsdsvioudeya leanaunis (2)

__ Average Packet Size (2)
P~ Link Capacity

dmsunaselulnisevewisudeya @110
AN UTEUIUAIEN B30 (queuing theory)
PBAILUY M/M/1 (Charnkeitkong, 2007; Dehestani
& Hajipour, 2010; Jaroenrat & Samrongsub, 2014)
warhanadeiiselutnines (average queuing delay)
(Tq) AgaunsamuIulaangunis (3)

u (3)
To=Tpr—p

Wia U fim 9xs1n1sltesdayayias (link utilization)
ibnanlglunisdetoyanmunnuyesdayayo (Tr)
wsenne Variable Delay agidulumuaunns (4)

U
T=Ty+Ty=1—5T @)

lng U @@ Utilization (U=l/c )
| @9 Load luaedgyayie

c A Capacity 38 AUSNIMNSIAEUDY

URHE

MAY Tp @18150AN08NAINNITAIUIM
Townsziduanasil (Charnkeitkong, 2007) Fsagla
aun1sini-ve9Ana1vuag Delay Cost (@) (Hus
aun1s (5)

U
Delay Cost (g) = P (5)

Weta U wnuluaunisi (6) azlamduaunis
Tual fsaunns (6)

la
Qa(lar Ca) = C— (6)

a_la

unann1sildarunsainunlyladesaniile
A1 @ Wnlnd @ wadwsaamizgdngnisiu

EAU HERITAGE JOURNAL

Vol. 17 No. 3 September-December 2023

Science and Technology



pruATsRpllaunsluluunla ey ineunlelegm

y S
il (Fortz & Thorup, 2000) Uszu18uA" - al A8
a~‘la

ANNITLAUATILUIYIY (piecewise linear) Tawlud
aunseenluvarsileuluifismAnainuliswesdy
o e v A Aa N ) ~

doyananlideuluniidgaian daaun1si (7) waz
WadAaIni9vesnasdyy aunsauiunaz

TAAIAINUITINNWAT DU ULD

@, (Delay Cost) =

( $ba =1y \
(I)a = 3la_gca

q)a = 1Ola _I_:Ca

Max < b, = 701, _1;_8Ca ; (7)
a = 5001, — =2C,
19468

(da = 50001, — =22,

e @ feo Aa1miag (delay cost) lalu
a

anedtyavesrlnuaniiansan L fe Anisenisiva
a H
va398a (Load) Vosanedyy s lruniiiatsan

C_fia Aemundegesdayayiad (bandwidth) vessiviun
la 1
NI UaT a Ao §9Y09AINUANRAN TN

danasnunlglunisSeuiisulseansnan

ns3veidunisiseuiiisuaussaurves
mi%ﬂﬂ”lil‘Via‘U@d‘ﬁ@yjﬁlum%@ﬂﬂﬁlﬁa@ﬂLL‘U‘Uﬁ’JEIeJ%
fiffnudeuiisuiuniornefioanwuudiedsdumng
nELagIBuUWes-Il lnsunazdanesudsiuaidun
nsveusaselud

1) Mesh Network Topology Optimization
and Routing-Il (MENTOR-II)

wuwes i usisafindaneSiusenuuy
wIedrsuuungedidanududeuniseiu ON?)
(Charnkeitkong, 2007) Usananalssd uaninum
wdunansivavesteyalaeldd1lafenisinauves
Routing Protocol i OSPF ﬁaﬁumﬂ%aamwu
sednglef Jeresladsiuumes-Il (Monsakul, 2015)

| U 17 atU? 3 Uszduiou Auengu-suau 2566

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

Ya o d"LUO aa

H3383ela 1 3Bumes-Il dundusndssudiou
UsgAvEnmiuisiifan Sansheuveifuumes-i
i Ao luvafloonuuuindtemdeanslunsetne
5"%fi’mummﬁmﬂﬂmmﬁaqﬁmmmﬁ'%ﬁﬂﬁ%’aaﬂa
Tnaluludunmsiidosnislunday q fu desfEen
71 Incremental Shortest Path—-ISP

2) Simplex Method

BTFunand (Simplex Method) (Lanthong &
Jaroenrat, 2012) 1WA nilanfuuvoaluswnsuid
a a a a wa o saaa [y
niUszansamlumeUUaionmadnsnaign ide
=V Yo ax a 2 X 2 o a a a
Aot msBumandtintusinioudisulssansnin
o adadda  add o ax = a A o
AUABHNAN AFUNMUILINDINITNNTARIATIO1AB)

a a & v ] U Yal
nauretuningiinsiudasluuulymilniisyuy
Pelrdanamuasuntasminysiaietagainisa
wWhlauwimandudsusaziasivaeuliog1aiivedl

as o ' a v = o ' v
Ha 15A9NaN29zIsNAUNSIUANU LU ¢ TAlinag
seaunsimuadminglagiinauuliudidmungly
NManEge Msdnguaumsdnidunsaudsiiiunis

I = v ° v o s
mutunaungnaes wazilvlanadnsaulmung
o & 1Y a o Aa o A &
atinsuitemnisesnuuuipIetisiliiadusndu
Srnudu i linsmAveuavesiineuriilaein
wazsnilutlaymuuu NP-Hard (Charnkeitkong, 2007)

3) MEMETIC Algorithm

SuneUARTTIRN Ammaruekarat and Meesad,
(2012); Wongthatsanekorn (2009); Chaimanee and
Supithak (2018) \Judanesfiuuuumnasaindinde
ﬁ’u%umau"‘;%l,%qﬁuqmiu (Genetic Algorithm) Deb,
Pratap, Agarwal and Meyarivan (2002); Srikaew,
(2002); Nuipian and Phimpha (2019) &sldwada
NFAUMIAINDUAILVANNITVBING YN TTAUINITNA
Fnen wazdwadanisdumuuumeiidindundie
TRl Fmouiiatu Ineludruusynovveslasiuloues
gniend T (Meme) unudhdu (Gene) iail tuney
335170 Uszneuludenssuauniseng q fail

3.1) AszUIUNITAALAan (selection) 1u

& Ao a & 2 ° v a
nszvIuMsaentasiuleunfnan Fenaanisvinlviia
nMsAumAmaUNananvaslyluusiassuvesduIl




TnsTailaviavn Tneweieildluemadet do msduuuy
19893480 (Roulette Wheel Selection) Favadedl
annsansuiieuldiuisdesdediites Slot
gunliiniulaetes Slot flvunalungasifieuldiu
Tomaveslaslulesiifmanumnzausnnuazann
gnidenlugiudnluldunluvaziivos Slot fiflvun
dnawieuldiulemavedlasTulsuiifapmimnga
tosuazazilomagnidenlugiudaluldtes dsun
Slot veIndegianusazYeIRzmliaNgnsIEuTEIN
ANuvsnzanvadlaslulsuusafMiuAANILNYEY
swvadlasiuluynd lunisdadenazyinnisiivun
wasinigaudinyuisdesidalnonisgy edlsde
sidmngaiigele Tasluleufignunulastes Slot Hes
furzgnandonludulaslulsuvesssrnsiudely
Mnduagrhmsnyuderiiodnidentaslulsuauasy
AuduIulsEnsideInis

3.2) MsuaniUasuiiy (crossoven Wiuduneu
BB eiusnssutiovasunvaslaslulondia 1y
AsTUINNIRAERNIINEY Sensyuaunsiesduduy
shensduidentastuloumguiannlastulendiiiy
NTZUIUNITANLADNUILEAD Ima‘lmhhmﬁ%tf‘?mdw
Tastulounaws (parents) wazainiuasyiinisuan
WasuiludusznindlasiuleuneusiAndulasiulen
gnunaesd wilaeiildudinisuanivdsudiuazla
IHiAnTutunlasTulsuonsdfignidenn Tuegify
arutasdulunisiinnisuanidsutiu Aisinasdien
oglugas 0.7 f1 0.9 TaemnliAanisuaniudeudiy
wsillaslulougniildfidnwazmieulasulouie
uinnUszns walaveanisuaniUdsuiiuiililuau
3”853@ N-Point Crossing-over fidunisuandeu
fuszarindlasTulaniidugiu lasfinsuanivdsudiud
wdntunsiiladnunisvegaiiiinue udradui
TunugavesmsuaniUdouily Tnediuiugavesnis

wanidguiiy n geilageadiAuinnimseiniu 1

3.3) n1snaneiiug (mutation) 1unisnane
ftugveslaslulenlng Allele vosdiuisumisiazgn
Wasuan 10u 0 FsnsRanisnaneiiug daglild
Aetulunndumisvesiiuuulaslulen wiazifald

ynauthazituresnsnateiug Jlaevinluudesd
mogludie 0 f 0.1 Fadepunnilleiiisuaiuyieg
o a a v & a a o
Wuluniswanwasuily dsuniswaniuasuiivazidu
AR LTUNISUANTNLNADENUNADTUNDUIONLRN dIU
nsnangiugudaziilondlunisiintdesniidainlvd
natee waAusedun1sutenianazasialasiulay
fmnumnnzaunitUssrinssunowdle

3.4) MIAURILUULRNIEN (local search)
(Sirinaovakul, 2008) JAULANFANIINNTAUMNTOYE
WUUSTTUATIYIINSAUMIURYALNeIE N TIRdR UTRYAT
AAAUATU WANITAUMIAIRDULANIZITUZ LIRS
goutayanndl avidenlafneumunsadliiunis
AUV Failved A aunsavintnsAUMAINBUIINToYa
A ' 1% Ny A oA ° A Y&
Adaualugann o 1o welldods Ao Amsuiilailu

P ° Aa & o aa o O
WiesAnaunwinty Liwiineeingn degstuneu
aa A v ° A 1 ax 1% '
Waltlunsrumansulaniz Ay In1saunuule
@ (hill climbing) N1sAUMILUUNNY (Tabu search)
uay Simulated annealing 1udu Fesuidediden
1E38nslawiwuudng (simple hill climbing) Mdu
aa 1 v Ao v Y] = PN
TnsAumdeyanildnuuzaaeiunstugui n1si
o o a a = & A =
tndugiazidenauniluitwengunlaeiiiiian ¥

a A A v 1% a A
mJE)\‘WWWH\WlLuaUuLLa’Jf\]ﬂﬂaEJEJG]L‘UWLLﬁ%MaﬂLaEN

)

a =

dl ¥ o Y v !
Armnaideliuaiagyilisiesinaingenwn 1ag

IS A

::4 P | a P A o g v a
UUDLEY A Uusﬂua‘éﬂx‘imﬂﬂuuﬂ’lﬁﬂum ‘V]’{L‘W‘U’NW
Aaa

dunanfnaneivglianunsailndadnungle

NAN15IY

fidevhmsnaasailomuszavsamenusng 4
‘U@ﬂiS‘U‘ULﬂ%@%lﬂﬁlﬁgﬂﬂ%ﬁﬂ‘ﬁuﬁ?&lagﬁﬁaﬂLLEJmmEJ
91UIURA cross over 0 1 3 wag 6 9a Wiguifigy
AUITTuNaNY wagiSiuumes-Il lnewSeuifieu
UsrAnsamenuanamiiwesaedyyin 1aii
Tolunisussuianasiunazaldargluniseonuuu
wsruuesetne Tanadnadesanddunse 1 - 3

LATKAAN t-Test AIM15199 4

FALHERTASEJOURNAS oL, 17 No. 3 September-December 2023

Science and Technology



11319 1

ANRAYIFIMYNIUTITY Y 104Y0UATOYIYTNODNLUUAIYTFHN 9

ai’ﬂu'iuimuﬂ Anadsavuadluaedyyinveaiadie

lunlody Memetic-0 Memetic-1 Memetic-3 Memetic-6 Simplex MENTOR-II
il 148.00 100.50 100.75 116.00 84.50 186.00

5 377.50 211.50 211.50 211.67 253.00 456.00

6 507.50 430.17 443.83 485.17 383.33 758.00

7 711.83 541.00 559.83 588.17 517.67 1162.00

8 1499.67 1211.17 1215.83 1314.50 1095.67 1895.67

9 2075.67 1815.17 1643.50 1801.00 1238.06 2485.00

10 2859.98 2722.58 2086.49 2549.32 - 3897.90
A9 2

ANRAEIaNITIUNITUT U IaNADONUUUIATOY 1A I8 TTH T

5’114’1u11ﬂuﬂ ﬂ"lLaﬁ'aLfamﬁh’ﬂunfﬁﬂixmawaaanLmum%su"m

lunedn Memetic-0 Memetic-1  Memetic-3 Memetic-6  Simplex MENTOR-II
a4 1224.72 8960.00 9050.00 9304.62 0.027 0.005

