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Abstract

Coronavirus disease 2019 (COVID-19) is caused by infection with Severe Acute Respiratory Syndrome
Coronavirus 2--SARS-CoV-2. During the COVID-19 pandemic, the National Blood Centre--NBC and Thai
Red Cross Society--TRCS reported a nationwide shortage of donated blood, which was a serious issue
in 2021. The concern of blood donors over the COVID-19 infection triggers all blood donation units to
lay down clear safety measures and guidelines for blood donation to build confidence among people
to donate more blood. The changes in blood donation guidelines by NBC and TRCS aim to ensure
safety against SARS-CoV-2 infection for all stakeholders, including blood bank practitioners, donors,
and recipients. Hence, the criteria have been established to screen for COVID-19. Currently, people
infected with COVID-19 must defer from donation 14 days after full recovery; asymptomatic COVID-19
patients must defer from donation. 7 days after detecting infection, donors who have received the
COVID-19 vaccine must defer their donation 7 days after receiving the vaccine, according to the initial
announcement, later reduced to 2 days. The laboratory will not test the donated blood for SARS-
CoV-2 antibodies or SARS-CoV-2, which may be found in asymptomatic COVID-19 donors. Therefore,
blood recipients are not at any greater risk than before when receiving blood from a donor who has
previously contracted COVID-19 or received the COVID-19 vaccine, compared to general donor blood
before the COVID-19 pandemic.

Keywords: COVID-19, SARS-CoV-2, blood donation
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NAABIlAEIENIINTIIUINTFIUNITUIAISLADATATN

wiadansunnddudvaaeusienuiad (Coventional

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 18 avui 2 Uszdifiou wguniau-damay 2567

Tube Test-CTT) w3oldia3adinszidnlud@ldngn
A15 Column Agglutination Test--CAT Feldoens
asavlulSinaiitesninds CTT ausansiadnsen
wanemeg1sluna eIt umgaNd i UTesU R
nsfididenusaadusivauain

« NINTIVANNTOILDUAUDAK DLOURLIUUY
Audiadonunsdu g Alenuddymenadn uenuile
9IN3¥UU ABO (unexpected antibodies) itetaariy
Ufsomdansiuidentlafisussasdvesitan dadl
weufinuremdeadnarmaniufinssfuseuiued
lunarauvesfuiana lagldndnnisnisinizng
yesuauAvefiandiuvesuinatuindeaunaiil
woURAIUYRMYIFEAL DY YA 9 OPRPIE AT ITRE
Aatin (screening cells) Fanzngaliliiusen1iuan
idlotluguiiuil uaz/vde incubate 37 °C uay/mio
Indirect Antiglobulin Test—-IAT &13150059197LAT1EH
17935 CTT wieldiadesiinsesidnludi

. msasamitelsadidrenenmenislviden
FaflgUAnisainmsnuluuszunsleigs Aiflnansznuse
gunmanansavilideTinld dagudusmslafinuiend
amnmualngldrmmnasgulienamidelsn 4 vie
AIUNINTFIUENG UTENousIe WelhSasusniaud We
hifasusnau? Wolsmerle? uaniouuniisedidels
Anlsadiaa vhn1snsasiaiy 2 Biusndieiu 33
WINATINE U MERINEN (serology testing) B9
Junisamamueuinuresdeviensiamueuiven
G]IE]L%’E] 1ne75 Enzyme Immunoassay Test--EIA ED
Chemiluminescence Immunoassay--CMIA #3©
nATABUALATUNNTTUT0991NNTENTNENETALEYT
annsansIaRansendenuiaald druitiiaensia
Mﬂaﬂiﬁuﬁqﬂ‘i’iumﬁ]ﬂ%’@h%ﬁ (Nucleic Acid Testing—-NAT)
U5¥nausie HBV DNA HCV RNA uag HIV RNA lagly
#aNN1s multiplex real-time PCR %qmiawwﬁaﬁa
3 aila lansoudulunaiiediu nenan1snsan
Wennisdedlinaluauinsihidondiadsuians

Wen dwsuiluldiuguaesely




M99 2

N199599TATIXYNINTBIUAUAN TN NEUIMI T 0N YA DAUTIA

dedensan 318N1IATID WaNN1IMARaY a9 vDIAUE
UINI5ladin
WY
dnnaalng
fos  ladaeq
A593  AS
denasudiuluans viiden Uiisensinenauueadaidienuns (Agglutination) lne v
Mufoauds CPOAL | Wy ABO 14 Anti-A Anti-B uay Anti-A,B
- vy Rh Ingld Anti-D 6878 CAT v3e CTT
Fufuenldanden  avadanseaweuRived  Indirect antiglobulin test Tngld CAT w3o CTT v
Fouiuenlfanndon  vesmyiden EIA 3o CMIA viamafinduiildsumsiusesinnsensn. v
prTleuRnuTeste  asnsugviansansafansesdenuiaald Tagld
vieusufiveiseelsn weuRveiviewouRRuTisinesedLUsEneUTeNTe
fidndorumaien
- lh¥adudniau B « HI5IAMLBUAIY (HBsAQ)
« lhasusnuau C « ATIVLIUAUDA (Anti-HCV)
. hiawevled « ATIINUBURLIULALATIINILOUAUDA (HIVAg/AD)
. Fda *« ATIINUBUAUDA (Treponemal antibodies)
Multiplex Real-time PCR lngn1snsiavnansiiugnssu
Foansudluans anamansiugnssud vouto 3 wianfouriu v
ffudioauds EDTA Ansianiaiaan (Nucleic
acid testing ; NAT) * 157991 HBV DNA
« h¥adudniau B « 7152991 HCV RNA
« lhiasusnuau C « 792971 HIV RNA
- Lhifawevled Real-time PCR Tngnsamansiiugnssumsasumisui
nasopharyngeal/ as1ansAnelsa TUNIZOYNUDE 2 AIWNUS v
throat swab/idem  ¢upe oy - 5799 SARS-CoV-2 RNA
Aasuaauluansiu
Boaudq EDTA Electro-chemiluminescence immunoassay (ECLIA) Tng
14 recombinant protein Fdudau receptor-binding
Fofuenldndon  ssamgidudiuiede  domain (RBD) veslUsAu spike
Ta¥a SARS-CoV-2 uas v

o o

fAuiundesiunisiia

e

\@o11%a SARS-CoV-2

(neutralizing antibody)

* 15795¥AU SARS-CoV-2 IgM 1gG IgA
Micro-neutralization assay (Micro NT)

» 71599 titer Y89 SARS-CoV-2 neutralizing antibody

Note. From “Standards for Blood Banks and Transfusion Services (4 th ed.)” by National Blood Centre,
Thai Red Cross Society, 2015, Copyright 2015 Udomsuksa Partnership Limitted
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AUUARANEYRILARARUTIIANAIINGALATA-19
AUGUINISlafinuiawId anin1vinlvedinig
Usuuzinsfnnsesquantivesiuinadenuily
Faingaladn-19 udsdagiulaeiiiudoyagumgd
1y FoyavseiAnsaelslain-19 muriedaya
ns¥uiadudestulsalain-19 fifuualifuiana
Geadosmeannsidulsalain-19 wildsni 14 u
JausAdenla (National Blood Centre, Thai Red
Cross Society, 2022) Faandunariarldnuiel$a
SAR CoV-2 sauflswnansugnasn RNA vaadelafa
SARS-CoV-2 luidenyu3a1auas (Duan et al., 2022)
wonanidammunnaeiliuinadenldndianu
Saduteatulsaladn-19 uldsndy 2 Ju Fluusenia
wsniSulanu3ana 7 Ju (National Blood Centre,
Thai Red Cross Society, 2021) Tunsalfilaifinadng
WAB9SUIRTU uan1dellannistiaAss Tia1sanem

U331A 7-14 JurIeauninsumeigan1izuniiuin

'
=

nandaglinudinlsznauveiionlindnndu
n1sasIanIeviaaluRnisdamslduuimienis
A5 BL5A 4 YA NANUITORNRDNIUADANULAL
= 1 a a a v 1 U U 7 =
wmilounouiningnlain-19 lawn hadudniaud
hsadudnaud hsaevled wazwuafiSeinalmie
1saaiaa waldlamnunlinsiam@e SARS-CoV-2 a1n
HOANTUUIINA BIa0nATeIUNNATE IS LIANSLGON
TusgAuuuIRou 9 Lawn AABB (AABB’s Transfusion
Transmitted Diseases Committee, 2020) wLay FDA
(U.S. Food & Drug Administration, 2022) 118331A
K X Y a a Y a
Wodlnaliiinlsanvemdundnn1ussuuniaiu
118la AARDINNALDDINSINYAVDIAITAANAI LA LN
Uyn diane waune AanszaneluenAtenain
sruumaiumielave sl niige lanusieaunis
AnFan1uN1EDn (Cho et al, 2020; Politis et al,
2021; Corman et al.,, 2020) WazHIUINAINLUNAS
Woludagnluasss (Schwartz, 2020) Jsdslaifivoya
a1 A a A = v p=
AUITDIANULFLIVINITUNST WD Dawsiazdlaniany
laludenvesusnaniweousliiionnisuanivedlsa
(asymptomatic SARS-CoV-2 infected donor) W1
wuamsldlarivualvidewmsiadnnsesusnaynay

NaUUTIIAAILYANTIV SARS-CoV-2 vila ATK n3alv

, ‘ NIANTIVINTUATINE DA W Te
UM 18 atuf 2 Uszdiiou weun1au-gamaw 2567 v A < B
i s g atuinermansuazinalulad

1

HUSAARTIIMNATNUENITUTR IR LTa SARS-CoV-2

U
£ a

Aewaila real-time PCR A9UNNUSINA Usntioan
Usziuludoato SAR-Cov-2 Fwenamuludonusdsliny
enuaruds ludenusnadenaiiosdiuseneudu
inasioflisuidendelmnuiidesiuujisenou
auaInaiiAuiuvesdulsznauiden Wy Laufved
LouRlausowadidaiden Ssnevosu fuRnssunns
W@enaginisvaasuanudiulavesdonlavaiu
U5ENBUVBIRDAYBIEUTIIAWALHTU (crossmatching)
wWielviFuldsuideniinsanyiden ABO uay Rh 1y
Ssiuusn wedadinsnsamueuiivedredindenuns
ﬁm%’wyﬁamgu %] unexpected alloantibody N5
pIneesUoRnsmarineunisliidenauns
PreUeaiudunsevets Suldenanujisenisidn
Auldlaveadenauvliidadonunnuuuideunduy

(acute hemolytic transfusion reaction) ¢

navasLauAvafnaali¥a SARS-Cov-2 Tuidan
N o a A VWYY o o @
Hu3ananmeanlsalaia-19 vialasuindulasiu
13alATn-19 vivesiwalaia SARS-CoV-2 aglusang
uildfansuansvaslsa dagsuidan

n1sfndela¥a SARS-Cov-2 uawnislésu
Tagudesiulsaladn-19 awnsanszAugiiquiuves
suneliadisueuRuefaalushiudiulsznausng 9
voudeha lfu Spike—-S Envelope—-E Membrane—M
uaz Nucleocapsid—-N fins@nwinuan Tudenuiana
PnENATinsRndenfouliueuuefre nucleocapsid
Juesdusznaunnisiovas 75 waziduusufivedse
spike INETTlasUTATuTpaUlsAlARR-19 snnridesas
50 (Permpikul et al., 2023) 1AYSEAUVDILDUAUBA
sordelasa SARS-Cov-2 luidoaunnssiuldluusias
qﬂﬂaﬁ'ﬁuﬁwmaﬂﬁa ﬁﬂLﬁM']ﬂﬂﬁ&Jﬂ']ﬂuﬁmﬂﬂa
w4 bk e 818 SEuUNIRaUaNaININANiuYes
Auted wazladunieuen laun mm"v’u@%& Uinaude
AlF3U anusuussveslsa viavesiady Sruudy
faduiidn anmsdnwmudn msdaidelassssund
annsonszfunsadLeuRueseeli¥a SARS-Cov-2
Tudunid 2 ndaaniFudennislsaledn-19 dadu




¥ile IgM Aoy uaraueie 1gG Tunends isedugan
Uil 3-4 uazanawnnlnezsla lsM up1a
asaldnunielu 2-6 a9t dau IeG azanaudntios
ogldunumaeifounazazanaundoUsrananmildy
129 3 1fou Insszduneufivefivariludaeiinaide
suuswideiivensniausiuseasiisefufiganingiaed
laiflonnisuendniau (Sethuraman, Jeremiah & Ryo,
2020; Sritipsukho et al., 2023) guluglasuindu
Joatulsalain-19 lududl 1 asfingdduiusiodelasa
SARS-CoV-2 1¥uwiin IgM agUszannl 1 iounaznds
MntuseivIranasmnaumely delddndunsedu
Wit 2 astiliigddufuingeduuasdusin 166
oguIulsvana 3 1oy wagmndafunszduidud 3
ifinseiugRduAuT ez egliuuUszanm 4 1fou
(Poovorawan et al., 2023)

Turingalain-19 5213190 A.6. 2020-2021
Afamugtrenind wiuinnuazfedaiaindulosty
laldasoumguussvinsdiulvg vaneusemesiuds
Usemelnefinisusnnanasndadudiuniindesan
Fongthefimeanlsaladn-19 Funin convalescent
plasma Feilueuivedsoie SARS-Cov-2 wiaiiu
neutralizing antibody ﬁmmmﬂaqﬁumiamﬁdm
n134An neutralization Juiveunalisa ffudianns
dhduiuwadieylenduduetoasidmune Lilei
Unwgdasiifadeiifonissamvasendniavis
finuidazdeTings wan1sAnwmudn a1anse
PrwanausuussvedlsalianadldmnFulinisinw
Faurszerusniinnitoudnnsfnunlufudulselowd
971 covalescent plasma Tatau Lws1glgsaununIg
Snwidiseduli¥auaznisquady o amminsgu
AUdevidn (Duan et al,, 2020) 1NTaYANISANY
(Poovorawan et al., 2022) Iutﬁ’ﬂwlmﬁ'mamﬂ
15AlAIA-19 WU SARS-CoV-2 neutralizing antibody

<

Tudealdeninuis 1 U lngseiuazaey o anas {iae
flasfionmsguussnnasiissfunouvediigudu 2
windlewfisuiuginedifiennistiesuazaseglioniuy
91 egalsAmudsliiveyaitauiiatuayuia
Usz@nSA1naed neutralizing antibody Tun1seeiu
Tsalain-19 Tudnuwaedilu passive vaccine w3e
msﬁ@%mﬁamiﬁ%’u neutralizing antibody 31n&7u
Uszneuvesdonuiann tiesainwuin guleime
9nlselain-19 Aaunsofndednléan

unagy

Fnganissruiaveslsalada-19 feniuiy
damansznusionszuIunsUINAEeaialan wide
swimsideanantulszindlngde auduinislaiinum
YR aN1N19IANEIHDI00NUINTNITHATIUIUGUR
Tumssuiinadennasatuliviusedeyaiaduayy
nsundsEUInvaNTelI T SARS-Cov-2 quiiadagiu
fidoyaatiuayuuidnindolia SARS-Cov-2 aunsa
wulwdenlauslaifinseniumauieauazdiulsenau
voadon fufunuamansiuinadenluilagtui
lildmsamuouivedreideludonduiniaruiah
Wela¥a SARS-Cov-2 Faananuldlufuineientiin
Foustliiuansenns ieaudiinsdansesdoyauss I
fusaadidiluGes gamad Usy iAmsnlsalain-19
suisdeyamsliiuinduliosiulsalaio-19 e oy
miamL%asuamﬂmﬂi;gﬂﬁﬁamul,t,azQ’U%ﬁ]'}ﬂfiﬁ'u 9
wazilesandalddeyaiuudniaszanininues
pfidufusediolda SARS-Cov-2 fianunsanuldly
Bontaravesiuine daiufiuidendsllifmmuides
unniluniufslunisiuidenanguianafiaei
lsaladn-19 vislasuingulesiulsalain-19 gy
fudengusneiluneuianisszuinvedlsalaia-1
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nsfnyidendsditnguszasd esenuuuiesiamainddssFeulade fauiulndnfvoiundla lned
msUszendlindssnddelnduinstuaanedey angiideldtinmsimunlsaSoulnguiimdnmsda dvun
ANLNT19 4 LAs ANNEND 8 LAS LATAINES 3.40 W3 Ineillassadrandsavinmdreas 15 aaen lethung
Toanswaduuulndesastalat (Polycrystalline Solar Cells) vunm 340 ad 19856 wie Tauvay 12 una nsusiazdng
ADTEUULUUBUNTY ke eiasd 19N seuuLULIINY TngrnuAIesdunesmaiuuIn 5,500 Sag THan15veu
wuvoennia (Off Grid) Tnglailduumne? iileanuunaunsldamlin Turasnainaneiu (08.00 u.-17.00 u)
diedneadlaiiliun Wnaugaszursaudou duvunuen wasugaarsasansovinowasoviad lng
Ifnnasamdninniuldalelasluindluuuads seuufsthan (DRFT) wagvhnsnadeumusansnmunsssuy
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Abstract

This study aimed to design and develop a closed greenhouse constructed with clear polycarbonate
sheets. The design integrates green energy for eco-friendliness. The researchers developed a greenhouse with
a gabled roof measuring 4 meters wide, 8 meters long, and 3.40 meters high. The roof structure had a
15-degree angle on each side to accommodate six polycrystalline solar panels of 340 watts on each
side, totaling 12 panels. Each side was connected in series and then in parallel, passing through a
5,500-watt inverter for off-grid operation without batteries, to reduce electricity usage during daylight
hours (08.00-17.00). This system powered cooling fans, mist sprayers, and pumps for solution A and
B fertilizers. The team experimented with vertically grown hydroponic green oak lettuce using the
Deep Raft Technique (DRT) and tested the efficiency of the solar power system, which served as the
primary energy source. The experiment with the cooling fan generated an average voltage of 226.7
volts and an average current of 0.19 amps. The test with the fertilizer solution pumps showed an
average voltage of 226.7 volts and an average current of 1.13 amps. Both experiments allowed for
temperature and humidity control inside the greenhouse through a smartphone-based automatic
system. The experimental results from two cycles of growing green oak lettuce in the closed greenhouse
revealed that the optimal number of vertical planting holes was 720 per cycle. This setup enabled

the successful production of hydroponic green oak lettuce within the closed greenhouse.

Keywords: greenhouse, hydroponics, solar energy
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Abstract

The prototype of the eco-car driving practice kit was designed and developed for simulating eco-car
driving in order to compare the fuel consumption rates between driving on the tester and driving on
the real field. The test was divided into three stages. In Stage 1, the eco-car was tested by driving at
an average speed of 30 km/h with adjustments to increase or decrease the downforce of the drag
force generated at the wheels at 0, 5, 10, 15, and 20 newtons. The average fuel-consumption rate
was calculated, and the result was compared with the results from the Honda Eco Mileage Challenge
No. 25/2565, which found the fuel-consumption rate at 256.75 km/L. The test result showed that
the downforce of the drag force generating set was close to the result of the Honda Eco Mileage
Challenge, i.e., 6.84 newtons. In Stage 2, the eco-car was driven at different speeds, i.e., 50, 55, and
60 km/h. The test results showed that at 60 km/h, the car fuel consumption was the best. In Stage
3, the data from the above driving tests were compared to find the tendency of the average fuel
consumption rates at the 18-km distance according to the rules of the competition. The test results
showed that the average fuel consumption rate was 51.48 grams (265.80 km/L). Therefore, in terms of
future improvement and development, the researcher can predict the fuel consumption rate before

the real competition to find the best point of improvement for the next competition.