5 1357.92 12865.55 12817.77 13171.36 0.210 0.005

6 2005.50 24466.59 24614.63 27228.80 1.233 0.005

7 2727.69 36285.04 38294.29 42256.64 217.32 0.005

8 5396.80 59118.63 63284.85 75327.86 5558.03 0.020

9 9635.00 75512.02 81672.85 93797.50 335284.00 0.023

10 17222.77 93062.52 97911.08 129881.40 - 0.023
M1919 3

2
o/

AnademlTa1elunIsHnsunsaY

= 1

1E790NUUUAIYTZH N 9

ai’ﬁu'iuiwuﬂ AadeAldnelunisinandene

luaSods |0 Memetici Memetic-3  Memetic6 Simplex ~ MENTOR-I
i 326.50 316.00 310.50 318.00 253.50 270.00

5 717.33 785.67 790.67 785.67 545.44 540.00

6 1521.17 1435.00 1412.00 1540.00 1110.00 930.00

7 1711.00 1775.83 1792.00 1959.33 1586.67 1190.00

8 3820.00 4334.33 4613.67 3977.67 3288.67 2243.60

9 4235.00 4643.67 5460.33 4797.00 3714.67 2902.00

10 453251 4595.64 6376.03 4618.67 - 4478.45

U 17 atU? 3 Uszduiou Auengu-suau 2566

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad




f1919 4

A1 t-value 1387Mi299993500AnTIWIITma A8 9 (e1leunuIsqunantuas35inunes-i

t-Test 1281912900935 RTANNNITIANDIANG 9

Wiguiu Memetic-0 Memetic-1 Memetic-3 Memetic-6
Simplex 2.43833002 1.3186357 1.553 1.78114324
MENTOR-II -3.02374247 -3.97528598 -3.00904127 -3.39907716

1) wan15maassluf1uIaInu19v0IaY
U IUTINNATEVIUIN 4 5 6 8 9 taz 10 1nun

o

<

Wulddanin 4 Tnenssuseuiieuisidnn (wae) nu
IS RUWANTLALITIU UMD Lanaliiiiud 5TUNAND
LA U189NTIaNANUNUIVBIE 8 F UL B8N

acaaa aa 4 asaaa :U a a
ABUUANLALITLHULNDI-II Iﬂﬁl'llﬁllllmﬂllﬂigﬁﬁ/lﬁﬂ']‘w
[ v I

FIUNAINUINABNINITTUNANTLANU D WAL
USLANTAINNANINIDUUNDS-II

2) nansveaedludhunanidesnuuueiods
Aumedud) fnIetiovwn 4 5 6 8 9 waz 10
e Julusanm 5 TnedlovhnsSeudieuiziaan
(0Ae) FUIRTuMEN LA T Mo wut Bwuwmes
THnarlunisussanananonluutagn3n3sdainan

Y o 1

adaaa aa a @ c 3 ¥V

wazIsaUAN wrdlvadwnnin I8N 1sBuWAnGUUIL]Y
v | adaaa o o & a | a

na1teunindsddfndniuiaievtenivuialiiiu
8 Tvun uadnsuiasevrevunlvg il 9 Inustiuly
adadada L4 4 I ada @ 1
BUNfnazlTaIenLULTouNINITIUWANT LAy
a v A v v A XA N dl
Batinurlvunazldaidosnindetuiiomnsaviei

= =4
’e]’e]ﬂLLUUWUU'WWIWQJfUu

3) wan1snaassluauaildangluniseanuuy
sTuuATeUeTivg 4 5 6 8 9 waz 10 Wiun Wuluss
a1 6 TnedlovnsiuSeudieudsiidnin (ede) fuls
Fumdnduazifuumes wuin TR0 lHeS a0
firlisnelunsindaiannn i isumdnduas tmumed
AINENY

Wt ;EiﬁalﬁmamuﬁwLﬁaunmﬁiﬁ’ﬂums
ponUUUIAT o8B TIAN TSI L auanIUAsY

flufiuandaiu lenadauanstunm 7 Tnenwuin nsdl
aszuunsanasuiuezsilildnalunisussana
NADONLULLNNAY wazynnilduganandguduun
FuRazldnanlunseenuuuinniudndes

Delay

4node 5node énode Tnode 8node 9node 10node

—o—Simplex —m—Memetic —i—Mentor-Il

AW 4 AUAINVDIANNIAINUNVDIABA YY1
V9UATUNIUIN 4-10 TnAun

1000000.000000 ¢

100000.000000
10000.000000
1000.000000
100.000000
10.000000
1.000000
0.100000

0.010000 —

A—
0.001000

4node 5node 6node Tnode 8node 9node 10node

—e—Simplex —m—Memetic —i—Mentor-Il

A 5 nanlunisuszuianasanwuULAIaU1I8UUA
4-10 Tnun

FALHERTASEJOURNAS oL, 17 No. 3 September-December 2023

Science and Technology



Cost
6000

5000
4000
3000
2000

1000

4node 5node 6node 7Tnode 8node 9node 10node

—o—Simplex —m—Memetic —i—Mentor-II

AN 6 AlTINeluN1SARRWLATEYEIUNN 4-10 Tniun

Time
140000

120000
100000
80000
60000

40000

20000
N

Al/

4 node 5 node 6 node 7 node 8 node 9 node 10 node

0

—e—Crossover 0 —m— Crossover 1 —&— Crossover 3 —o—Crossover 6

AN 7 AN N150NLUULATEVNY 4-10 LU A7e
WATAN NIwINgakaniUFgudL Winu 0 13 uag 6

n1sanUsegna

AIdelavinnseaeulsEavEAmMNIseRNIUY

v ada <

IAssneUnemesidanUSsusuAuIRBnanduay
Bwnes-il lnoSunaassniedsfifianuseuiiou
FUITFLNEND Twdsiuasunulnuaveslasaie A1
Inuafng uaganudsanisnisivavestoyalulaseing
sunfusiunuiedy 432 1Y @aunimnaes

WSgueuseninadsiidsnduiSiuumes-il du e
it

n1sneaswduIIuIUIIEY 210 AT

<4

9INA1599 4 wansliiiud AaInYUes
\nTeUnRHIFTIANLUY 1 3 uay 6 9auaniasuiy
deFouileuiuisaumandasdalndifseiu dau
mnanseareteMiI RNl Egeuandey

JuduilaSouisuduisduinandaziia1uinnia

FFBUNANGNsEAUTudAunIe@da .05 druaAian

<

maaaa =

19U 09A588N IR ANNA LU UL DS s ULTIgU

q
v IS

AUTBLUUNDS-Il 9ENUI1 HA1Te8n3n3Biuumnes-Il
fsgduoddynisadi 05 Fsagulein Tusuves
namwesaedygaluedetis 3RS
wanasuiufiuszansnnaiunaimiedilngifs
wioroanIisaumdndiantos unliussansand
ANl
drwluduvesafildlunisussuianaiie
POALUULASENY WUI1 Fowuunes-Il Tnailunis
Ussananasenuuuties s Bunanuaydsiitan vl

[ |

JadunnI135n1s8undnduuazldinantasninisd

L XD

a °

fiandmsueIetiefidvunaliiu 8 Tnus widmu
w3otnsualuados 9 Tnuaduly 338Rneld
VatepNLUUTesNI s 8uNaNG wavBeiluunliud
wnantosnhituiiewieteiioonuuuiivunslne)
Fu luduvesAldaneveinsindandetnonuii 33
fianlHa3ovedifaldaslunsinaaunnnin3sady
Wanduagdsiuunes-Il auaisu

FeawsaazUlenn BITANTWIBNseRnLUY
Tnseneiiuszansamnilusivosiamuiuwazioa
TunsUsTaIananenuuy deeanuuuldiaietiedid
namsteslndlAssiuisTumand unnszuIunis
fanududeutiasniiirlvesnuuuldiSinasimang
dnsultluniseanuuuiaiednsauinluguinninis
Fauwand

&
g ;%< g

References

Ammaruekarat, P., & Meesad, P. (2012). Optimization by Multi-Objective Chaos-Memetic Algorithm.
Information Technology Journal, 8(1), 54-61. (in Thai)

Cahn, R. (1998). The design tool: Delite (software). Retrieved from http://www.mkp.com/wand.htm.

o A

) NFEFIVINTUM IS BaLiisuede
U 17 atU? 3 Uszduiou Auengu-suau 2566 v A < B
i g atuinermansuazinalulad




Chaimanee, A., & Supithak, W. (2018). A memetic algorithm to minimize the total sum of earliness
tardiness and sequence dependent setup costs for flow shop scheduling problems with job

distinct due windows. Songklanakarin Journal of Science and Technology, 40(5). 1203-1218. (in Thai)
Charnkeitkong, P. (2007). Network analysis and design. Pathumthani: Rangsit University. (in Thai)

Deb, K., Pratap, A., Agarwal, S., & Meyarivan, T. (2002). A fast and elitist multiobjective genetic algorithm:
NSGA-Il. IEEE Trans. Evolutionary Computation, 6(2), 182-197. doi: 10.1109/4235.996017.

Dehestani, A., & Hajipour, P. (2010). Comparative study of M/Er/1 and M/M/1 queuing delay models
of the two IP-PBXs. Journal of Convergence Information Technology, 5(2), 36-42.
doi:10.4156/JCIT.VOL5.ISSUE2.4

Duvedi, A., Ashraf, A., & Gairola, S. (2022). A Comparitive study on routing protocols: RIP, OSPF and
EIGRP. Proceeding of International Conference on Cyber Resilience, Vol.2 (pp.519-528).
Dubai UAE: Skyline University College.

Fortz, B., & Thorup, M. (2000). Internet traffic engineering by optimizing OSPF Weights, Proceeding of
IEEE Computer and Communications Societies Vol.2 (pp.519-528). Tel Aviv: IEEE Computer Society.

Jaroenrat, K., & Samrongsub, T. (2014). OSPF network traffic engineering by branch exchange method.
The Journal of King Mongkut’s University of Technology North Bangkok, 24(3), 503-511. (in Thai)

Lanthong, K., & Jaroenrat, K. (2012). OSPF weight optimization by linear programming method. Proceeding
of 9th National Kasetsart University Kamphaeng Saen Conference (pp. 180-186).
Nakhon Pathom: Kasetsart University. (in Thai)

Makhorin, A. (2000). GLPK (GNU linear programming kit). Retrieved from http://www.gnu.org/software/glpk.

Monsakul, A. (2015). Performance of design with MENTOR-II Algorithm for IP Backbone network of

Internet Service Provider. Information Technology Journal, 11(2), 62-69. (in Thai)

Nuipian, V., & Phimpha, A. (2019). Comparison of selection and mutation in genetic algorithms for

examination schedule problem. The Journal of Industrial Technology, 15(2), 112-124. (in Thai)
Sirinaovakul, B. (2008). Artificial Intelligence: Swarm Intellicence. Bangkok: Top. (in Thai)
Srikaew, A. (2002). Genetic Algorithm-—Part I. Suranaree Journal of Science and Technology, 9, 69-83. (in Thai)

Wongthatsanekorn, W. (2009). Reviewing and comparisons of five evolutionary-based algorithms.
The Journal of King Mongkut’s University of Technology North Bangkok, 19(2), 285-290. (in Thai)

4 &>

g

FALHERTASEJOURNAS oL, 17 No. 3 September-December 2023

Science and Technology




nMseBNUUULATHAILILATDIaUNFauUnaYUlNTAUAY
Tagszuululasaaulnsaiass
Design and Development of a Dryer with Herb Grinder Controlled
by a Microcontroller System

QN ITEUIYNA Uazeassd wawaugln’

Namon Vorathnanuwong™ and Rungsun Pongpattanaumpai’

A VIRREMNTIUAN Y ANENALLLATRAAIMNTIN UMINIREIIYAVINERT
'‘Department of Industrial Education, Faculty of Industrial Technology, Thepsatri Rajabhat University
v unaluladindesdnsnansns auzmaluladnisnuns UMNINYIFYTNUAUMETAY
*Program in Farm Machinery Technology, Faculty of Agricultural Technology,