Keyword: eco car, fuel-consumption rate, average driving speed
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Flag Post : 23
B oigital Flag: 10

Track Data
Length : 4554 m

Width: 12 m

Total Turns : 12

Right Corners : 7

Left Corners : 5

Longest Straight : 1000 m

Circuit Gentreline Length = 4,554 m

AW 1 aunudatuiauutduwesiudunua woshn Jaminy3sud

Note. From Competition rules by Honda Eco Mileage Challenge, 2023, retrieved from https://www.

thaihonda.co.th/econo-test/FileUploadMain/ImagesUpload/
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1. Uszanwaausaideaniu Friction
1.1 usadsanuaiiaiiig (dry friction)

fo wsaBoavuiiistuninnisdudadues
Fogifaniuzifuvesuds Tnsusadoamuuiaui
anusaduuneandu 2 wiindes Ao (1) usaudeaniu
afin (static friction) Ao usadsavuiiAntusewing
nduifaeaingluanneiiinglé3uusanssyiudmys
ﬁqasjﬁ’uﬁ (2) usaidganuaay (kinetic friction) Ao
usadsamuiiAntussrinsindudavesingluane
Afmglesuusanszyiudninnisiadeudidioninunda
Asil Fawanslunin 2

1.2 AFNNVDILTUFYANIU Friction

Amvesusadeanuifinaumstunsindeu
vosing fseazduadil (n) soiedeuiiindrellemn
grasavaurdeuilufieaufuuniinuazusadon
MU F J9mnd1eluvn (1) saudunaendininyn
Tudhenssanyuadeuiiniuduuniing usadeaviu
F fifimnsa1nvanludne (a) sausndesgfiaussnas

Normal force

Normal force

Force

Normal force

WABUNIUABINNLAY AB 91NV UDIY wINELANIY
fAmang1eluvn aakanslunin 3

13 wqwﬁﬁugm Pavement Friction

AMUEEANIUVBIRIN (pavement friction)
Ao usafigunisindeulmseninsenswessasudiv
Aauu LLiaéhuﬁ%LﬁﬂsﬁuLﬁamqsaauﬁmuﬁdaa
T ituRnvesauy daanslunn 4 Faussduioy
wildanaunsi 1 Ineusadonniuvesinauuaunse
wuseanlaidu 2 Ussianlaun anudeaniuniues
(longitudinal friction) WarAIMMELANIUAIULIN (side

force friction)
u = F/FW (1)
Tned W= ﬁ’uﬂszaw%‘mﬂmﬁﬂmmu

F = w5 @eanulunuinsatnunuianig
ANSAARUT (MUY T6w)

FW = L59nafliina1ndnvinsaguanngeyin
FOADLULUIAY (M1 Tasw)

No motion

Friction
Static
Motion —— >
Friction
Sliding
Rolling

A 2 JUusudgANIUUTELANAN 9

Note. From Type of Friction by Friction, 2018, retrieved from https://ngthai.com/science/27846/friction/
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Note. From Type of Friction by Friction, 2018, retrieved from https://ngthai.com/science/27846/friction/

Weight, Fw

Rotation

AN 4 LSINNTLIABADIDYUAVULINITAABUN

Direction
of motion

h Frietion Force, F

Note. From Pavement Friction by Pavement Friction, 2015, Retrieved from https://sites.google.com/

site/patcharayutchanhom/khwam-seiyd-than-khxne-phiw-thang-pavement-friction
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3. TupoUNISUIZNBUYALAUNANITNAADY
WeuAFIlUsHN5Y Arduino
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fve1e HX711 Ingldads Module Weight Sensors
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Load Cell

O

O

AN 9 N15HDIITWULYDS INANTARA

AREF |-
ARDUINO
GND |
HX711 UNO3 "3k
- I0REF pizf
RED VDD |- JRESET  PwmDIl}
433V PYM D10 |
BLK VCC 5V PWM D9
4GnD D& f
= WHT DAT GND
= Vin D7
GRN CLK p— PWM D6
a0 PWM D5
—1YLW GND - Al D4
442 PWM D3 f—
443 D2
Ja2 TX Dif
a5 RX DO

Note. From Load Cell and HX711 by Amplifier Module Weight Sensors, 2018, retrieved from
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Abstract

This research aims to develop applications for Android operating systems. The objectives are as
follows: (1) to develop a knowledge transfer application for ancient boxing dance in Sakon Nakhon
Province; (2) to evaluate the effectiveness of the knowledge transfer application for ancient boxing
dance in Sakon Nakhon Province; and (3) to assess satisfaction with the use of the knowledge transfer
application for ancient boxing dance in Sakon Nakhon Province. The development process followed
the Software Development Life Cycle--SDLC using Android Studio, Visual Studio Code, and Dart. Performance
assessments were conducted by five experts, and satisfaction assessments were gathered from a
sample of 100 people using a simple randomization method. The statistical measures used were the
mean and standard deviation. The results of this research indicate that the application for knowledge
transfer of ancient boxing dances in Sakon Nakhon Province, which includes a total of 23 dances, can
function in two ways: (1) users can learn the ancient boxing dance in Sakon Nakhon Province by selecting
content that serves as a medium for conveying knowledge of ancient boxing dances, allowing interested
individuals to learn at any time, and (2) administrators can manage information about ancient boxing
dances. Based on the overall performance assessment results, the application scored at a high level
(X=4.43 SD=.60), and user satisfaction was also high (X=4.37 SD=.74). Therefore, the application can

serve as a medium to promote health, arts, culture, and tourism in Sakon Nakhon Province.

Keywords: mobile application, android, ancient boxing dance, knowledge transfer
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Abstract

The objectives of this research were to (1) create thunderstorm nowcasting models and (2) evaluate
the efficiency of the nowcasting models for thunderstorm forecasting at northern Thailand’s airports
with forecasting times in one hour and two hours using machine learning techniques. The input datasets were
obtained from the Meteorological Terminal Air Report (METAR) of nine airports located in northern
Thailand. The hourly METAR reports generated by the Thai Meteorological Department during January
2015 and December 2022, covering a total of 364,382 datasets, were analyzed. All input data were
divided into 5 groups: the group of all airports, airports in the upper northern, airports in the lower
northern, airports surrounded by mountains, 1-2 sides, and 3-4 sides. By using machine learning algorithms,
three classification standard algorithms were applied, including Naive Bayes, Decision Tree, and
Neural Networks. Three algorithmic methods with ensemble learning algorithms, including Bagging,
AdaBoost, and Random Forest, were also used to create classification models. The Synthetic Minority
Oversampling Technique (SMOTE) was used for balancing datasets, and the 10-fold cross-validation
method was employed to evaluate predictive models. According to the results of the data group that
included all airports for one-hour forecasting time, the Random Forest was the most effective model,
with the F-measure value of 76.45% and the Area Under the Curve (AUC) of 0.888. For a two-hour
forecasting time, the combination of neural networks and bagging was the most effective model, with
an F-measure of 30.62% and an AUC of 0.746.

Keywords: thunderstorm, nowcasting, machine learning, classification model, ensemble learning

algorithms
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WoungnTalkwIlinan neIn1AwUsUTIUMTeNSAN
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mgluihazuesiasAniunieluszesne 2 Hilushs
i1 (trend forecast) favingY1I8INANSTUAINGT?
TnevhNsUssuNaANLgNADITEINITNEINTAIAINYT?
ormanstuluiilusdaluifimaudafounisinmng
dutiazussiuvielal Jemnugniesvesniswensal
Tuustazanifinsraninianisdutuegfuauianiu
aunsanazyUszaunisallunisiauvesujiny
wiazau laen1sujiRnuvesdngnioning1usedn
auuduresnawmiledianueinaiuintunisneinsal
91MeAUszneUToIMANsTulesannamileves
Uszimelnefidnwazniiusamalaeiluutseenidu 3
dnway Ae Lienln A5UTENINMURT wariugy
sudsiigfioniauuudoutuaduuds angiennia
hldegmelddvinavesaunsauns funnideds way
auusaumy Tuoonideunile uenanidlasudnina
N8I3 7 Fiasudurluiiud (Environment
and Pollution Control Office 2, 2021) Aaganwae
DilUszmALazgienadsna i N vareIn1Ain
mswasuuUasegaaonnauazifuEesendmiunis
wensalonaszezdagiuldediegnies

faedadninfinanidensinisidimatinnig
Bouiveaniostrslunisneansal ludagduiinng
FeltimatansFeusvonndedlunsiinszideya
dien1snennsalennAnNsEEEIA1Re 9 fiavla
LaznuIInswensalennAss ez duavili Ay
wlug ity shegradu msiteieatunisnensal
uszozdagiufomaianisBoudveaaioslneds
Foyatrunsiatalungunnumuasiiviinisine
szzliaImeInTal 30-180 WNIT19NIN WUl SEey
namensal 30 und fieausiuggeanuaziileszey
namensalinntuildauuiugianas Tneszes
namensal 90 uniiduszeznamennsaiuuiiand
aunsagausUAIAILLINglA (Srithagon, 2021) 524
Semidsemanennsaiviinaniruweswssmealnede
BN3BeusdnasuuTaewieiudmIunensal
USunausluansnii 1 89 6 dalusdhand wudn szes
namensal 1 Hlusdaianunraiaadouniiign
waziilesrevnamennsaiuuduilidiaiunain

, ‘ NIANTIVINTUATINE DA W Te
UM 18 atuf 2 Uszdiiou weun1au-gamaw 2567 v A < B
i g g atuinermansuazinalulad

1% v

\ndeugadu (Manokij, 2019) SnnadadianAdeiien
fumsUsegndldinaiianisBouivenisaiionins
syuulaufsarmidmsunsudaieudunnuinly
sveznamensalsvevdun Tagvinisanusses
VaMeINTal 3 Tlus 1wt Fawudn wuusaesdith
@upaEunsanInnIsallunnutnluszegnanensal
3 aludlaa (Moon et al., 2019) 1Judu

AseEdenhmsAnuitsyernawensel
1 uaz 2 Falusdand Tnefiansansseznainiy
TOAIMUATDIBIANITNITOUNALTOUTENI1IUTELNA
(International Civil Aviation Organization--ICAO) i
MuuAlE11nT190111ANS0UTIBNUTII0INIANTT
Tunninluauazesndndiiounensaiunluani
ameluszeziamensal 2 421us (Aeronautical
Meteorology Division, 2015) ﬁﬂﬁ?ur;ﬁ{f&ﬁﬂl,ﬁaﬂ
fansanszezainensel 1 uwas 2 Hlustanii e
1AT0UARUILELIAINITEBNYIAFABUNEINTAILUD
Tthinmsiamgrutiazue wagtitelinsnensainis
AemguihazussdauudugiBelu §ideldvinag
Anwauuduluiiufinawmiesiuiu 9 auwduain
werua 11 @unndu (enBuaunndumnuazaunudu
wsysaiitlddmsunisssniavindu) Taests 9 auu

=1

JuUUINN$51997%U4U181NAN1S DU 19T NU L ASNTY
gafleuing wavillasandnvaeiunainmilevess

o =2

Usewalnelinnuvainvate §33e3alavin1suus

Y

& e & o .:4

Hunfnwieendu 5 ngudeya fie (1) nqudeyasiy
aunutumeawile (2) ndudeyrawndunmamilenauuu
(3) ngudeyaauutunamilenaudis (4) nqudeya

a Ao v 1% v

auuduniguiaeuseu 1-2 a1 uaz (5) ngudeya
aununigidenseu 3-4 au 1nuldinaianis
BeuivenaIeslunsaiiuuuasuiionyInsainis
Wangruiazues lunuideliinisuusnaiaiive
uunsla Binary NHLNEI@0I01ULNTY LWDUY
= ¢ a = Ia
FUsngmsalnsiiameduinazues Tude luiina
gauti1Azuas (NO TSRA) uaziiangauinazuas
(TSRA) antuUSeuiieulseansnmueawuuingss
A8 10-Fold Cross Validation ¥11n15#an5au1en

AIULLUE (accuracy) AIALLTBNATY (precision)




AIAINTEAN (recall) ANANAI90A (f-measure) Lag
Anituiléns il (Area Under the Curve—-AUC) Tne
Aadonuuudaesdinfigauesuraznguieyasien
F-measure gegaiaziansanal AUC ¥8auuudnass

o

AUILEIANSIVY

1. leadanuudraedunisneinsainisiin
wgruihazuesly 1 uas 2 Hlusdemi dmdunis
wensalonaszezdagiu vinuauutuniawmile
vaaUsEinabng

2. WieUssifiuussAninmvesuuudiansly
nswernsaimsiAamgduihazuedly 1 uas 2 alug
Panih dwsunisnensaloinasserdagtu usiau
auudunmawiievesuszndlne

= v

RIPEENLITHVIGEPRRE

AI38YINISANWILWIRANG B uaENITNUN I
255UNTTUMNYIVRINVINUITY T519asLden il

= v o . .
1. N13L38UIVBNAIBY (machine learning)

Lﬂudawﬁwmﬁmmwﬁsawi (Artificial
Intelligence) Ingsane3fiudmiunisFouivendos
gyinsigulagdnludiainnisiSeuslusinuay
msdsuuamaihauliedaslifesdoulusunsy
Mfulivdedinisiedes msBouvoueiosutseen
1Ju Supervised Unsupervised ez Reinforcement
Learning Inefidanasfiuves Supervised Learning 2%
JunsSeuduuuifaeu us Unsupervised Learning
afunisFeudiuuldiifaou Tnevis 2 wuu anuise
TarANuusiuglamdusesd (Gupta et al., 2022)
Flumiaseiifunsatrauuusasauun Supervised
learning UssnnwuudIaeIn1saun (classification
model) 1MNBANDINLNINTFIU (standard classification)
wazdane3uuInsgIUTAUSaneSuNsISBuIwUY
ﬂfj::u (ensemble learning algorithms) %1 Tanwanon
et al. (2017) lalvinnununevesdane3iiunisteu;
wuungudn Wudsnsendeuuudtaesnisswundaya

unndmilsi usazuuudtasenisduundeyady
1NTPUIUNITVINIUVDIILDY LALYNIUUTIABINT
Fuunazairsnnngudeyaifioaiu ioldnadnives
LRaTLUUSa0 Aavinadwsdildmaniuniuiinig
59U (combination integration %38 vote) way
dndunadndaning (final decision) iitellsnadns
mssﬁuumi’f@yjmﬁmmwﬁu

TuuIT UNTUAD UNENAYURINTZUIUNIT
AS1BUUINRDY LAYNUNIUITTUNTTULALD19D99TU
e6i199 MBIV Fall

1.1 ﬂﬁﬂ%’wﬁa;ﬂahjau@a (imbalanced data)

Tunsaififideya 2 nquudounnndt Usznay
AgtayanguaIuNIn (majority) wazdayangudiu
ffoe (minority) dnirfayananuadignisuaunis
afuuiasgdwalihuuiiassitnuianain
luglayminisuusteyaiinngu (Jantarakongkul
et al., 2014) F9913Telne Dey and Pratap (2023)
laAnwseuiiigunisuiuteyaliaunalagldinaila
N15gudIeEuiu (oversampling) 378 laln SMOTE
Borderline-SMOTE wag ADASYN waglidanesfiunis
91uun ekn SVM KNN GaussianNB Decision Tree
waz Random Forest Han153dedanaInyIn nsld
wAtla SMOTE $91AU Random Forest d1A1 Accuracy
g9gn vauz#l Borderline-SMOTE waz ADASYN fiein
Accuracy fididleldfusanesiiu SYM Decision tree
waz Random Forest Laz4114398lat Phaeobang and
Sinsomboonthong (2019) la@nwinisusuaruly
aunavestayarme 4 35 A T5n1sdusiteg1uiu 35
nsgudiegruiulaginaila SMOTE 35nsdusieg
an kALISNNTdUMBEwaNNaY WU watla SMOTE
\duAsusuanuldaunaivinlildruszansaines
WUUdNaD9geEn uananiinuiselng Sridee (2021)
ldAnwnsuszgndldnsiBoudvesadosiionsiodu
mudsiAntulunszuaunsnaaeveisafadladel
dnuazyadoyaiiuddsauvarowenvitaduay
fianulslaunags Inglddane3iiu SYM uag XGBoost
swfu 3 wadalumsdnnisteyadiliauga leun
SMOTE Different Cost Learner kag SMOTE 393U

FRunERAeE sourA: Vol. 18 No. 2 May-August 2024

Science and Technology



Different Cost WU21 ANSIIWMALA SMOTE 2wy

8anea3fu XGBoost dA1Us¥anTa1Ngagn
1.2 msfndenAuanye (feature selection)

TAsAHunsIemsiinsAndenananuay
AedesiutoyadmiunsainsuuuiiasinisBous
Asyansam ufddmheeuduaznanlszing
naamad (Chen et al, 2019) 911398l Khunsuk
and Thongkam (2020) la@nwinsyurunisAaLaen
AudnwazdmiuiLUsEAvEamlumssuunanuAn
winvesgnan tnglinnsdndenaudnuazeseninu
U 3 Alla A Chi-Square Information Gain
wa Gain Ratio waawSeuiigulsyansnmmedana
391 Naive Bayes SYM KNN way C4.5 WUI1 N19ANA
\FenAMEN YL U Information Gain $auiuLnALla

'
=

Naive Bayes Winainfanign
1.3 9an937UEINSUNSAS 19LUUINADS
UL UIUNLITIAUMSANaS NS
anunsaviunenaliwiugfign sgnslsianunnuming

[ (%

auvesdaneifingontuay fudnvusvosyadeyad
7NN YIVRILARZIITBRATLLININIH Y
U3UlY Wu 91w3delag Tanwanon et al. (2017) 1
AnwinsusegndlddaneifiunisBouduuunguile
wensaluulinvessmmanInglunainnanning
wisUssindlne Inglddanasiiu Random Forest SVM
KNN Naive Bayes Wwagdana3sniun1siseuiuuungy
ewmealla Boosting NanIdenu daneiiunisiseus
wuunguasnsainyszansainlunisnennsalliis
5%-14% Uaz13delag Nasritha et al. (2018) lafinw
nMsiFeuifisumaianisgudiegiaiienissiuun
Yoyaiilsiauna neldsanaiiu CART Decision Tree
Random Forest SVM Wag Multilayer Perceptron
Sufudanesfiunseuiuuungy laun AdaBoost
way Bagging WloaiauuusrasanIsduun 91013
Wenudn wadanisgudledraiuaiunsalivuse

Toyailiaunalddiian uaghuudnaes Random Forest

| U 18 avui 2 Uszdifiou wguniau-damay 2567

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

LUUI1889 Random Forest 74U AdaBoost wag
LUU41a99 Random Forest $3ufU Bagging &lAN