Rajabhat Mahasarakham University

*Corresponding author: emailit62@gmail.com

Received: February 24, 2023

Revised: March 26, 2023

Accepted: April 4, 2023

unAnga

Tuthgtumasgueuinisiiasugianeifisadundunumdvgusunniu sufnssnssesisaaeiiuleus
duadlanumeunalioniidalsamudiveunuilagtuinlinansgpmuiinisugnayulnafiuantu auns
wssiiteatraneldlifuiesiuld nisuussuayulnsunssiavinlananifinty sudafuauninlunisdy
feams¥nwuazussimilse Jsdimsianedsseuwiailefnudadensltlulasreulnsaaeimunuueinesdin
Fenffuisaiamandoudiliayulnslussriniseuuasmnuauanuiivesawmeitisgdlunisuamon
sufanismugugamgilingay nsedeufivesayulwaiieldenuiulasniseuaugung A¥dsnns
suufigauaransroznarlun1seuLisnsszimenadlotléftely wmnayulnsdaudugeardmaliiie
anudemesonnnmuesaulng wansnassnansliiuinnsiliayulnnndouigiliiAanisnszang
Arwduiouurafigunnd 40-70 ssemiwaldea ilsuanszeznanluniseundouuadisieieatuniseuuas
uanuuUndamnsaannaldmuuszianvesivayulng naaeunisiiinyszansamlasnnsldmadauuudy
\WiauAuuANANNauLasnaINIsKUSIY ansnaniia nssutunmsinuasdnegntesluiesay 10.98
Jufunishgamgiinismuauuemesnszuaadu 1 wa aunsanszaenrmduldniouturnisunazgnyde
wdsuinimafivynadvaufou Tunsmaassiuayulng 2 Ussian asulddszduaufionsla dnwvaue
77U & nAunazsa nsavane Tanadefimnnndadeiuayulngi 2 Usean msliuamesdunaindounes
ayulnsyiliAnnsunsnszaeaueuldindinslianudeutuunfinaranunsauiuainnudosnisues
gaunillaaudnuazayulng

AFNALY: N1V aufau wewesinIsuaadu lulasraulnsaass uadyulns

NIV TUIING S DA W Te
atuinermansuazinalulad

U 17 atU? 3 Uszduiou Auengu-suau 2566



Abstract

The sufficiency economy philosophy has been adopted by many communities to play essential roles
in more community-based activities. A policy has been formulated by the Ministry of Public Health
to encourage medical institutions to use therapeutic drugs along with modern medicines. For these
reasons, many communities have realized they need to grow more herbs that can be processed in
order to generate income for the locals. Processing certain herbs can improve their properties and
increase their quality of access to healing and the alleviation of disease. Therefore, a dryer was developed to
study the factors of using a microcontroller to control the same motor both to create the movement of the
herbs during drying and to control the speed of the high-powered motor to grind them together, as
well as to control the temperature appropriately. The movement of the herbs to remove moisture
by controlling the temperature would result in a high drying rate and a shorter drying time due to
evaporation. If herbs have high humidity, it will result in damage to their quality. The experimental
results showed that moving the herbs would cause the distribution of humidity at the drying temperature of
40-70 °C. Compared with the time of drying and grinding by machine and normal drying and grinding,
the time can be reduced according to the type of medicinal plant. The efficiency improvement test
using lean techniques comparing the difference before and after fabrication can reduce the process
time by at least 10.98 percent, depending on the single-phase AC motor control temperature setting.
Humidification can be distributed while grinding, and the energy loss was lower than adding a hot air-
generating unit. In experiments with two types of herbs, it was concluded that the levels of satisfaction
with general appearance, color, odor, taste, and solubility were averaged very well in all factors for
both types of herbs. The use of a motor to drive the herbs caused better heat diffusion than static

heating and could adjust the temperature requirements according to the characteristics of the herbs.

Keywords: drying, hot air, AC motor, microcontroller, herb grinding
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Abstract

This research is quasi-experimental, with the same group before and after the experiment. The objective
of this study was to study the effects of Vetiveria zizanioides (L.) Nash essential oil, inhalation of emotional
states, and the autonomic nervous system, including blood pressure, heart rate, and respiratory rate,
by having 32 healthy volunteers aged 18-35 years old smell almond oil, inhale Vetiveria zizanioides (L.)
Nash essential oil, and record the results of the changes in the autonomic nervous system. The results
showed the mean value after exposure to the smell of Vetiveria zizanioides (L.) Nash essential oil.
The study showed that systolic blood pressure was 114.50+07.13 mmHg, diastolic blood pressure
was 77.62+8.73 mmHg, heart rate was 77.38+5.80 beats/min, and respiratory rate was 17.44+1.01
breaths/min, compared with rest and while inhaling the sweet almond oil scent. It was statistically
significantly reduced (p<.05). The mean emotional states after inhaling the Vetiveria zizanioides (L.)
Nash essential oil were feeling good, fresh, relaxed, and romantic, which increased statistically at a
P-value of .05. The Vetiveria zizanioides (L.) Nash essential oil causes the autonomic neurological
changes to be reduced. The study of the effect of inhalation on the flavor of Vetiveria zizanioides (L.)
Nash Essential Qil is the first time to study the form of flavoring or the use of a mixture of different

essential oils in the same recipe.

Keywords: essential oil, autonomic nervous system, Thai traditional medicine
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Abstract

This study aims to refine the modeling approach for digital transformation projects, specifically
addressing the assessment and management of unstructured data. By employing the entropy model,
the research seeks to identify crucial success factors associated with such projects. Digital transformation
constitutes a vital process in the contemporary era, and the analysis of unstructured data presents
considerable challenges. The research methodology encompasses the enhancement and adaptation
of flexible models to assess project readiness concerning unstructured data. This approach facilitates
the formulation of effective strategies for managing digital transformation projects within organizations.
Furthermore, the study introduces a novel model, improved by incorporating the entropy model,

which offers both practical benefits and a readiness framework for organizations striving for success

in the digital era.

Keywords: unstructured data, unstructured data project, unstructured data entropy factor
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of digital technologies in the context of industry
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mswiadefiannsadmanennudiiavediasinis
Tunanuanedueg 19ivedfuuazauaies 39
ansatannuaie st noulngd

FodizunnnisAnuinguiuazeuidod
Aendos ndeuaniinsilasuniseensuetianing
ynaitelullunsfigaingul duanddunm 6

waza1u1snesuIeISAsALlun P Teutunau fail

H(X)=-31, P(xi)logP (xi)

Key Success Factor XXX1 Key Success Factor XXX2
Count P LogP P*LogP | Count P LogP P*LogP
Project |Score >=4 40| 100% 0.00 0.00 40| 100% 0.00 0.00
Success |Score < 4 0| 0% 0.00 0.00 0 0% 0.00 0.00
Entropy 0.00 0.00
Key Success Factor XXX3 Key Success Factor XXX4
Count P LogP | P*LogP | Count P LogP | P*LogP
Project |Score >=4 40 100%: 0.00 0.00 40 100% 0.00 0.00
Success [Score <4 0| 0% 0.00 0.00 0 0% 0.00 0.00
Entropy 0.00 0.
AN 5 GRS, WUUWQWLGUImiiJLN@NBQ‘\]WﬂV]ﬂﬂﬁ]"\]Eﬁ]u
I 0 o
fdaneulnstaaruiu 4 Uady

Theoretical _
Research

Design
Focus Group

Use
Framework For |

Create Questionnaire Interview

Transform
Interview Result
to Quantitative

Structural
Equation

Conclusion

AN 6 LRURILAZTUNBUITNNTANTUNNSTIVY

1) Theoretical Research

FunsunisTinsduai1uiTediieafu
Tayabiflaseadne wazn1sUseliunuausaves
‘17|‘3Jﬂau‘mﬂmqmmax%’mﬁ%ﬂum%aﬁa wazAUAII
nszvrumslunisiigainsudneninvesaiesied
Tieanensela

2) Design Focus Group

Junaun1511n15 eenwuungudinunenay
in1sdsiadeyaiavun 42 degs dadulud

2.1) nqudireafunuudasdoya laid
TAS9A519 hazdnIsIgaIUTINILAD AA8NTALNY
LONATHATVINAYL

2.2) nguipganilunuuuasdeyannnaes

2.3) ngugingaLiunisulastoyaainiies
Judeary

3) Use Framework for Crate Questionnaire

JURBUNITASIANNNLTIANAUATDID The
Framework of Extracting Unstructured Usage for
Big Data Platform @aagilmnndumaiuvaneiland

< O & 0§ vy ) %
mMsauutulumau ilvdeslivinwewazanudnialy
ATABUANY LI LUNT DL Y3 B L I RANLAE
AsilkuInnalunisanule

4) In-dept Interview

Tutumeumsaouniunguidmaneniunsey
AIDNNVBINTBUNITYINNIU 919899MNNUWTTY “The
Framework of Extracting Unstructured Usage for
Big Data Platform” fildnassun fideldduiunis
tuiinteyameisnstuiinideslunsdidasuny
fugouliiviinstiuiin minlunsdingudmanely
ansalivinistufindesls fideazinisandudin

[

Toyauiieluiiaszsisiely
5) Transform interview result to Quantitative

nsuTuyadeyanlanisdunivalidedn ¢
Toyadal3una lnefiansanannisneumaiuindu
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5.1 maulaild
a ! 1o ® v |
5.2 Andlddndudoad
5.3 danuianudnlaudiinladie
5.4 §AnU3ANUdla
5.5 fAnuzanudnlaegeanysel
6) Factor Analysis

I3 v oA = aa o

Fhunszuaunslumsiaasesilonaans invinig
ASIFBUANUADAARDIVBILULAR azyINN5TBULE
Toyanldvinyadeyadiliiivun (Kaiwan, 2021)

7) Entropy Calculate & Conclusion

A1 adedfyiifinaseainudiiaves
FULUUNTOUNITINUHIUAITAIUALULINTT 89
ade Ailunliusiruslulasinsfidide naaeuly
msﬂ’mﬁmmé’ﬁlé’lﬂiﬁiﬂumsﬁwmuﬁa

NAN1SIY

uadwsnmaiteillalingusesefivssnon
#e 42 yadeya lneliinsesdleadidmiudenuenans
wagIne@ans (Statistics Package for Social
Sciences—SPSS) lunisUszanana 35nsildlunns
e o miamﬁamaa%a&aLﬁav‘fﬂﬁdﬂaﬁiamﬁmmzﬁ
LAEMIVULAUITERTIAB UAMANYBIYAT BYALAE
FULUY (model) Fimanea

MnuIdeliiteyannuNMsiANEz e
(data cleansing) AWM ILEUINTU83lATINITY
o & P o A = ~
d159 emUadelianuaiiosuavaslunsailasans
d5q lnedfldunaunsivy aeil:

o asulstoyanvanzauiun1suseudn
ALIRNGRI

e JINNsIATIZNUTLUBIAY
o VN1TIATIENUATEUAIRA Cross Loading

o MNsIATEIMAmANYliktueuYad Jade

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 17 atU? 3 Uszduiou Auengu-suau 2566

1) ahedulsteayanmanzauiunisuszana
GLREGRE

@ v

lagin1sasiensaieusuyadeyaniy

a1 7 Aldnanuuvaeuaiu tnefidiase q
Uszian Ordinal Wleifiudegansusiazdadoitlunis
ylassnistuiinudveadlalundaziadoedaals
Tnoutadu 5 ¥dmiin (scale) Ao

1.1 noulald
1.2 Andlidnduded
1.3 danuianudilaudidnlaiin
1.4 fanuianudila
1.5 danuianudnlaageauysal
o a ¢ (Y & v
2) vinsaszidadeitasdu

Tnadlovhnisliiedastie SPSS Aasey funuy
wazdateidosiu sunm 8 axiideagumanarsing q
fie (1) yndoyaiinunmanunsneduisld 79% s
felAle (2) flein sig laiiiu .05 Tunsdld Ao .00 Ao
aunuuldlead (3) Wesdudnuulsusiuvesiands
wiazifueaiUszneufiifies Object x Journey fiFn
anduiudinnii 60% (4) feyaiinisdnlagTusunsuls
3 93AUTENBY (eigenvalue) aFuredeyale 80.4 (5)
wuasFUsTnoUTiauduiusAsaiu (cross loading)
og 4 fvisionsfumiudadqusiedulun
ndnivinsisinesniievhanuazeindeya

Name Type Width | Decimals Label Values
SUCCESS  Numerc 8 0 Progct Success None
oP Numenc 8 0 Obgect X Property None
oc Numeric 8 0 Object X Cause  None
or Numenc 8 0 Object X Tnth  None
o Numenc 8 0 Obyect X Joumey None
EP Numernc 8 0 Event X Property None
EC Numernc 8 0 Event X Cause  None
ET Numenc 8 0 Event X Truth None
EJ Numenc 8 0 Event X Journey None
cP Numenc 8 0 Command X Pr.. None
cc Numenc 8 0 Command X Ca... None
cr Numenc 8 0 Command X Truth None
(o) Numenc 8 0 Command X Jo.. None
™ Numenc 8 0 Outcome X Pro... None
TC Numenc 8 0 Outcome X Cau... None
™ Numenc 8 0 Outcome X Truth None
Y Numenc 8 0 Outcome X Jou... None