'
v Y aa

Usg@vznmnisdnuuniiniudeyaniiaseilunuide

2. NM5NAFUUITLENTAINVDULUUINADS

nsnageuUszansamdutuneuiivadan
LL‘UUﬁﬂﬁ@ﬂﬁﬁ%ﬁﬂ%ﬂﬁﬂizawﬁﬂﬁwﬂ’]ifﬂoﬂLLUﬂ‘i’J’E)gaﬁ
avsely Fallmafleiziivannuans wu uidelee
Dey and Pratap (2023) l¢a$1suvusiasafioAnu
Wisuiisunslidanesfiufivainvanesiuiunisusu
Toyaluaunamemaiingig q lneinuszansnmeie
A1 Accuracy Precision Recall F-measure way n319
Receiver Operating Characteristic--ROC uaﬂmﬂ‘fi
UITYves Manokij (2019) laasrauuud1asenis
¥uneUsunaduvesssimalnedeiznisGeu
Y\3ednansuvudanadofy LileviuUTuury
daami 1 fa 6 dalustremi Tnedeyaildluny
Fdeslauilsiannaszninsnanafidunnuaziulinn
waglU3euLflouUseansnindaean F-measure Lile
93UIEAMUANNITAMUNITIUNIEAAIEARUAN SIUES
113delne Moon et al. (2019) fiasrauuusiaes
dmsunsudadoudunnninlumsnennselssosdu
11N LaglUIeuLiguUss@nsnIneeauuudIassng
A1 F-measure osaniduyndoyaliiaunauazen
dasdrmvesdrurumamsalivihuneldgnieiiny
AN LazdUITBUDI Senawong et al. (2022) 11N13
PuundayavuamglaglinsinnguiieTBiniuaz
WNIFeuIAEN uwadnUsEaninmveawuuTiaes

A78@1 Precision wagA1 AUC

Tusuiseiarimsiaseiaisig q a1n
Confusion Matrix nmatAavngruiinazuesiianmise
Pldldfunssuunmaasiin Binary vesuideiily
391573 1 Aluanaen True Positive—TP False Positive—FP

False Negative--FN Wag True Negative--TN




f1319 1

Confusion Matrix

¥ Do« D )
uia3e “iAanreluiinzues

uia3e “Lifawigruirazues”

Mugd “iengnuiinzues”

w3 “ldifamesuiinzues”

True Positive--TP

False Negative--FN

False Positive--FP

True Negative--TN

INAITNN 1

'
a o 1

TP A IuiudeyanyiuednfianigiuiinrueIuduinTuase

FP g Iwiudeyaiiviungininnigruiazuasuduaselaiin

FN flo J1unudeyaimiuwednldiiamgduiiiazuasuduriasadin
7

TN fa d1wiudeyaivituieinliifameluiiazuodnadlaiiniuass

Y

LLazmmmﬁﬂmmiéfﬁaaumiﬁ 1-4 Promla
and Sanrach (2020)

TP+TN

Accuracy = (1)
TP+TN+FP+FN

procision — TP

recision = TP i FP (2)
R Il = TP

eca’t = TP ¥ FN (3)

2 x (Precision x Recall)

F-measure = (4)

(Precision+Recall)

A1 AUC Aunuanfiuilansid ROC Fadu
NINANGEATENINNAT Specificity (WNU X) wagAn
Sensitivity (Wnu y) et laueUse@nsnineeenis
uuUNAAEYTA Binary lnglUINaansu8In1snNeInsal

& | & | A oa ¢ oAy
panilu 2 ngu Ao nauiAngnisaluasnquily
\inmnnasal (Lamprakhon, 2017) lag AUC 9zilen
9g5¥1i9 0-1 oA AUC Whlng 1 wangAludn
wuudaeslunnsanaansadwuntayalifuin o
anunsarualafsaunIsn 5-7 (Senawong et al,
2022) M JuNUIFUNAI@UN1TA 3 WaraunIsn 6
W ~Q ¥ o < o ) V& 20 v
AP ILUSNIY AU T LA INULAT AR IFUN UL
LANANNY AD @UN1ST 3 TTWEAIAIAINUSEANAI TS U
USELANTAINVBILUUIIADY FIUFUNITN 6 UILEUD

A1 True Positive Rate dmsumasnnsin ROC

Sensitivity + Specificity

AUC = (5)
2
. TP
Lo Sensitivity = Tpirny ©
e TN
Specificity = TNTFP

[

wazngnIsIaUsEansaImanal AUC 1y fail
“0.5 < AUC < 0.7 Ap wuudasdiuse@ansninan”

“0.7 < AUC < 0.8 A9 inauaiunsgIudmsy
wuuIaesaulng”

“0.8 < AUC < 0.9 A9 huudiasainaulan”

“AUC > 0.9 Aa wuudiassinaulenuin”

1nATesng 9 MRt lwgided
wIARTAIILATUTELIUUTEENE A NTBIUUUTIADS
lunisnensalnisiiamgnuiiaguesssesdagtu
fiflszoznamennsal 1 uaz 2 Hlusdremi Taodl
nsUfuaugateyafmemadia SMOTE ileifindiuiu
Poyangudiuteslvilifuudeyalndifesiungudiu
:mﬂI@aejmﬁaaéwﬁagaﬁﬁummﬁqﬁaLLazmmiwwm
sewhadeyafidendudeyaiilndifusiian (Chawla etal,
2002) uarmunan1sidefiauslng Phaeobang and
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Sinsomboonthong (2019) Feldmadin SMOTE iiie
Tikuudnaedian Accuracy gean wazgIdemiiu
nsAnFenAudnyazlagldinalia Information Gain
wag Chi-Square dmdumaniminlunsdaden
AudnuazAstoasiinnudnvasliftes
pen idsntiurhmsaiauuueesmssuundoyade
dane37iun1nsgnu laun Naive Bayes Decision Tree
waz Neural Networks kaga1na1uidelag Tanwanon
etal. (2017) wuin 198anesiun1s S eusLUUNG UL
fiAnUsrAniamnssuuniinau fedudifedaadns
WUUTIRDITANDININNTTIUT A UTANDITIUNSIS Y
Suvungu 19un Bagging AdaBoost ag Random
Forest tlenwinisifinussandnmvesuuudians
n1snensalinsiinmgruiaruessyerUaguuli
ATgNABIALLIUEILIN BT

NIBULUIAANITIVY
INNTBULWIANIIBATAATIUAIN 1 151
Whandoyatniennmanstu anduyadeyaiaun
wgnmleutayanaunisasawuudiaes laguusyn
fayatnenianisiuianuneendu 5 ngudaya
puveuALardnvariufivesauuduniamie
voUszmAlne uazwlwdaznaudayailu 2 du
A (1) yadoyanneu (training data set) wag (2) 4n
fosavagou (testing data set) tioiingdunouns
af1akuudnaes laglddanesiuuinsgiudmiuaing
wuudIaeafuaiu laun Naive Bayes Decision Tree
wae Neural Networks Lagdanasfiuunsgiusuiu
dane3fiunisieuiuuungy laun Bagging AdaBoost
uay Random Forest a1ntiunageuUszansnmlag
\donuuudiaesiifian F-measure gagnuadLiazngy

v a

UpglanaziianTanA1 AUC U89uUUdNaedningn

A5aUUN15Ie

Feeniunisideniadu 4 Tunou el

1. nsaseudayanauaiiauuuinaas
NUALUTIUTINToYAAIATUN 1 1.7, 2558

[ v

91 31 5.A. 2565 TasverIan 8 U dadudeyasne

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 18 avui 2 Uszdifiou wguniau-damay 2567

Hluswesdnerniansduvesaumiuniamie 9
aundudsnenulaensugaiosine fwiuteya
favun 364,382 yadeyaudavhnisuseanidu 5 nau
foya Wosndademeiudnuagivsemeditigan
douseudmailviansuszneunieniesingninnig
Wasuulawmasanan liua firmsay Anuidaan s
\Winaunszlyn anwanadagdu ATARLELTYS uas
AUANBINIA UAIIATIZVANUVDUIALAZ AN YL
fufivesauudunamiovessemelng asinosi
ﬂ’mLﬂaﬁuﬁmaaﬂsuqﬂﬁaﬁwEn 3% (Northern Met.,
2023)

ngudayail 1 smauwduniawmile liud vin
9INALTULLTDIEDU NDINIALIULIUNBI AT el
Y1917 1AYULNTIRATEITIY YIne1nAEIuaUNs
YI19INIAYIULNT YI191AAEIUUIUUAT YI191NFIEIU
wnALaen vine1niaguglediy wagvite1n1Anuy
fwaglan

ngudeyail 2 aundumawionouuu loun
MBINALULNEIEDU NB1NALIULIUN AT Y
Mo ALl NG 89y inen1AeIuanUg
V191N AIULNT LAZV19INIASIUUIUUAT

ngudayai 3 aunudunamionauans lown
nNeINAB UL AEDR oAUl LAy
eniAg uiyalan

v = a Ao % 1Y
naudayai 4 aunutunigndeuseu 1-2 oy
laun vieiniaeuglavie wazvineniAeuivalan

ngudeyail 5 aunuduiiiguidouseu 3-4
fu lauA M1eniAe ULl gesdau M1e1n1AeY
wurAdelul MieniA i IraluTe sy
119171AYIUAIUN IN9INFEIULNT V18N 1AYIY
UTUUAT LAZYINDINFLIUUIUITIALNADA

117 1 waz 917 2 1 Judreg1ag1einianig
Tuluguuuutennusia yadeyanvuausenausiy
Toyafuiiduiien 13 diu duanslunisa 2 dadl

919 1: METAR VTCC 011900Z 35010G25KT

1200 R36/1200 +TSRA FEW025CB BKNO35 25/22
Q1013 BECMG 3000 TSRA=




917 2: METAR VTCC 0120007 07009KT
5000 TSRA FEW025CB BKN035 24/22 Q1013 RERA
TEMPO 2500 +TSRA=

9171519 2 1Hen1Y1791n1ANS DU
Usznauluaie 13 diu Ao (1) Uselanaessnesy
(2) $9an191N1AEIU (3) AINTIINIANTITTUY (4)
115M529071MANS TR 85z UUSRTUTR (5) aufaity
(6) VAuAde (7) Aden1susaiuuumgie (8) dnw
211AYUU (9) L (10) gaunglennAuayaungil
ﬁm'«jﬁw (11) PaNADINA (12) Y10Eniiianfial uag
(13) nMsnensalkwilunaniigeiniAusnuaundu