2 7 nssaanluesesiieddeiesuainisinudeya
nluuseanana




o a ' o v o .
KMO and Bartlett's Test 3) N33R UT8%AAR Cross Loading

Kai:r-Meyer-OIkin Measure of Sampling Adequacy. 791 LﬁaﬁﬁmiﬁﬂmmﬁzmﬂﬁaaﬂaLLﬁ? Lﬁa‘ﬁﬂmi

Bartlett's Test of Approx. Chi-Square 781.893 a ' v a 1
Sphericity ; WA NULLANENUAIN 9 wazaSuUIEANLLAAY
a0 mnelaule datl (1) yadeyadinmun1nunTugda 84%
2) LinuasudaunlsUsIUvR LU SWAaZE

Initial Eigenvalues ) < lew Y] Y a ] a

cotal | % orvariance | Gumutative % AuBIRUTENau (3) ﬁmnqumuﬂimaa 2 NQUBBUIY
56.606 56.606 Toyalditie 80% (4) MIIFIUTYAT 1 (5) NMIIAFIYS

15.013 71.619 -
YAN 2
8.774 9

Imamaﬂmwmmma L‘WL!'J’] msuauau,au
GIULLUUJJﬂﬂJﬂ”IWGNLLC‘I?JUC‘IU Ik LMQVHF’]’J’HJEI 217

» wa19ls Factor Aiflaaunnlunisiunldauseld
Communalities :

initial | Extraction 4) ¥1nN153LA5129INAIAN LI kU LB UV
Project Success 1.000 986 {]Qﬁ’ﬂ
Ohject X Property 1.000 726 N Yo R o - o o
ObjectX Cause 1.000 636 Lﬁ@lmmmimmmasmmﬁua;ﬂaLsﬂusamm
OblectATIUIN L) Ll Faidauaantunaeintadverlsidaeulnsl
Object X Journey 1.000 423 . : . . . Y Y oo
EventX Property 1.000 867 A1 1AELI9YINNITATUIUATLAT wwaaqﬂimmmw 10

EventX Cause 1.000
Event X Truth 1.000
Event X Journey 1.000
Command X Property 1.000
Command X Cause 1.000
Command X Truth 1.000
Command X Journey 1.000

o @il 1) gasteulnsaldduanuiionan

856 ANUANNAveladY

.890 A s o wa =
0 W@ 2) ssAnnuiupuantRvosenavwie

836 TrgAuviseteyafuioutuUTENIaNaEARITALIY 9
792 o Ao =~ o i o ' =
B e o0 I 7o sEAuNAkarinuilafeudIUueU F99INN1TN

Outcome X Cause 1000 ¥ 6683 Anoulnsnud Tanugudes
Outcome X Truth 1000 | 868

QUEEOO K Jouney. | __1.000 ‘,.ﬂﬁ.' a7 3) p9anusiNEIRUIngAusetayany
Extraction Method: Principal Componen Do s . 3 . q I'\J .
ATl TULDNIUTUNDUAN ) LazWiouUszalana noun
lUUszananaazaastniau 9 seauifuaziainudila

wiuow Fa1nnsmAneulnstnud liddininudy

[ _ N &N &N &N &N B _§ 8§ -l-l-I\
[

Rotated Component Matrix®

Component
1 2 ‘zl' s v v o

- " ] LAY 4) 89AAINUILNEINUAINUNITUDY
Project Success = 959 .226 124 Y
Command X Property 906 || -186 185 Lwlﬂﬁimm’im’iﬂmmqmmw%mﬂaﬂ‘l.lﬂ@u‘mm
Event X Journey I o0 163 120 v o o A = 2
P —— I ey o] Uszananadzfesdaau 9 seaufnuasdianudila
QutcomeXTnih || 860y 261 126 ADUTILULOU T99INATIANEULNIUNUINTA NG
CommandXTruth g 8678 113 267 . .
CommandXCause o 807 M 202 -266 uae
ObjectXPropety M 768 . . .

_QutcomeXCause T~ 612 st 1942 L@ 5) parANUSINETUAdvSsaderinun

Qutcome X Journey 338 " 874 o o A o - Y o o
Event X Truth 417 ! 7760 346 Iuﬂ’]'i‘u’l’.](ﬂ‘QWUVﬁ@?J@HﬁﬂU&J’]Ui%&J’JaNﬁﬁ]Wl@Q‘UﬂL‘"\]u"']
Command X Journgy 435 | 7] 2 A I T \ =
ol FELAUNALLASUAINULVILIAD UYL UUBDU YIFTINNTTNN

ject X Journey

AnaulnsUnuIdauguey

Event X Property
S Ee SR ; ? : @Y7 6) BIRANUSANUN LANAANEAEINTD
EventX Cause o o .o - 'Ud Y R
Rotatlon Method: Varlm'::(wnh KalserNrmaIlzatlon ‘UEJﬂmu&ﬂum3unf§1qﬂuwsa%agamumﬂixma&la%

a. Rotation converged in 7 itrations. Aotinlau o seauiflaziainudilaneudswtueu
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Sphericity

Communalities

Initial Extraction
982
612
918
515
881
873
.889
672
815
833
864
761

Project Success 1.000
Ohject X Property 1.000
Object X Truth 1.000
Event X Property 1.000
Event X Truth 1.000
Event X Journey 1.000
Command X Property 1.000
Command X Cause 1.000
Command X Truth 1.000
Command X Journey 1.000
Outcome X Truth 1.000

Outcome X Journey 1.000

Extraction Method: Principal Component
Analysis.

-----I-I-.“

Initial Eigenvalues
Component Total % of Variance  Cumulative % 3
7.996 66.632 66.632
1.620 13.496 80.128

Rotated Component Matrix®

q =t @nonent
1 ‘ 2
i 4

947 I
a14 |l
897 I
895 ||
878 ||

Project Success
Event X Journey l
Object X Truth |
command X Property ||
Command XTruth ||
Outcome X Truth J 861
CommandX Cause ||  .806 ||

Object X Property .748

Event X Truth 402 848
386 | 827 |l

Command X Journey
Outcome X Journey 305 817 ||

Event X Property __717
Extraction Method: Principal Component
Analysis.

Rotation Method: Varimax with Kaiser
Normalization.

A 9 vin1TIATIzstaTenassin Cross Loading

NINTIVINTURTINEFUD AT uede
atuinemansuavinalulad

U 17 atU? 3 Uszduiou Auengu-suau 2566

PH(X)=-3L, P(xi)logP(xi)

roperty x Objec =) Truth x Object

0.00] 0.00
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Success Factor” Wy “Key Success Factor” ¢y
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FULUY  AULUY
NI Maun
LA uln
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U4 (property x object)
ludesiideyanuuviinis v
YNTLAUNIAING (cause x
object)
sUkuugavinelledoyai v v
n¥ouuszananawal avidu
ag4ls (truth x object)
Bnsnvilvideyafunsey v
Uszananadozlsing (journey
x object)
Aanssufiagiowinlunng v
TAsensileglstng (property
x event)
ilufsfifanssuiu 9 v
(cause x event)
gavinelilafianssuiiy 9 v

anysnlazddnvageyials
(truth x event)

A15149 1 (7B)

AULUU  AULUU
AL AWRIUN
LA Julml
FFnsvinlnanssumantu v v
anysaiiiaduidunisedisls
(journey x event)
darvnuaLazIsusruana v 4
Tulasensiieglstng (property
x command)
yMludadenliisuseuna v
NARIEAIEIUY 9 (cause x
command)
v A ¢ /
gavineiloUszuianaauysal
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(truth x command)
dsunisuszunanardadu v v
281415 (journey x command)
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anwuzedsls (property x
outcome)
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(cause x outcome)
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(truth x outcome)
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UNSTRUCTURED DATA FORM

=

Outcome

Bsbepe:

=i

d
Object

Command

Bug Notifications Generate Bug Answers  Auto Bug Answers
- more than 10 words - OCR the image to
- Where did it find the screen ID. can reply
happen? - Text Clustering to - A system that can
find related words develop accurate
- Reply with previous  responses

- Ask a Bug and you

answer

Bug Notifications

- Who is the user,
what system does it
use?

Bug Notifications Notify via Bug Auto Bug Answers
- clear Tracking clear, fast
- Understanding what - More than 10 words
to answer - There is a picture of
abug

UNSTRUCTURED DATA ACTIVITY

Notify via Bug Generate Bug Answers  Auto Bug Answers

Tracking - Must understand - Find a system that
is available in the

market Or find

- When interactions  Text Clustering or

oceur, questions and  Text Mining

permissions must be - Must have previous  developers in OCR

checked before being bug response processing, Text

processed. information to Clustering.
reference.
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d’ o &
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UNSTRUCTURED DATA FORM
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&) )
d ~
)

Object Command Outcome
work process work happens. Malfunction
information - have workers information and
- Who did what? - have a job error reduction
- how to do -~ There is a way to

work

work happens
- will not damage

UNSTRUCTURED DATA ACTIVITY
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Abstract

This research is quasi-experimental. The purpose of this study was to compare the effect of massage
oil from Vetiveria zizanioides (L.) Nash Extract with court-type Thai traditional massage before and
after treatment on the tension of the upper back muscles. The sample group consisted of volunteers
aged 18-50 years. Through a specific purposive sampling under specified conditions, 30 people will
receive a Thai traditional massage with applied Thai traditional medicine from a registered professional
practitioner for 45 minutes each time, three times a week. The research tool was a questionnaire
consisting of a pain rating scale and a tissue stiffness record. The results of the study were used for
descriptive statistical analysis, and the relationship was compared by a paired T-test. The research
results found that most of the subjects were female (73.33%, aged 29-39 years). The mean pain
level after treatment decreased (2.27+0.45) compared with the mean pain level before treatment
(5.97+0.67). From 1 to 3 times, the mean pain level decreased for each time compared to the previous
time, which was statistically significant at the level of .05. In addition, the mean score of tissue stiffness after
treatment was significantly decreased at the .05 level from the reduction of pain level and decreased
tissue stiffness scores. It can be concluded that Thai traditional massage combined with massage oil
from Vetiveria zizanioides (L.) Nash Extract can relieve and treat patients with upper back muscle
pain. This is preliminary information to support the choice of court-type Thai traditional massage
combined with the use of massage oil from Vetiveria zizanioides (L..) Nash Extract, which is effective

in clinical treatment.

Keywords: Vetiveria zizanioides (L.) Nash., essential oil, massage oil, herbal, product, extract, Thai

traditional massage
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Abstract

The trend of increasing rates of citizens making the area’s density undependable has resulted in
personal cars and public transportation systems on the road not being developed as well as they
should, so the railway transportation system is an appropriate option. A critical component of the tram
project that enables the project to be efficient is the tram station used to park the service user. This
research aims to analyze and compare pedestrian traffic at elevated train stations. Using simulation
models, the model can display traffic networks and travel patterns of pedestrians to be consistent
with the actual area by using input data that matches the actual area conditions. Be aware of the
layout of each type of platform, both a 2-story model and a 3-story model with electric train tracks
in the middle of the station and electric train tracks at the edge of the station, which have strengths
and weaknesses in the use of passenger travel time within the station of each type. The research
will study each type of train station to compare the appropriate format for use, with a total of six
platform formats, and use Siam Station as a model for modeling both passenger numbers and width.
The length is simulated with a model (PTV VISSIM) by simulating travel within the station, divided into
three types. Type 1 involves walking down from the platform to connect to public transportation.
The second type involves walking up to the platform to board the electric train, and the last type
involves passengers walking up and down. The obtained model compares with the data surveyed
from the actual location. Research results: Type 1: walk down only 2-story platforms; Type 1: 3-level
platforms; and Type 6: take the least time. Type 2: Walk-up only; 2-story platform, type 1, and 3-level
platform, type 6, use the least time; type 3 walks up and down the 2-story platform, type 2, and the
3-story platform, type 5, takes the least time.

Keywords: pedestrian traffic, models, PTV VISSIM, skytrain station
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Abstract

This research aims to design and build a Positive Pressure Screening Cabinet (PPS-cabinet) to reduce
the spread of COVID-19 among healthcare workers. The PPS cabinet has an internal area of 1.44 m?
and a height of 2 m. It is equipped with an inverter air conditioner. Behind the PPS cabinet is a set of
decontamination and disinfection units. The variable-speed fan draws outside air through the decontamination
and disinfection unit and sends clean air into the PPS cabinet. The 3-speed fan inside the air conditioner
blows cold air at about 26 °C directly to the healthcare workers. The air then flows from the cabinet
to the outside through the leaks of the cabinets, arranged in three levels: 187, 220, and 253 cm’.
The air pressure inside the cabinet can be controlled to a value in the range of 5-15 Pa. The results
showed that the appropriate fresh air flow rate to be fed into the PPS-Cabinet must have a flow rate
in the range of 150-335 m’/h. The minimum fresh air flow rate of 150 m’/h corresponds to the fan operation
inside the air conditioner at the lowest speed, while the maximum air flow rate of 335 m’/h corresponds to
the maximum leakage area of the cabinet of 253 cm? making the pressure inside the PPS cabinet not
more than 15 Pa. Therefore, to ensure that no air flow inside the cabinet returns to the air conditioner
under all operating conditions, the fan flow rate in the air conditioner should be adjusted to the lowest
speed. In terms of energy consumption, air conditioners use the most energy, followed by fans,
disinfection lamps, and lighting at 46%, 35%, 11%, and 8%, respectively. When the PPS cabinet was
used for 26 weeks, more dust and contaminants were clogging the filters. This results in an increase
in the pressure drop across the filter unit by approximately 20-30 Pa, resulting in 15% more energy

consumption compared to the new PPS-Cabinet.

Keywords: positive pressure screening cabinet, COVID-19, UVC, ultra-low penetration air filter
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Abstract

At present, the process of transforming seawater into salt employs a range of diverse methods and
techniques. Researchers have introduced an approach aimed at cost reduction in the separation of
water and salt from seawater, leveraging contemporary technologies. The primary goal of this investigation is
to examine the design and implementation of an automated control system for separating salt from
seawater, grounded in the principles of thermoelectricity coupled with ultrasonic technology. Data
collection by the researchers unfolded in four main phases. Initially, the complete structure and
equipment are assembled. Next, software programs are written to gather data from various sensors.
The subsequent step involved data analysis in order to compare experimental results. Finally, the
researchers computed the efficiency percentage of salt production and summarized their findings.
Key components of this process include the ultrasonic vibration generator, which generates micron-
sized water droplets through high-frequency vibrations on the water surface, resulting in smaller mist
particles measuring less than 5 microns. Simultaneously, the thermoelectric component is responsible
for producing salt by heating the mist containing salt impurities, while the cold side condenses the
steam from the hot side back into water. In experiments conducted with water layer thicknesses of
3 cm, 4 cm, and 5 cm, it was observed that the volume of lost water and the temperature of the
hot side were similar. However, the particle size of the mist varied, impacting the efficiency of salt
production. Consequently, the 5 cm water layer exhibited the highest temperature on the hot side,

leading to the greatest effectiveness in salt water evaporation.

Keywords: Thermoelectric, Ultrasonic fogger, Heat exchange, Salt farming system
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Abstract

The DRASTIC model is widely used to assess vulnerability to sroundwater contamination. This research aims
to improve the model to make it more accurate and user-friendly. To achieve this, the Weight of
Evidence--WoE was used to enhance the DRASTIC model, and four factors affecting nitrate contamination
in the groundwater of Lop Buri Province were added. These factors were land use, infiltration rate,
distance from the river, and density of the waterway. To validate the model, nitrate analysis results
from 358 groundwater wells with nitrates exceeding 45 mg/L were used, which were collected between 2015
and 2023. The dataset was divided into two parts: the first part (2015-2021) of 277 wells was used
for modeling, and the second part (2022-2023) of 81 wells was used to validate the model using the
Receiver Operating Characteristic--ROC method. The performance of the original DRASTIC model was
compared with the improved model using the Area Under the Curve--AUC. The results show that
the WoE-enhanced model has a higher accuracy with an AUC of 0.85, while the original model has
an AUC of 0.52. The ROC analysis confirms that the WOE-enhanced model provides more accurate
predictions compared to the original DRASTIC model.

Keywords: Assessment of Groundwater Vulnerability, Weights of Evidence, Nitrate, DRASTIC model
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Abstract

This research is a research and development study aimed at (1) designing and developing a digital
platform for local tourism, supporting a case study of Sikhoraphum district, Surin province, and (2)
evaluating the effectiveness and system acceptance. The research project has developed a platform
that connects communities and disseminates information through stimulation from beacon devices
installed at attractive places, while also utilizing data generated from various activities on the platform
for the benefit of community tourism management. The research process consists of three phases: (1)
the study process, field interviews, and survey tools were utilized to gather opinions from businesses
in the community and tourists; (2) the development process utilizes software engineering principles
and involves the four key components: web applications, chatbots, beacon devices, and interactive

dashboards; and (3) the experimentation and evaluation process, questionnaires were used and analyzed

using descriptive statistics. It was found that the opinions of 5 experts on the system’s performance were of
the highest quality (X=4.52, SD=.64). Additionally, the assessment of technology acceptance by 112
users showed high satisfaction (X=3.89, SD=.84). The results of the evaluation from both perspectives
show that the platform that has been installed in the community has been accepted by users and

can be a tool to support community tourism as intended.

Keywords: digital platform, chatbot, beacon technology
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Abstract

This article aims to study the design and development of a microwave leakage detector using Arduino
as the control. The designed detector was composed of three parts: a signal receiver, a signal amplifier,
and a display. The experimental test rigs were conducted in comparison to commercial microwave
leakage measuring instruments, such as a model MT-M2, and a microwave oven. The results showed
that when the microwave oven started operating, the display screen of the leakage measuring instrument
showed microwave leakage values of 0.000 mW/cm’ and 0.909 mW/cm?. During heavy operation of
the microwave oven, comparing the results with the MT-M2 microwave leakage measuring instrument, it was
found that the designed instrument could detect the microwave waves and alert. The experiments
revealed that the tested microwave oven had certain periods during which it emitted harmful microwave
leakage that could affect the human body. When the microwave oven is working, it emits only a small
number of waves. In the microwave leak detector, the value was measured to be approximately 0.909 mW/cm?,
and during the malfunction of the microwave leak detector, the instrument measured a value of
10.000 mW/cm?. This detection and display circuit design would enable future development of
microwave leakage detection, alarm display, and display in various formats, more modern through

different platforms.

Keywords: microwave, detector, microwave leakage
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WNANI1INeaN
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1.61 - 1.70 5.455 LV.3 Danger
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Abstract

This research is quasi-experimental. The purpose of this study was to compare the effect of massage
oil from Vetiveria zizanioides (L.) Nash Extract with court-type Thai traditional massage before and
after treatment on the tension of the upper back muscles. The sample group consisted of volunteers
aged 18-50 years. Through a specific purposive sampling under specified conditions, 30 people will
receive a Thai traditional massage with applied Thai traditional medicine from a registered professional
practitioner for 45 minutes each time, three times a week. The research tool was a questionnaire
consisting of a pain rating scale and a tissue stiffness record. The results of the study were used for
descriptive statistical analysis, and the relationship was compared by a paired T-test. The research
results found that most of the subjects were female (73.33%, aged 29-39 years). The mean pain
level after treatment decreased (2.27+0.45) compared with the mean pain level before treatment
(5.97+0.67). From 1 to 3 times, the mean pain level decreased for each time compared to the previous time,
which was statistically significant at the level of .05. In addition, the mean score of tissue stiffness
after treatment was significantly decreased at the .05 level from the reduction of pain level and
decreased tissue stiffness scores. It can be concluded that Thai traditional massage combined with
massage oil from Vetiveria zizanioides (L.) Nash Extract can relieve and treat patients with upper
back muscle pain. This is preliminary information to support the choice of court-type Thai traditional
massage combined with the use of massage oil from Vetiveria zizanioides (L.) Nash Extract, which is

effective in clinical treatment.

Keywords: food supplement, polysaccharide, mushroom, beverage mixed powder
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PnanUMIEMsTsEU IR hialada- 19
dwaliuszrvuiurdloguamuindedu learnua
N1381593veIEUAdRINE UNNINe1daIundn sey
1 Uszrvurninedesay 45.39 wuunlianuddey
funisquaguniuuiniu lddihasdunisesndids
neenansudavidelusy lewaiuasregiduiulsade
19QuANe 9 AaonIun1TTUUIEIUOIMISIETLLAY
Im18u (BangkokBankSME, 2020) Tasaaiunisal
mIuslnAndniaeiatiensvasaulng ndeyaves
natiuaUINsaun U Tl 2564 asaEevlned
USlnANARSuelLETueIM1T 197 1.8 A1uATIToU dna
Tinanandnduaiasuesuaziniureslsemalney
Winuan 2562 fe¥ovas 149.3 Tneilrlddrewede
Uszanad 1,036 vsiothou Ineuszaivuniniovas
70 fianudiuindadasiomsasududssui
fosfulsyyuduusedn (BangkokBankSME, 2020;

f1319 1

avAUsEnaunIualvausin (Fauiinule) 100 nsy

PPTVonline, 2022) wilsluamsiisinasslonigs

q
I3

wazdidnenimlunisWaundundndusiasuguaim
I5un e dules
wndhuvadusiuansssuniniueasse Tl
muavinmareudnatios Tnawaihindussdiussney
undedesay 90 uentuluailulawmsniovas 3-28
duledewas 3-32 Tsfuuszuasovays dudy
UsAununmgailesnniinsnesiludndunsudiu
uaﬂmﬂﬁﬁawmsmﬂqmﬁﬂ %aﬂsmﬂqmﬁﬂﬁlﬁudw
waundnluneysa Fomniiindsfisanfnagniud
yufuusenu lagnsangafinyiminiidienseedu
Uszamnisiuisaownsvesauliliniunfuasyhli
samindnefuitedns winlnevhlulutumyssana
Souay 2-8 wazdadlindousiazdindunin 15 ¥ia 1wy
Tvan Fadon Fand vesuas wunili@en Inunadeu
AAudsIN wagiImdua (11519 1) (Srimuk, 2007)

yiaudia 1 W99 lodiu  eslulawmse Tushu wule 181
(n3u) (wAaas)  (n3) (nFu) (nFu) (n¥u) (%)
Winvay 92.40 21.55 0.043 2.95 2.34 1.308 0.625
WARUN95Y 90.70 32.39 0.043 5.67 2.13 0.396 0.543
Winunatin 90.27 33.32 0.071 4.79 3.36 0.472 0.642
Winvlna 89.90 32.38 0.071 4.75 3.16 0.595 0.986
Winlay 84.90 48.72 0.280 5.28 6.27 1.963 1.293

Note. From “Remarkable Mushroom Facts” by W. Srimuk, 2007, retrieved from http://www.dss.go.th/

dssweb/st-rticles/files/bsp 12 2550 Mushroom.pdf
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wWiauafggu (Pleurotus pulmonarius)
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(Badole, Shah, Patel, Thakurdesai & Bodhankar,
2006; Balaji et al., 2020)

Winu1asuEIN3u (white oyster mushroom
Hungary) LawLinuNesM (grey oyster mushroom)
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(Ghaly, Ahmed, Booles, Farag & Nada, 2011) AU
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2007) anAeladlnesea (Alam et al., 2009) fueuya
dd5¢ (Zhang, Dai, Kong & Chen, 2012) A1uaizi5q
(Gu & Sivam, 2006; Jedinak, Dudhgaonkar, Jiang,
Sandusky & Sliva, 2010) auli3a (M EL-Fakharany,
M Haroun, Ng & M Redwan, 2010) uagi159a18an
(Isai et al., 2009) Ju
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2.2 audAnsiva

nslvavesnendndaaiduandiddyivae
Tin1sussrandnduiaduussiuaivssdnsam
wasiinisnszaneimdnedeasinane TngUsziiiu
91nA1 compressibility index Wag Hausner ratio
(Convention, 2016) @saunsatsuanaud@nislva
Tasamnsne 3 mmsmm compre55|b|L|ty index lag
Hausner ratio uu oH] maqumswmaamwamm bulk
density lay tapped density nou 1ng bulk density

A9 9RsdIUTEMINUNNTNF USRSV R S Nl

f1319 2

run sz vEeviTisauiy luvaisdl tapped density
fo Sasdruszninaimiing eUsunsvesnsd
Hunsiayusevilioanuunan lnulaiduniuse
anuIANUALRT YIIN1TMRaedlaeNSUININERNS
wHuLgIUes 18 (30n vuia 1 wm) antuifiung
nanfusiinsuimdniiuduey (mass, m) adluly
NIZUBNANTUIN 250 ua. lagAessyinsonuuu
vaaneen Tnglduandndasinin 100 n¥u 9ndueu
AUSHINTTOINIBIINTAUBNUININTVDINTEUDNAI
USunsvesrseiienls e bulk volume (Vo) waz
AUIUALEAS