'
' a

Fedrwdt (112) Lnnsesataasusznaunis
onfleaineradsinenunaziadosilonsiseiniansdy
wavdud (13) Judrusevetnidunisneinsel
wunldfuanmenniauinaaunduiiesfintunely
2 %ﬁim%m‘mﬁ’] ﬂ%aﬁﬁﬂﬂ’iﬂrend Forecasts lag
Imusaziluazgnsvauniif 0 uazaiunsads
gardlgladiAuundii 3
iloviin1s1usImY1981n AN STUT e
w1 doyatmunazgnuiuliauysaidelusunsy
Microsoft Excel Tagyiauazendeyaiiieliiog

TugUuuufigndestazauysal 2Inn153ATIEYINUTN
Yoyaursdruiigame (missing value) 1inan (1)
anuiananlufunounissvsnteys Jaunud
Toyaiigymodieaiiigndes uay (2) Anuunwies
vesgunsaingainfituiindinisnsiaialinsudou
auysal Selddngadayatuiisly anduinisuas
Heyalvidlugunuutisdeyadioliimsnszaeesiaiy
sULuUwazanaluN1sUsEIIANAYRILUUTIRRY lag
Meavidunauinvazvesteyaldlumidonansds
154 3

Nt 5 naudeyasvgnuuseendu 2 dw
weriirguuuiians fe (1) yadeyafiniu 1¥deya
Tudw.a. 2558-2563 3931 6 T thidiileldaounaz s
Ansfnoiiivazay wag (2) yndoyanaaoy 14
Toyalulin.a.2564-2565 52u 2 T vl uitenaaeu
Tanansavhanlddtugadoyailiinenumeunie
3] FeluanAdeiidnisuvadu 2 amauiionisdauun
nstAnmguiinazues tufe liiinmgiuiiazues
(NO TSRA) uagiiangauiiazues (TSRA) lagdnuiu
yateyaiidlunisaiauvudiaeuanifiniss 4

INPUT

DATASET

Data Preprocessing

5 data groups

!
Training Data Set Testing Data Set
! |
Imbalanced Data MODEL
SMOTE 1
1 | 10-Fold cross validation |
Feature Selection Accuracy
l Precision

Classification

Recall

= =

‘ Standard Algorithms |

l

Hyperparameter

HE

Tuning

s Highest
Random Forest AUC
F-measure

F-measure

Ensemble

1 |
Best Model

(%

AN 1 NTDULUIANTIY
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M99 2

§0E 190154 UaAIUY1IDINIANITUY

duil ot nsuuanud
1 METAR UszLand1 METAR
2 VTCC eV DRI PRERRIGEN I
3 011900z Fufl 1 181 19.00 UTC mi¥arian 02.00 u.
4 - mndeuszEUUsnluAITLanY AUTO
5 35010G25KT fimvnsau 350 091 AATIAN 10 wen uazdiaunszlynaAugd 25 uon
6 1200 ViAudde 1200 1ns
7 R36/1200 fdon1suoafiugIgAuUMIIsinelay 36 Witdu 1,200 WAs
8 +TSRA anguinazuasvwIavin
9 FEW025CB BKN035 filus Cumulonimbus §1u 2,500 19 $1u2u 1-2 dauanitavun 8 d7u
wardiiung1u 3,500 W0 $1uau 5-7 dru nvenua 8 dau
10 25/22 9NN ity 25 °C LLaxquQﬁﬁgﬂﬂj’]ﬁ’N Wiy 22 °C
11 Q1013 mmn@mmﬂﬁ’ﬂLLﬁaadisﬁuﬁﬁmLamuﬂma Wwindu 1,013 Jaduns
12 RERA (41971 2) mNuguLsvesHuiinnlfaniidsasantnneunii
13 BECMG 3000 TSRA madilu 2 HalusdrmihasiRangauihazussuiunans addewindy
3,000 tung
A1319 3

TI8azidenAalanyy (attribute) vodayaildlunisive

Y

AENYME AB5UNY Usziandoya Ataya

W_direct AANI19aY Polynomial CLAM, VRB, N, NE, E, SE, S, SW, W, NW

W _speed ALY Polynomial CLAM, LIGHT BREEZE, MODERATE BREEZE, STRONG
BREEZE

GUST AsLinaunsElYn Binomial YES, NO

WW anneniAdagu Polynomial  NO, Light rain, Moderate Rain, Heavy Rain, TSRA,
VC Rain, Obscurations

M_Cloud wanngeufinazues  Polynomial  NO, CB, TCU

QNH AIUNADINA Polynomial Low, MSL, High

Humidity AT UG Binomial Dry, High Moisture

Visibility AUIEY Polynomial A, B, C

Uil 18 atufl 2 Useduiteu nquniau-Aanau 2567 ;?f;;??;:;;ﬂﬁﬂjﬁi%ﬁgma"%




A1919 4
TInIndeyanindlun15a3s19uUUTIaeY

na:a.l%'aa‘.lla U Training Data Set Testing Data Set
yndoya wensal 1 99lue weansal 2 4alas weansal 1 9alus weansal 2 Galus
NOTSRA TSRA  NOTSRA TSRA NOTSRA TSRA NOTSRA TSRA
Saauudunianile 364,382 258,773 2,023 258,782 2,014 102,547 1,039 102,556 1,030
AMAHonaUUY 260,676 185,667 1,531 185,659 1,539 72,653 825 72,650 828
MAwtonauans 103,706 73,106 492 73,123 475 29,894 214 29,906 202
QWIdPNTOU 1-2 AU 76,297 55348 437 55363 422 20,334 178 20,346 166
QL‘UWE’}J@NT@U 3-4 AU 288,085 203,425 1,586 203,419 1,592 82,213 861 82,210 864

2. PsaF1uuUIIaeY

2.1 msuTuyadeyaliauga

TunmAdeiiivadeyaliauga o aandliifn
WgWuiiiazuad (NO TSRA) fiTuiusnnitaalain
WgHuiazues (TSRA) waziidelidenyihnssuiuns
Wiednnsusuanaliaunavesteyaneunisdaiden
andnwae esandeyaitliaunatuinliuuudassdl
anuaaatadeulunnsFeus Tanudnuasdiidiuiy
tovenagnuesiunazligniiansanindudeddny
denadonuwiugvatuuTaadld lnguiuaiy
aunavesvayaniginalanisduilog1aiu vie
wmedn SMOTE lusuddeifldlowasines Optimize
Parameter (Grid) Faglunnsynaniimnzandiniu K
(number of nearest neighbors) Yadlsiazdanoiyia

2.2 MsAnFRNAMIN YL

TunAdeiiifodenBnmedndennadnuns
AfanuAsdostusuUsiaulauasinaudnuas
AlaiAdesoonieuthdoyaluaiauvudiass Lile
mahmdnanuiAatestusiuusitaulalagld 35
Information Gain way Chi-Square ‘ﬁagaﬂ%ﬁ’f%ﬁa
asanuudiaed 8 aaudnvae lown fienisau Anusa
au nMsiinaunselun ewide anmeiniadagiu we
mgelufinAzues ANTUEITNES wagAunADINA

2.3 MsUsuAMISTmasILNvauluwiIde

JuppUNTUSUAMINSmasinanaUseans AW
vasuuuTaadlun1seuivenses lnganauideves
Thummikarat (2020) \Rgafun1sIRaRelsANS AU

TnglfimadiansFeusveandes Iil38nsdumuuy
n3a (Grid Search) HieUSurmTfiwesfivunzay
fanuazlvlinadnsvosuuudassimunzanlaglyl
\Ann1s Over Fitting %30 Under Fitting Tusuddeil
iidulaldloeasines Optimize Parameter (Grid)
wrelumsmamisfiwesiivunrauvesdaneiiu
#LA Decision Tree Neural Networks wag Random
Forest @1u Naive Bayes lifinnsusuainisfines

2.4 N13a319UUTNRBITANDINNNINTFIY
wArdanaIuNITREUIwUUNAY

91NN 2 Lusmsasrsuuudrasadu 2 dau
fio dudi 1 N1sasekuUIIaedlagdanesiuuInsgIu
16iA Naive Bayes Decision Tree Wag Neural Networks
wavauil 2 msadrauvudrasslagdaneifiuunegiu
JfudanesfiunisiSeusuuungy laun Bagging
AdaBoost kag Random Forest LLaﬂu‘ﬁyJumuﬁﬁ]ﬂ‘i’f
%mmauawﬂwu‘lummauwaqLLuumaaa LLaviJium
wsinosvasdanesfiunuduneureunii s
5 ngu feyadagninlUinssiiieniuuudiased
wanzan Inguuusanaiignana 16 (1) Naive Bayes—NB
(2) Decision Tree--DT (3) Neural Networks--NN (4)
Naive Bayes+Bagging--NB+Bag (5) Decision Tree+
Bagging--DT+Bag (6) Neural Networks+Bagging--NN
+Bag (7) Naive Bayes+AdaBoost--NB+Ada (8)
Decision Tree+AdaBoost--DT+Ada (9) Neural
Networks+AdaBoost--NN+Ada wag (10) Random
Forest--RF
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Training-Read Excel SMOTE Upsampling NB NB+Bag NB+Ada RF
Die g8 & ouP e wesP = 'dln mod) @ exa mod e« mod (] exa mod)—"e4
) ) -
o //’ { ? arif)/ [ % eaf) = / % en' % ua. % exa res g
/ /
= tes|) / [ tes|) tes|) tes)— "5
P [ |
al per | - per]) per) perD) 1]
/Select Attributes “ Multiply ) per]) ‘ per[) per) per[)—resg
{ inp ' eukk - res g
o : = DT DT+Bag | DT+Ada “g
out)— | k> res 4
\ ‘\—d exa mod ) e aa— N mod exa mod :
* ® 7 7 ® ) L
f / tes’ D tes’ = {‘
pe D T res
per|) per