Peutk = m/Vo (1)

w15 unan e siasuInauYAm i niin sl U MU VAN TN a5

§19

J3unau

ansanmlnausanlsnainingi
MCT powder 50

Sucrose

Stevia

Flavor

maltodextrin

25 4n

15-20 %w/w
5-10 %w/w
1.5-5 %w/w
1-7 %w/w
60-70 %w/w

1919 3

auvanIsluavesag1iun1 compressibility index Uag Hausner ratio

Compressibility index

Flow property

Hausner ratio

<10 Excellent 1.00-1.11
11-15 Good 1.12-1.18
16-20 Fair 1.19-1.25
21-25 Passable 1.26-1.34
26-31 Poor 1.35-1.45
32-37 Very poor 1.46-1.59
>38 Very, Very poor >1.60

Note. From “U.S. Pharmacopeia national formulary 2017: USP 40 NF 35 (Vol. 1)” by United States

Pharmacopeial Convention, 2016, United States: United States Pharmacopeial.
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2.3 AU

AL AL RS HDANUAT VD INER ST
LaENEUIUNISHAR FetuFfiausndudesinay
AR sENSEN SRR IR NER SR TenlE Tne
TunsAnwIsoa9nsInsIsRUsImALT UA e
w383 moisture analyzer tngldudnnisausieiu
yosminve WA SaeineuLandvlaTUAS ey

=

1ngLASB9L0x UUANUNNTNFIDE19NINAN A I B

savlasauninumdnazaed (Ll unbound water
Tuans) Tngndsanlarruiviniasusuasaziiun

PIANSDUALANUTUAIFUNTT

" & dmiinuandasiteuldsuaudou— dminuansusinddlasunrmiou
Sovazanuiu = ——————— x 100
uminudndusiteuldiumuiou (2)

2.4 A58y

miammnfﬂLﬂuﬁﬂé’sﬁﬂﬁmﬁdwa@iamm
g1n-18lun159 817 wagauianelasonand
vosjuilna fedunniifuasdemadeutssansnm
nsazane Tnenislihilenmgifesuargumnd 60
aernailua wazvageunsaraefimarindunsa-ms
91 3 i 8 Tneldimnudiudu 25 ndusterh 100 fiadans

3. NSNAFIUAIIUAIAT

NAABUAIINAIFIVDINAN T UINUU VAN
(accelerated storage condition) 1AYNISLAUKS
wanfaiifinsniegluussydusililugmaasy
ANuAIiIgugd 4022 eerwalea Sovas
Augudumng 7525 Wuszeznen 1 e Tnetuiin
dhoinnounamds uazdanadnvarmemenn liud

a ndu USunauaudu Mudsunuadluvasnan s

[

ananldlun1siasizvideya

NTIATIBVANBULNNNILNIN VUIABLAA
LAYMTIASIZRAUT U INARTT MdeUsoEsas
3 % (n=3) LLamwalugﬂmaaﬂ'%aﬁaLLasmLﬁmwu
1M331U (+SD) Tumsiseuiieuanuwnnsinalaenis
Wisuiisuanuuwanseseminesegsiinaassazly
aim One way ANOVA Waz pair t-test lagf1nunan

p-value 71 .05 TngldlUsunsuadniinsnzei SPSS way
1Usunsu Excel 365

NAN15798

1. MIWAILIEATAISUNARAITLETIDIMN T ING LA
14 < =
A1lsAanninsnluguuuUHIYa

wissNgnsiSuNaniaueiEsu N IInGusAR
Isdanniasauluguiuunsvsiia $1uru 4 gasendu
fannsns 4 TaordnfasialdfidnuusdunazBond
11 wazinaansatainsiudiinanssneiiegosn

AUNLAUD

2. A15USSLAUNINIEAIN
2.1 YUIAKATNITNTEINLFIVBIDUNA

% weight retained maamwmaauﬁﬁwag’uu
ususaziUes Y03V 4 g3y LansFaII 5 A1
HANTNARBY WU /15U E1 ayniagiulvgvuin
WuRuAUgNa11ann31 210 wiluues daussu E2
E3 uay E4 ziivunneunialvgnii fe euniadiuledl

YAFUHIUAUINA1S 300 Wiluwmstuly (A 1)
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M99 4

fsuNanduiasue1msinauranllsa91nuinsaulusULUURN Ty

Gkl El E2 E3 E4
ﬁﬂiﬁﬁﬂiwaLL"?jﬂﬂ’]‘l'iﬁf\]’]ﬂLﬁﬂi'JiJ 25 4N 25 4N 25 4N 25 4N

MCT powder 50 20 %w/w 20 %w/w 15 %w/w 15 %w/w
Sucrose 5 %w/w 5 %w/w 5 %w/w 10 %w/w
Stevia 1.5% w/w 3 %w/w 1.5% w/w 1.5% w/w
Flavor 1 %w/w 1 %w/w 1 %w/w 1 %w/w
maltodextrin gs gs gs gs

M1919 5
NaNIINAFOUNITNIVUINOULN 1A

Sieve No. Sieve size range Sieve mean diameter %Weight retained

(mm) (m) E1 E2 E3 E4

35 (500 pum) 0.50 460 2.19 6.47 6.54 10.91
40 (425 um) 0.42 380 5.08 23.72 28.86 29.99
45 (355 um) 0.35 300 7.45 24.60 23.48 23.14
60 (250 um) 0.25 210 40.13 13.65 13.37 12.31
80 (180 um) 0.18 150 22.77 17.27 12.28 9.37
120 (125 pm) 0.13 110 20.58 13.61 13.71 10.39
170 (90 pm) 0.09 80 1.81 0.68 1.75 3.88
230 (63 pum) 0.06 30 0 0 0 0
NATIN - - 100 100 100 100
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El

B (o
o o

%Weight retained
S

30 80 110 150 210 300 380 460

o

Sieve mean diameter (um)

E3

40
©
)
£ 30
8
L 20
4+
o
i _Hnl
O\O 0 — -

30 80 110 150 210 300 380 460

Sieve mean diameter (um)

AN 1 ﬂ'i’W\lLLﬁﬂ\iﬂ']iﬂié‘ﬁf\]’]EJ(;f’J‘lJENE]Hﬂ’]ﬂ

2.2 audanisiva

NNANMTNAADINUNFS UL compressibility
index Hausner ratio way Flow property Landnd
1379 6 IngenU E2 way E3 Haudinisivaeglusedu
Aoudnaf (fair) Fend163u E1 wae E4 Aiflaudfinng
1waa§ji1ui$ﬁuwaiwaiﬁ (passable) (Kaleem, Alam,
Khan, Jaffery & Rashid, 2021)

E2

o _I|III-

30 80 110 150 210 300 380 460

%Weight retained
)

Sieve mean diameter (um)
E4

a0

30

20
| l
0 -.. .

30 80 110 150 210 300 380 460

%Weight retained
(@)

Sieve mean diameter (um)

2.3 ANUTY

Yopavanuiuvowinfuiieiould uanws
P15719 7 Famun ﬂ'1mm%wuaqﬁﬁ'uagﬂw&aﬁaﬂaz
4.38-0.61 Fepgluinausineeniule desanlagiinly
Tarmuaesazainutuvessnsagfisesay 1-5
(Opalinski, Chutkowski & Hassanpour, 2016)
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A1 compressibility index, Hausner ratio 4a Flow property 989613U

Qmiﬁﬁu Bulk Density = Tap Density compressibility Hausner Ratio Flow property
(gm/ml) (gm/ml) index

E1 0.50+0.01° 0.66+0.00™ 21.67+0.37° 1.28+0.01%° Passable

E2 0.50+0.02° 0.65+0.00" 20.23+1.79" 1.25+0.03" Fair

E3 0.50+0.00° 0.65+0.00° 17.11+0.23° 1.18+0.05° Fair

E4 0.48+0.00° 0.67+0.00° 25.62+0.82° 1.34+0.01° Passable

'
v v

mneme Anadeiifmdnysmniieuiuluwianusd liianuuandeiunsaiinssduanudeduiovas 95

(p-value>.05)

M99 7

A1508ALAIIUTUYDNNISU

gnsesy Youazauiu
E1 4.46+0.11
E2 4.61+0.55
E3 4.38+0.16
= 4.40+0.08

2.4 AN3a¥aNY

nsfnyIUsEanSannsazatevesiiFulag
nagauidinadunsa-ang 3 8 8 fnududy
25 nteth 100 Sindans Il ignmgiiveuavaamgd
60 perwaTyd NHANITNARBINUIN Adranaiy
nan-ane 3 B 8 Tuiflgaumgiivies (25 ssmwaidea)
nndzuannsnaraneldd wagldiaTesnuiddnuas
Funiladntios uaziilonnasuiidinuidunsa-ang
Wity 6 Tuthgamgfl 60 ssriwala wudn sy
finsazanefidniuaziinnuniatosnindeiiou
funsliinflgamgiivies Inesiu £2 asdinaumila
WnNIEITUdL 9

o A
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3. AYNAIAT

HANTSNAFBUAINNAIAIVEINARA U WU
annelse flgumgll 402 esmwalea Sovay
Awguduing 7545 Wusverna 1 Weu wuin
rAnsaueinTluusaTuuurealoedezaliiley
fhiminuasdnvazmenenin ldud d ndu aaudu
Tasuudasannnansasnewiuaunsso

4. MIHAUFATAITULNLLAY

MnmsUsyiusafvesindudedu wuin
f15U E1 wag E3 danuunuluseiutes wung
dwfuiauideidudisuinTosduiieguainuie
wiutes @13 E2 fanuvudfinannd udasd




AuuLaNTinInAUlUn stevia wiongviu
dmsuaisu E4 danuvnulusgauliunans wagly
WILLaIETU E2 Wefinnsansiufuandivig
meamdy 9 Falddensdi3u £3 uiauide

wielvindndadiiasuemsindusanilsnain
WinsaulugUkuurIgshniUsinaansemsniasudou
MerliauazUTuins JI98T4N1TLRLHINITUAN
4‘ &3 ! a e a Ao o
Wesnnuuvadusiununngeninsneziilundey

f1319 8

yaauasUsuIaunsnasdlun il uee 184487

f0319N18 WU laduuaze153tu dlo1ms uaaldou
wazwdn snislililneaaineseauariiuunallutius
yonaninisldundsfifvesomisanivunudnids
Hunisadeanudduliunduandon Tnouanis
nsziviauazusunansnosdluyeinad18uen
wansfanngne 8 wazlidundniasigninefidgns
F3U AalEnslunise 9

Test Item Unit Test Result
Cys(CysO3H) g/100 ¢ 0.82
MetSON g/100 ¢ 0.95
Tryptophan g/100 ¢ 0.65
Aspartic acid g/100 ¢ 9.47
Threonine g/100 ¢ 3.02
Serine g/100 g 4.01
Glutamic acid g/100 ¢ 14.32
Glycine g/100 g 3.20
Alanine g/100 ¢ 3.67
Valine g/100 g 4.41
Isoleucine g/100 ¢ 4.05
Leucine g/100 ¢ 6.83
Tyrosine g/100 ¢ 3.12
Phenylalanine g/100 ¢ 4.63
Lysine g/100 ¢ 6.00
Histidine g/100 ¢ 2.05
Arginine g/100 ¢ 6.78
Proline g/100 ¢ 3.52
Total of Hydrolyzed Amino Acid (18 items) g/100 ¢ 81.50
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gasesUnanniasue I TInaueAnlsdaininsanasulusiuaingaaum lugUuuure gy

L Y (g)  Carbohydrate (g) Fat (g) Protein (g)
asanalnausaailsaanniiingiu 0.025

MCT powder 50 2.250 0.634 1.125 0.018
Sucrose 0.750 0.750 - -

Stevia 0.225 - - -

Pea protein 6.000 1.046 : 4.405
Maltodextrin 5.75 5.75 - -

Flavor gs

394 (1 924) 15.000 8.18 1.125 4.423
n139AUI1UNA nsneziluiiddaysosname Seieenseaulriemnsiasy

PNNAM IR AR L NSINGLEAA LA
niinsauluguuuumssislunuidednud fi
E3 fiflduusznovresaisatalndueanilsdainidia
571 25 un MCT powder Sagaz 15 thnmansiedovas
5 wgwudesay 1.5 asuiinausadosas 1 uaz
maltodextrin Yavag 72.5 Inetiwiin f3uiianuas
namenn faudAnislnafiannsadonanisude
warUsTy ATmduegluszdud annsoazasldvs
ﬁwqmmﬁﬁmLLawEWQuﬁmmLﬂuﬂw-emsm 71500
WasUeUiuuATenounthiTinsaan Sunan Ao
mmna’%ﬂugmwummﬁ'ﬁmuwamaaﬁ'gmﬁm Win
wazuzgU WudtanduaEsue v sindueaailsdann
Winsaufe3oalldflanutulndifeeiu Gevazanuty
3.65-5.46) usnaniidadidndau Pslulawnsn s lusfy sl
1UsfAu TnalAeenu (Farzana, Mohajan, Saha, Hossain
& Haque, 2017) uansliifudondnfaeifimsouldd
4159191598 (Macronutrient) Hulumudnaqudi
winnzay Juilapaunsalasuyselevdainaisana
Wauaznawnuieamsle

dlevgnsiivanzandign (£3) uimunsde
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Abstract

This research is a quantitative research. The objectives of this research were: (1) to study the criteria
affecting decision making to selection the Fast Travel program for decision making of Hat Yai International
airport executive officers and (2) to prioritize the Fast Travel program for decision making of Hat Yai
International airport executive officers. The sample was 36 people consisting of (1) 5 executive officers
involved in passenger services at Hat Yai International airport selected by using a stratified random
sample and (2) 31 passenger service officer experts selected by purposive random sampling. The data
were then collected by questionnaires. The data analysis included descriptive statistics, inferential
statistics, and Analytic Hierarchy Process--AHP. The research results were found the 5 major criteria
used to prioritize five grouped: technological performance, technical, risk, financial, and business impact criteria
and 16 minor criteria. The AHP result found that “self check-in” was the most important self-service
technology that should be developed or implemented first, in which it had an overall priority weight
of 0.262.

Keywords: fast travel program, self check-in, prioritization, analytic hierarchy process, Hat Yai inter-

national airport
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%"Lélﬁudﬂumwmaﬂﬁsiﬂumﬁai’ﬂmwﬁmamiﬁLé‘m
malaensosdudusiviuunn Tnglasuauwsnvesd
2563 U3N10UN1595195M 190 AdsadAulanuUng
Tnengunanmiinvieaiiodlygjq wu Ju Suds invald
Jiu wasFaide Uiusuiutuandindentusesdieu
wihanransusnisieadieniitonfumauudass
1Ny savaulvefiiumseenlusnasymeiiua
(Airports of Thailand Public Co.,Ltd., 2020) LsinN13
unisruinveadelifalain-19 flanfliyuussuasse
loslivgadamansenudeiasugiovlan uagdds
HANTENUATUTTUUNTANUIANIUEAS 1ns1zdviany
Ussinalauszinaiiedesiunisanatu silvinisidu

&

a

mmgavein Ssduhliidmansenuegramiinsogsia
aensiu uagingalain-19 fedamansenunadin
yasaurilan naneussmang1gmanandedung
Anitelagvenusaniiousszsinmnade vinls
woAnssuvesnulandestdsuuvasly walulad
ansaunadnduiiviaiuayunislidina it ing
GURRERHIG!

ALNPLVUAM NN AT NI (Intermational
Air Transport Association—IATA) iin153avinlasenas Fast
Travel Tu itoidunuimauivernaeuwazanens
ﬁuﬁwaﬂﬁﬂmumaa;ﬁmaaﬂiﬁiﬂﬁiaﬁﬂuﬂizmums
Wunsesilasanslugasng q Snstadienaliifn
UIEANTAN ANATAIN AATEYLIAT AARUNULAY
wssulun1suUReu suviadunisannisduda
ANIANVUAINID1N1ATE NI U IZIN AR U U AN
a1nvreulazaten1siuldimalulagnisliuinig
AULBY (Self-Service Technology--SST) \ieufiunng
sruneamazanliniglasans Tnefidmanefiay
Taunudundeasnistuiilannit 80% Haulul
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.6l 2563 35lA5an15 Fast Travel finemstuiiel w.a.
2550 sjaiulunsdaasunisldmalulagnisliuinig
AULDS Lﬁamauaumm’mﬁaaﬂ'rﬁmaaﬁ:ﬂmamﬂuﬁaaﬂ'ﬁ
Bumsiiazainsinidinazuszndanat Tnelasenis
Fast Travel wuseandu 6 a1u laun (1) nsidadu
Muauee (2) nslnannselddunisenlenuiag (3)
MINTITADULENANTHILAWDS () MTUBBULUaINTS
seuiigndudienues (5) Mstuaiosdudienuos
way (6) NMSARMINALNITZA18AULDS (IATA, 2016)

U U Aalrgduine Ny
fegmelémsuimsauesuitmhemeaslyedin
(wvv) Tasvienimguuunefmealvgfeeglu
Tougsfamsmenealdiduaiiouyssgmadndmiugi
Foan1sindegsfansdudevieniememneuldves
Uszwrlngsudaduaiioutamisnisiunidmsy
ynyadslumsidumsliumsyad uasunng uasdl 7
awmsﬁuﬁlﬁu%msagj (Thailand Airport Hub, 2021)
uAnanuNsainsEnIszunvestelifalaia- 19
denansgnusiogaamnIsNsouLay ooy
Uszinalnededmansenudmuudlaeaisuasiiuiu
nstu-aswaseInIAB uIdsluronaeudied
eldnsusmsnuvesusevvineiniaeulnediia
W1vu) Tnevine1n1ASIUUIUITIARIALRYNUIN 3
Fruaudlasansiliuinisluln e, 2563 G8uaudts
A1 2,478,233 AU LAYIILIUNTIU-84UDIDINIAEIL
Waldiisunu 18,250 Wisndu Falewseuidieulu
U n.A.2562 19 31N15anasiauag 38.48 Wii1aziiia
Paymladn-19 Ml unuglasansanasusuisnin
g1nagulvedin e lldssasununisamu
fanvhemany wiidlemendaniunisallaio-19
ﬁﬂmmﬁﬂﬂaWiazﬁuﬂﬁumaﬂwimL%q Faazdawa
Tiviemagufinnundeslunissesduiiienduuas
flavansfingnduinunilusuan Feunisiauami
DINIFYTUUIUIYIANIA NS IA DN THAIUIN LN
wiumitesjaiuinusedunsliuinis vssmany

oA (Airports of Thailand Public Co.,Ltd., 2020)

LB9NAUNANYUAINIDINIATENINUT LN
TonansumAlUladNsAUSN1IMULDID9LASINS Fast

, ) NFEFIVINTUM IS BaLiisuede
U 17 atU? 3 Uszduiou Auengu-suau 2566 v A < B
i g atuinermansuazinalulad

Travel Lﬁamauaummmﬁaqmimaqmmmmﬁ'mﬁu
waziilelrussqtivaneves IATA fideamslyiglasans
80% lelfinaluladusnmsmenuesiinsuisasanglud
WAl 2563 UiU3INgI11NNSANWITRYAYR IATA WU
1 Jymvdnaenaniivinernreudeddlunisingds

U (IATA, 2015) Saumauuanansiaunnealulad
U3n1saenwedesldSuauiiureuainguims
SyeUge (Staub & Teber, 2015) Yonaniuas nne
TanSnensfisnda virerniaeuldansafiavin
walulagnisiusnisnules s oltaunsau
Auld Jadududesdnasuanudidaueanaluladns
Tusnsewesiiaslasunsiaundeunldnouwse

VYa v =

nasuaRUANNEIALY ﬁQﬁ?qu&mﬁmmauiﬁ]ﬁ%
AnwIden1sinaIRuUAILEIAYAALEDNLATINTT Fast
Travel ifieniswauvierniAeruuuginialg
Tngldnszviunsaduiudainmegiunussgnd
W Wiedhnseinisdadiiuanudidyreuvalulad
nsliiusnisautesiinsldsuniswaniviediunld
ANEIUAIINEIAEY TaeRaITUNINNAIBLAN W

TR UAINLAE UTUM

o

AUILaIANISIVY

WaAnwnug Ninanansenaulantyluy
A15AMLEBNIASINTS Fast Travel iiansendulaves
HUTMsvine Mg uuIumAnIalvgy

d‘ v o U o o
\edna At vedlasinis Fast Travel
Wien1sindulaveufuinisvneniAeIuNILIYTA
malug nelavauini

LLmﬁwqwﬁﬁLﬁm‘ﬁ'm
1. 159015 Fast Travel

1A5an3 Fast Travel \Julasensitaunnunis
YudmoInIAsEnIUsEmaTiaziinisiunalulad
nslusmanuesnlitlugnaivnssunsiu uwavadi
ﬂizaumsaimitﬁumwﬁﬁLLd;ﬁmesﬁmﬂéz’fU%ms
Tneinisuudlassniseanundy 6 Ay (IATA, 2015)
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nMsiaduRlunuLea (self check-in) %Ems
Fasusemuesildanuiideuiondlodisuiu
sUuuumsidnduiianilnesiindu Fsannsavhldlag
FoamuislUil in3essnlusia fosar (@‘Lﬁu‘%msﬁ"ﬂﬂ)
Aulsduarnisdadusuieundinduuuaunsylay

nslnannselUndunseaiunuLes (self bags
ready-to-Go) +Juni1sndlagarsfauinnszidaae
AULBY WAzIINSIaRdUNTEAIEAULEY

NINTIVFOULBNENTMERNULBA (self document
check) lngliglagansaunulenansiaun1enIgnuLes
Wisdaiiunie Sasuszau ludud Judu) waznsia
aaulngdnlud@dnteyatenarsnisiAaun1edaiig
A0AAARINUUANYN U BT DATNUANITVUE

mMswasunlasniseeaiiendusemues (self
flight rebooking)Iuﬂia‘jﬁﬁmqumzé’ﬂ GRIGE
nfierdusnidnudeaidn HlAgaA1IAN15098YINNS
Jeuiiendugisnafuariusdonniseadmiflalae
NUYRININITUINMIAULEY HudResan LIuled uax
woundiptuvulnsdnyiiiete

N157uA30ITUAEAULEY (self boarding)

Tl lagansaunuiniiutunsosduroanuLe

Uszaiiawindinsosdu

NIAAMILENNNTEMEAULE (self Bag recovery)
Tl lagansns9deudunseNayMIur1uN15a
neiloulaglivomienisuinmsaues Wugasearn

=

Hulad wazwaundiaduuulnsdnsiilede

@

Tnedl 3 Inssmsfidiedndianudfaydian liun
(1) MsEirduneauLes (self check-in) (2) Nsluan
nszidduN1SEAIEAULEY (self bags ready-to-Go)
wax (3) Madsuuvasnisaeadiendufenuies (self
flisht rebooking) win133udulATINNT Fast Travel
Hamuguassadaymegiilesnnngseidovvesauny
JuluursUsene uenaninsdnasiminensdu
nanlunsiindegunsaifigafedldina udansesu
84 IATA (2015) wuirauuduiieundalefiasfing
gunsafiftenstmalulaBnisliuinisauesnniu

2. wnaainlglunisdnaiaualdud1AydInsu
walulagn1siusn15auLe9va9lAsINIs Fast Travel

1INNITNUNIUITTUNTTUAWN AT
ndnuazinaaiseaflidlunisdndifuaiudfyves
wialulagn1slAuin1snue1eslasInis Fast Travel
¢ oadd

g uanssaugmanalulad dszneau
AIBLNAUINTET UL 3 1neuat Ae (1) Auvasady
(Wonghiriwat & Suthammasapa, 2008; Wongchaipawatt
& Theeranuphattana, 2015; Xu et al., 2008; Natarajan
et al,, 2010; Demirtas et al., 2014; Komlan et
al., 2016; Rajak & Shaw, 2019) (2) ANNUEede
(Demirtas et al,, 2014) wag (3) AuSalunsvineu
(Demirtas et al., 2014; Rajak & Shaw, 2019; Gures
et al,, 2018)

WA umAtle Usznouautnmel 599
$1u9u 4 et fe (1) anadAuldfussuuAuia
E)gJ: (Wonghiriwat & Suthammasapa, 2008; Zhang
etal,, 2008; Si et al., 2016; Rajak & Shaw, 2019) (2)
anudedield (Wongchaipawatt & Theeranuphattana,
2015; Habib et al., 2009; Si et al., 2016) (3)
Uszansaan (Si et al, 2016) wag (4) AUAINU
(Meade & Presley, 2002; Si et al., 2016; Habib et
al,, 2009)

naiduaIdss Usznaudieinaeises
$U 3 e fe (1) Audeanenisidu (Coldrick et
al., 2005; Natarajan et al,, 2010; Komlan et al,,
2016) (2) AnuAssmamnaila (Coldrick et al., 2005;
Lawson et al., 2006; Shen et al., 2010) kag (3) Jgyunn
NunAlA (Wonghiriwat & Suthammasapa,2008;
Shen et al., 2010)