NN+Bag NN+Ada

exa % mod )] exa % mod
ex exa

tes tes

per per’

ERAAYA A AR wA - AL A &

AN 2 A1TASIILUUTI1809098 RapidMiner Studio

3. NSNABUUTERANTAINLUUIIADY
Tusifeilldnimageuussavsamuuy
9188993875 10-Fold Cross Validation lagiid1yn
Hoyavaasy Faududoyalul w.a.2564-2565 513 2
\loveasunsazuuUSaesiEnsyhauldAfuYe
Foyanlimewusnneuniel uazyhmsinuszavsam
LLUU{l”lammﬁ’]ﬁﬁ’wm Accuracy Precision Recall

kazA1 F-measure

4. N1SAALABNLUUINABINANER

9

14 1
awv Aa o A P~

lunuideliinsdniienuuuinasinangn

o (% '

dmsuwsiazngdudeya lneiansanen F-measure a4an
FsazanansninnanInaana Positive ve3uUUs1a0sdl
MULFaINNIIAIUAT Precision kag Recall vl
Usinmsvhueaanaianigiuiiinguss (TSRA Class)
18 anifufinnsandl AUC teauuudiastusazngs

G
Y

a4 A A a o
wasnslanldluniside
1. Microsoft Excel iiiednifiudaya wn3au
YA LALIATIENTOYANIUUNUNIAT 9

Y Y

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 18 avui 2 Uszdifiou wguniau-damay 2567

2. RapidMiner Studio ua3asfloftldlunis
AeneieyauazanuuUhaeuielinTmiinhue 39
flowesisnosiivanvarsvielianansauszaiana
foyavunalvgyldognenaids Sniadsdiarudanguly
N15UFUAIMISITLADTVBIUUUTIADINUATINABING
VoY uazinmsuansrateyalugUuuwuIvilvivy

lun1siesgvteyalade gy

NAN15798
1. NANISAFIUUIIAD4

1.1 wanmsusugatoyaliauna

NANTMIAT K Aangaudiniy K-Nearest
Neighbors lnan1suiugndeyaliaunanisinaila
SMOTE saeleiuaismes Optimize Parameter (Grid)
wui1 laAn K vedwsagdane3fiuvindu 1 Tuynuuy

41809
1.2 HanIsARLRNAMEN YA

NN 3 unugiianseuminnsAaLien

AENYEAETS Information Gain waz Chi-Square




WU dmuszernameinsal 1 uaz 2 daluedng
it Sduanihmtnuesaadnuaeianulndifes
fAulunn 9 uUUIaees 2 srezianensel edaals
Rnnumuin ArudnuarALTUEIIMS (humidity) way

iAuade (visibility) dAtnninasieidesiuiinys

4 I

UDNFALANANIINAMENYULDY ] 8819TALAY 39

¥ dnriaaesnndnuazdinanoon lkindeiies
6 Aadnvuriidudeyadfyidiguuudiasinns
nensalnisiinmguitazuesszesdagiu laun
Arv1gan (W_direct) Assaau (W_speed) n1siin
aunsglun (GUST) anwoniadagdu (Ww) wamng

tluiazues (M_Cloud) wagAa1unaaInia (QNH)

1.3 manmsusummsdwesivnzadlunidde

Tumideillflowewsmes Optimize Parameter
(Grid) Fadudsmspumuuunsadmummmn e’
Fmnzay Tngldamsfiweslunise 5 Tunisadns
LLUUﬁwaaq%umwialULLa:ﬁwﬁqmwuﬁ’] dwmiusvey
namensal 1 9alusdneni nansusuamnsfiees
TivinlFuuusiansiiadraduin Over Fitting n5e
Under Fitting 1iasarniiletnd1deyanaaeuudn
wuudaesdaunsaviignisiiamgnuiinzues
167 uidmsuszoznameinsel 2 $alusdnemdn 8

wdazUsuAmIimesang o udafnuLALUUIIaDs

A o = o o a '
‘VWHﬂqiﬂﬂ%ﬂ‘ﬂqmquqSﬂqiLﬂﬂW’]QNUﬂqﬂgu@Qléﬂuﬂ

B squauudunawie [ mamilenauuu

Information Gain (1 42Tu4)

M_Cloud
Ww
W_speed
QNH
GUST
W_direct
Visibility
Humidity

0 0.1 0.2 0.3 0.4 0.5

Chi-Square (1 4laq)
ww -
M_Cloud

W_speed e
QNH
W_direct §
GUST =
Humidity
Visibility

0 50000

100000 150000 200000 250000

E mawilenauae Bawn 1-2 dw B g 3-4 du

Information Gain (2 2Tua)

W_speed
wWw
M_Cloud
QNH
W_direct
GUST £
Visibility E&
Humidity §

0 0.05 0.1 0.15 0.2

Chi-Square (2 4laq)

W_speed
Ww
M_Cloud §
QNH
W_direct &=
GUST F
Visibility [
Humidity |

0 50,000 100,000 150,000 200,000

AN 3 unuiluanianninnsAnEenANaNYMeAI87s Information Gain uag Chi-Square
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A1574 5
HANITUTUAINI TR auluaIuI T8

dangsviu  wisdwes  souauuduy aawmile aawmile Qw1dausau Qw1dausau
aalle ABUUY ABUAY 1-2 gy 3-4 ¢y
loyg, 299 190 290 190 290 1gu. 298, 194, 2 9.
Decision Criterion gini_ gini_ gini_ gini_ gain_ inform_ gini_ inform  gain gini_
Tree index index index index ratio gain index  gain ratio index
Maximum 9 9 8 8 8 8 8 8 9 9
Depth
minimal leaf 2 2 2 2 2 2 2 il 2 2
size
minimal size 9 2 2 2 2 2 2 2 2 2
for split
Neural  Training 282 138 45 166 80 291 294 255 262 152
Networks Cycle
Learning 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Rate
Momentum 0.7 0.9 0.5 0.8 0.6 0.6 0.8 0.9 0.7 0.7
Random Number of 19 81 22 51 14 12 13 71 13 81
Forest Trees
Random gain gain_ gain_ gain_ gain_ gain_  inform gain gain_ gini_
Forest ratio ratio ratio ratio ratio ratio gain ratio ratio index
Maximum 7 7 12 12 10 10 12 12 8 8
Depth

2. HANISNAFBUUILRNSNINVDILUUDNADY

Han snaaeulsEansamlunisnensainig
Aemngphuihazues dwiusseznamennsel 1 92lus
F19981 waneRIm159 6 Wefiansanan Accuracy
veanyadeua wuii de1 Accuracy 110N 98% lu
yndane3iiu lnsiinannisvineeanaliifnnigau
finzuedligniesdadunaaiifiunnnittuies us
yNfaNsaaInan F-measure fianansnysdianis
N13viuIgeIna1anIsinnIeduinAzued WUl A7
F-measure gean d13u (1) nqudeyasinauiuiy
AAwmile fia Random Forest Lyifiu 76.45% (2) ng
JayaniAmilenauuu Ao Neural Networks iy
77.64% uag Neural Networks 59ufU AdaBoost
Wiy 77.64% (3) nqudeyaniamilenauans As

o o

U 18 avui 2 Uszdifiou wguniau-damay 2567

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

Neural Networks 11117U 70.69% Neural Networks
32111V Bagging t11AU 70.69% waz Neural Networks
$2uriu AdaBoost 11U 70.69% (4) naudeyaauis

'
=

Junilgudeuseu 1-2 Ay Ao Neural Networks 374

)

fiu Bagging LU 69.12% uaz (5) ngutayaauudu

PHNW1aDUTBU 3-4 AU AB Random Forest WAy

)
77.53%
Han1snaaeulsEansamlunisnensainig
Remgpuihazues dwiuszeznamennsal 2 9alus
F190t1 waneRIm1se 7 Wlefiansandn Accuracy
YeanYAdeua Wull de Accuracy 1131 98% Tu
yndane3iiu lnsinannisviueeaialidifinnige
fihazuesligniesdadunanaifinnnitdues was

LWANII5UNDINAT F-measure TIANUITOUITLANE




fansvihunevesnatanIsiianguiiavues wuin
wuusaesiivinnsanuiluadsiiiian F-measure 104
uiazyndoyailaifa 50% dufe Siliannsainne
nsinngHuiinzues dmsussesnameinsal 2

1%
(% Y U

ninfiadenduwuuiaesiidfignd miungudoyatiu

lagasunanIsAnEeNLUUTIaeIAanvasLaaz gyl

9
1%

Poyaiigniuniiaszinudnuaruiauuiuuwans
AINNTN 8 FedmTusTIzameInTal 1 92lus wuan

Pilustrmildegagneas {11 F-measure 581319 69.12-77.64% Uaga1 AUC

oo C s 5EWINN 0.8-0.9 Fednindunuudtasafiviiauled
3. Nan13AALERNLUUIIARINIATEA

[ L4

(Senawong et al., 2022) LAFINSUSTULIATNINT o

=

nsfadenLuUdnaeIiAfignaviansana 2 9l lunn o danesiiudadiuszansamnisiuneg

NIAABUUTEANSNINUBILUUTIADIIINAITIE 6 msfiamgiuinazuedlalifivingians lnefia1sanain

waz 7 LieviinsiUieulfisudn F-measure §9ga A1 F-measure 7iflA35z131 21.39-30.62% Laziile

a a

vosusaznautoya lnsursngudeyandanesiiuier  farsand AUC wuidn ilusuudiaesiifiussdnsam