LAUTIANUATIRU UT2NaUmBLnaesesdIuiu
4 \neusi A (1) 1A (Titichattawong, 2014; Demirtas
et al., 2014; Komlan et al., 2016; Si et al., 2016)
(2) ws939lan1en13RU (Si et al,, 2016) (3) Anlaneluy
msUn5a3nw (Wonghiriwat & Suthammasapa, 2008;
Titichattawong, 2014; Xu et al., 2008; Si et al., 2016)
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wag (4) ArlgareTunisaiiueu (Wongchaipawatt
& Theeranuphattana, 2015; Si et al., 2016)
NNIMNUNANTENUNGIND Usenausmelnas
589 97U 4 Lnawdt fie (1) nauszlevinenagnsves
waluladressAns (Mohanty et al., 2005; Habib
et al,, 2009) (2) Anoamlumsidinduugliving
INTLUULAL (Meade & Presley, 2002; Mohanty
et al., 2005; Coldrick et al., 2005; Shen et al,,
2010; Zhang et al., 2008; Habib et al, 2009) (3)
Fnemnlumsfindiuugliuinsmelnl (Meade &
Presley, 2002; Mohanty et al., 2005; Coldrick et
al., 2005; Shen et al., 2010; Zhang et al., 2008;
Habib et al., 2009) wag (4) Nsas1anuATbARUR LS
U3n15 (Mozaffari et al., 2012; Si et al., 2016)

3. NTTUIUMTAAUIURIATIZN (Analytic Hierarchy
Process--AHP)

AHP %38 Analytic Hierarchy Process #358
NTLUIUNMTAAUTUTIAT I FeRnAUlag Dr. Thomas
& A o a ° Y]
L. Saaty lunszviunmsndaslunisandula dnsu
WANA1T AHP dndnnisey 3 e (Tansirikhongkon,
2014; Aumnuaiworachai et al., 2022) sasalull

1. wé’ﬂm'ﬁa'%’ml,mugﬁﬁflﬁu%u’u (hierarchy)
AHP AguluUnIzUIUNsAnaUlanIesTIuYIAves
uywdlsnsiiiesdussnouvestymitdiusussay
wazuusssueenundudu 9 udrdauadludlvedlu

v
[

sUvR AU UTY

2. NaNNITINAIRUAINENATY (priority) AHP

'
a o oA

aduweulestadens q Wiseiueg 19 mIneay i

utladeiitideyasiauidnsdaldundotio Aldsian
ﬁy'um%uLﬁa‘uimamaLLé’aﬁwmmaanuﬂugﬂ%mﬁﬁu
ANdALY Lwiﬁwﬂﬁ]%’aﬁuhiﬁﬂ’a%aﬁaLamé’wﬁw%
WuwusssufaunsasvuaanidadeSeuiioudu
Fravudiduasidnauiildannsidedotuoonin

lugudduanudfey

3. MANNITAINNABAAS DI UYBIUNANA
(consistency) AHP as23@0UMLaT N lAAINARUAINL

, ) NFEFIVINTUM IS BaLiisuede
U 17 atU? 3 Uszduiou Auengu-suau 2566 v A < B
i g atuinermansuazinalulad
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dauaiutun 2 ovaziivaneUadetued fiuunugd
Wuiiiavaafaiudy ausugidunnnd 3 ddutu
Puuladeludwivtuasiliiu 3 Uady usitunugd
R A va e w ¥ He oA
TuA 3 a1rutu Iundadseluarutuineraiuna
9 Jad8 AakAaIAuTuN 3 asunazisnuirutadevinls
= y&{ (K% 1 VY v A Y & 4
AleduediuindideiideyarioUszaunisaiuaralny

o = o [ 1 &{ =) 1
Fruneiiganelunisinruatiadenig 9 Yuunieli

)
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Ndfyign Uadesng o luddutuieiiudedaniy
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AIsvzlenueziontaTendanudAylesnitaslull

luddutuiieddnadld

2. udnnsdnannuanuafy lneldnannis

1Y

AHP TunnsidagdeiuSeuiieu fadl

2.1 thiladsanSeudioudug 1 auasuyn
A lnluANAINUUAIE 19D LHLY T S1urugnesly

1 U 2
Wlguieuwinny "0
2

2.2 MUUMALUNSIUS U g U e ay

LY

UanwlzYeIUaiy

2.3 MAUARILAY 1-9 wnuldun1sUSeu
Wigu @Sy AHP frvussaiay 1-9 Tmduuinsia
WeafunisidadeuSeuiisvdmidususssuuas

Y11555% a1usvunasarulunisidagelSeusiiou

v
v

299 AHP U fadl

1 Ay

3 d1AgnIarunans
5 d1Agyna1uIn

7 ddyninnniian
9 dAnynIngegn
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2 4 6 uaz 8 dmsulunsaluseliuszusuiiie
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2.4 dendSeuiisuvesladousazgunldld
lumsauseuiigulugveannsiauning deeluil

[ 1 cera. |
a12 1n
- 1 e e e aZn
2 .
1 1
e 1
_a1n asp _ (1)

=

e aij Ao aun@nluwadfl | n8n7 | veswssnd wune s
nan1sTeuLisuAUdAYszIalade ai Ly aj
2.5 MSAUIUMIAEIRUANUEIALY F16U
mmﬁﬁfyLﬁm%ummﬁﬁwamﬁﬁaﬁﬂL‘U%‘EJ‘UL%EJU
Jugrewmnalunisaunsndundaunsisi
3. ¥ANNNTANADAARBINUVDLVANA LA8TL
fifuanseieafunisduumanudenadosiie
Yu 5 6 fim Amax, n, CI, RI, CR Taglde1 Amax il
AUAIRITAINEDAAR DY (Consistency Index-—-Cl)

il

¢

N2ULUIAANISIVY

s 4 v a o o as
NN LIRS TUNISINAINU

AMUEARY
- NAEIAUENSSOUEMaWmALULaE

- NAEIAUATA

ﬂ‘max —1

Cl = — (2)
n—1

1089 N Ao VUIRYBLUASNY N15LUSEULEUIN
auwnaunaislin1sAuIngnsdIuaNaume
auwa (Consistency Ratio--CR) fiail

Cl
CR =  — (3)
RI

1ae RI (Random Consistency Index) Aagaiiaanu
AR AUNAT I

£1A1 CR<0.10 %38 10% Da3NnssUSeuLigu

o
a ¥

iw@'ﬁuummaamﬂaaaﬁ’umaummaaqﬁut@m%ﬁ
gousuls Seansathraiildainnisneuluuaauan
lﬂﬁwmiﬁﬂmmmﬂfmﬁﬂmmﬁﬁmﬁaEmsxmums
dutuddiaseild uidiAn CR>0.10 %de 10%
asgfoinoglunamidliansasoniuld iseazdes
MnsnumunsiiagiuulIeuifisudadonaynis

[ [

marruadEAylunsSeuieuiiazalu

a19uAuEdARY (ranking) vauwmalulad
MIAUINTAULIUBIIATINTG Fast Travel
Wavndnu

- Msiindumenuleg

- mMslnannsziddunszmenuLg

- NAIAUANIULERS
- LNAEIANUNTSIAY
- INAUFIAUNANTENUNGINA

AN 1 NTBULUIAANITIVY

\Z

- NMINTINABULBNATTINEAULDY

- mawdsuulaimsaeadisadusienues
- mstudedufenuos

- MIRAMUFUNTEMUAULDY
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AUNAFIUNTTINY
¢ ala i v a Nt =]
wnausininanenisanaulaildlunisaniden
1A59A13 Fast Travel lNOWAILIIINIABIUUILIYIR
malug laun sruanssougymanalulad arumadea
AMUAMLLFLS ATUNITRY AIUNANTENUNINGIAA

25 iun15938

mMs3sendstlunsisodesnalneldinadn
sEUIUMSEITUTUA S UTUE A (Analytic
Hierarchy Process--AHP) d1%5U3 U831 AN
WAearulaseanig Fast Travel Usznausielasenis 6
1As9n1s Toun (1) nsdadumenuias (2) n1slvan
N3 UdUNNTEAEAULDA (3) N1TATIVEBULDNEAITAY
AU (8) N1siUasunlasnsveadisnusienuies (5)
MsuAdedudionues uas (6) NMIFAMINFUNITE
faemues i fildlunsindiduainudifyves
1A39n15 Fast Travel lagusznauaig 5 Lnuginan
Toun (1) srugussauzmanalulad (2) srunaiea
(3) Fuaudess (4) funsiiu (5) FMuNanIzny
N195519
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ARgtestusumsliinsglasans lunszuaunis
WUN9YRElagEns o inen1AguUIRIRMA LYY
3117 40 AY

nauAIBE1e 311U 36 AU tagldnisAwiun
quf081991NgATVRINILS 81U (Yamane, 1973)
Usgnaude uarlimsgdusognswuuntstunian
fumiaany Jauvady

fuimsifedestusumsiiuinisglaeans
lunszuiumsiiuniavesylagans o vine1niAeIy
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i3asilafldlun1side

wdoafleflilunsisuaistunuinguszasd
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uaragUna Tnefindosile foil

| U 17 atU? 3 Uszduiou Auengu-suau 2566

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

1. wuvaeuaiiefnwnaeindnuazinael
sosfildannnsnumuassanssuiellunisdndule
msidenlAsanis Fast Travel Inenuuaauauuwiaiu 3
now Usznausme (1) neudl 1 deyavhluvesteuuuy
aoun1y (2) neudl 2 foranuieifuinasindnuas
N9 T99E RS UNITIRaIUANEAYURlATINIS
Fast Travel wag (3) naudi 3 Toranuisifusydu
Anunesn1ssndulunisidinalulagnisivuinng
AULBIBILATINNG Fast Travel

2. wuudeUaLAAAY AldRnnsnuvIL
IIIUNTIULALAUADARARDIN UTRIAUDLUL VOIEUTINT
wazfidevny tinasivdnuazinusisesilldunimua
nsoukwIAnluNTad1iIkUUlATIAT 19U KUY
audeu wazihluldlunisadauuuaeuny Wieiiu
Teyalaun1siUTeuiguldeg uavdndinuaiud1fsy
294lAT9N19 Fast Travel Lﬁlaﬂﬁﬁﬂauh%@ﬂgU%Wﬁ
Y191N1ASIULIUIBIRRIA IRQYAINNTZUIUNI AU
Fuddased

nsinuIIUTINdaya

Ipvinidedionn LiloveAUBULATIEILY
nstiusIuTIndeya wazanliunisdndsuuaauny
neluswald/Aoimeeaulal

ananldlunisiiaszvidoya
NTIATIERTRYA AR UINITIATIEY

ADQ
=D

1)
n1sieseideyadiuynnaliadanssauun
Ifun Al wavdevas
AIANYIUN N NANLATLA N TOIAINTUNT
INAIAUALEIAYVOILATINTS Fast Travel Layszaiu
Aanudpan1sdndulunisldmaluladusnisnuiesves
TA53an15 Fast Travel WWadfnssamun 1dud Anade
wazdudosuuannsgiu Wadfoyuu iun e
duuszavsavduiusvoaiiosdu Tnofignsnsdiuan
(Forthofer et al., 2007; Angsuchoti, n.d.) é’d‘f‘j

. X x-X)(y-¥)
JZ(X-X)ZZW-}")Z

1o NN UANAT AL UUAFUUS L ANDENAUNUS
Yaailgsdau (LaMorte, 2021) fail

(4)




0.80 < r < 1.00 HAudUNUSUNIIUIN
lusgdusnnian

0.60 < 1 < 0.79 TANUFURUSAUNIIUIN
Tusgauunn

0.40 < r < 0.59 fANuduRUsAuN19UIN

N

Tusegauununang
0.20 < r < 0.39 TANUAUNUSAUNITUIN

N

Tuszautloy

0.00 < r < 0.19 fANuUFURUSAUNIIUIN
Tusuesiigavielaiduiusiu

-0.19 < r < 0.00 HANUFURNUSAUNIAU
Tuszduesiigavieluiduiussu

-0.39 < r < -0.20 fANuFuRUSAUNI9aU
Tuseavilay

-0.59 < r < -0.40 fANUFURUSAUN9AU
Tuszauurunans

-0.79 < r < -0.60 HANUFURUSAUNIIAU
Tuszauunn

-1.00 < r < -0.80 fiAuFuRUSAUNI9aU
Tuseduanige

nMvadeUtdfyvesduUssAvSanduius
vaudgdultaiinageu t (t-test) Hansnisduin
el

rvn-2

t —_

) vi-r2’

3. AnwimsinanduaudAyUedlATINTg Fast
Travel ilemssndnlavesifuimsvnennmeiuuinyi
malngflinsiiasgrideyalaginaiianssuiunis
St 31A3129% (Saaty, 1980; Tansirikhongkon,
2014; Aumnuaiworachai et al., 2022) Tnefldunou
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df =n-2 (5)
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