o
g

ANAAEIAULUUTIABININITFINITI LU

a {

F-measure iUty §3389gR1507A7 AUC 91370

A1574 6
HANITNAAEUYSEENENINYDIUUTIABNF IS UTSeeIaINgInTal 1 Tlud

ngu Performance LUUNaa9
foya danasNuNINIgIY danasfiunsiFeuiuuungy
NB DT NN NB+Bag DT+Bag NN+Bag NB+Ada DT+Ada NN+Ada  RF
suauwdy  Accuracy 98.88 99.49 99.61 98.88  99.49  99.61  98.88  99.49  99.61  99.61
MAMID b ision 4599 9690 9731 4599 9690  97.32 4599 9690 9731  97.32
Recall 64.10 5111 6275 6410 5111 6285 6410 5111 6275  62.95
F-measure 5356 6692 7630 5356  66.92 7637 5356 6692 7630  76.45
AUC 0.884 0.856 0.888 0.884  0.856 0.851  0.859  0.758  0.886  0.888
meawde  Accuracy 98.77 9950 99.57 9878  99.50 9958  98.77 9950  99.57  99.58
Aauuy Precision 4650 9615 93.66 4694  96.13 9615 4650  96.15  93.66  95.40
Recall 66.06 5745 6630 6606 5721 5758  66.06  57.45 6630  65.33
F-measure 54.58 7193 77.64 54.88 7173 7202 5458 7193  T77.64 7755
0891 0.869 0862 0891 0873 0880 0867 0790 0831  0.89%
mewidle  Accuracy 99.07  99.67 99.68 99.07  99.67  99.68  99.07  99.67  99.68  99.67
POUAN procicion 39.42  100.00 10000 39.42  100.00 100.00  39.42  100.00  100.00  98.32
Recall 57.48 5374 5467 57.48 5374 5467  57.48 5374 5467  504.67
F-measure 46.77 6991 T70.69 4677  69.91  70.69 4677 6991  70.69  70.27
AUC 0863 0788 0.833 0863 0788  0.852 0829 0769 0859  0.840
24N Accuracy 98.87 9959 99.59 98.87  99.50 9959  98.87 9959  99.59  99.58
126y gy 3920 100.00 9895 39.20  100.00 100.00  39.20  100.00 9895  97.92
Recall 55.06 5225 5281 5506 4213 5281 5506 5225 5281  52.81
F-measure 4579  68.63 6886 4579  59.29  69.12 4579  68.63  68.86  68.61
AUC 0.864 0786 0.814 0.864 0736  0.867 0832 0761 0764  0.797
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A1519 6 (7D)

ngu Performance WUUT1809
foya daNaINUNINTFIU danasfiunlsieuiiuungy
NB DT NN  NB+Bag DT+Bag NN+Bag NB+Ada DT+Ada NN+Ada RF
QN Accuracy 98.89  99.49 99.60  98.89 99.49 99.61 98.89 99.49 99.60 99.61
346 Precision 4753  96.40 9371  47.58 96.40 96.20 47.53 96.40 93.71 96.21
Recall 65.97  52.85 6574  66.09 52.85 64.69 65.97 52.85 65.74 64.92
F-measure 5525  68.27 77.27 5532 68.27 77.36 55.25 68.27 77.27 77.53
AUC 0.890 0.864 0.867  0.889 0.864 0.898 0.851 0.767 0.893 0.895
f1919 7

KANTTNATOUUSEANENINYBILUYTIAIE IS US eesIaIne1nsal 2 $alud

ngu Performance wuudIaes
Toya JaNaINUNINTFIU danasiiunisiseuiuuungy
NB DT NN  NB+Bag DT+Bag NN+Bag NB+Ada DT+Ada NN+Ada RF
sty Accuracy 98.25 99.14 99.15 9825  99.15  99.09  98.25  99.14  99.15  99.14
MANID b igion 2115 9133 9195 2119 9349 6239 2115 9133 9195  91.81
Recall 27.96 1534 1553 28.06 1534 2029 2796 1534 1553 1524
F-measure 20.08 2627 2658 2414 2636  30.62  24.08 2627 2658  26.14
AUC 0.762 0.688 0746 0762  0.687 0746 0711  0.600 0578  0.746
mamile  Accuracy 98.09  99.04 99.04 98.09  99.04  99.05  98.09  99.04  99.04  99.04
ABuUY Precision 2334 9500 91.89 2332 9301 9504 2334 9500  91.89  93.01
Recall 30.56  16.06 16.43 3056 1606  16.18 3056 1606 1643  16.06
F-measure 2646 2748 27.87 2645 2739  27.66 2646  27.48  27.87  27.39

0.775 0.705 0.761  0.775 0.705 0.762 0.725 0.582 0.727 0.758

mewmide  Accuracy 98.62 99.40 99.40 98.61  99.40  99.40  98.62  99.40  99.40  99.40
POUENY precigion 1395 88.89 9200 13.80 100.00 8846 1395  88.89 9200  88.46
Recall 2030 11.88 1139 2030 1089 1139 2030  11.88 1139  11.39
F-measure 1653 2096 2026 1643  19.64  20.18 1653  20.96 2026  20.18
AUC 0.788 0589 0703 0704 0598 0701  0.656 0562  0.703  0.678
2 Accuracy 9836 99.28 9927 98.36  99.28  99.25 9836  99.28  99.27  99.26
L2 gy 1452 100.00 86.96 1452 9524 7600 1452 10000 86.96  80.00
Recall 21.08 10.84 1205 21.08 1205 1145 2108 1084  12.05  12.05
F-measure 1720 1957 2116 1720 21.39  19.90 1720 1957  21.16  20.94
AUC 0721 0635 0704 0717 0624 0710 0703 0554 0560  0.700

‘ o ~ NIANTIVINTUATINE DA W Te
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A1519 7 (79)

ngu Performance LUUNa09
Jaua o an o an o v ,
Y aanaiwummﬁwu aana‘mummaugwunqu
NB DT NN  NB+Bag DT+Bag NN+Bag NB+Ada DT+Ada NN+Ada RF
fan Accuracy 9821 99.11 99.11 9821  99.11  99.11 9821  99.11  99.11  99.11
34 onu Precision 2243 9324 90.73 2245 9324 9384 2243 9324  90.73  90.73
Recall 2951 1597 1586 2951 1597 1586 2951 1597 1586  15.86
F-measure 25.49  27.27 27.00 2550  27.27 2713 2549  27.27  27.00  27.00
AUC 0773 0701 0760 0773 0701 0764  0.714  0.580  0.671  0.759
71319 8
o A ° A ' & A PN
FUNANITAALADAKUYD1ADNTIANGAYDIUA S WUV AU IN T
X 4 - . o o -
Wunauudy WUUINABINANER n1InagauUsEaNsnW
Accuracy F-measure AUC
< & v v
STELIAINYINTAl 1 Y2LUeU19UN
sanauudunamile Random Forest 99.61 76.45 0.888
MAwonauuY Neural Networks 99.57 77.64 0.862
MAwonauans Neural Networks+AdaBoost 99.68 70.69 0.859
ANdeuTeY 1-2 AU Neural Networks+Bagging 99.59 69.12 0.867
QWNdOUTY 3-4 AU Random Forest 99.61 77.53 0.895
¢ 1 v £
szuzaIneInsal 2 F2luet19utin
sauuiunauile Neural Networks+Bagging 99.09 30.62 0.746
AMAmMtanauU Neural Networks 99.04 27.87 0.761
AMAmTanauans Decision Tree 99.40 20.96 0.589
WIFBUTOU 1-2 AU Decision Tree + Bagging 99.28 21.39 0.624
NW1FBUTOU 3-4 AU Decision Tree 99.11 27.27 0.701

N158AUT1ENA

SaUsvasdvosnidotl fo eamasusaiiu
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aunnduinnsansendmeinsallnetingniosing i
Ujtanuuszdraundudslideyannmsnsiatn
anwe1n1e Ansansuiudeyanuuinassnensal
Feflauuuunmamtesiuiivsamalne warlnse
TOUAINANATEUATINOINIATINAULIAISATIVBINA

Fiamaunaiuiivenwaaundy Tnssuddetiiaue
msﬁiLm’lzﬁ%’agminmmﬂmiﬁuﬁuaqaumﬁﬂuﬁuﬁ
mamionnrsesionssemassuusaluiaiangs
Uhasaunutuusiazuvislaenselagldinatianisieus
vouasouitelinisnensaliiruusiugranniy ain
nansITenudn dmsuszesnameinsal 1 $alug
FramdrdmSuiufisanauinduniamionanun
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aunduniawmilovessenelng fie lwanuiiipzues
anmeiniadagiu wazaudian lnguuudiass
Random Forest diUs¥AnEa1nn1snensain1siinmng
Wuihazuedlfivian fiesan wuudaes Random Forest
fndnmsvesmslgauliivanadulunisiune wagasy
NAN1TIIBAIENNS Vote nadndfignidonuiniign
Fadunudnuaziitisanauianainvenudnyny
999n13LAA Over Fitting U99luUT1a99 LagdInsu
szeznamensal 2 Hilusdravmuin qudnuay
Aenuddnpnniigaliuiueulneiasuudasiua
uwiazngudeya Jamnuvuitassiiszansainely
mMsnensainsiamguiinnzues Ssdenadeariy
NAN15398994 Srithagon et al. (2021) Fnu3n wuu
$raesfianuusiudianiessernameinsaiuiuiu
awainngateyadninliannsaadaguiuuns
Bousfigndedliiunuuuiasdld oraidewnednums
pliomadssnalveiiegluaniounazarsusznay
MNQQ‘QEJ&J?N]EJ’IL‘UgEJ‘L!LLlJa\ﬁ’mL%’JLLUUI&@EULLUU
wiuau damalinisainnisalanineiniealmtnly
szoznameInssl 2 Falusdanausiudosas uay
Tusuideinsyadoyarammaduy 5 ndudoyanu
youmLardn v iufivesau iy wui wuudiaes
Anfigauesusiazngudoyalvidanuusiudiunnsng
fufsadnositu lensdonuuuiaeslaluly
Uselomituiuag fuingusvasdvosflda wu ns

a a a

WWonlioanasyiy Random Forest aiusy@nsan

= o

nsPwunffiganadmsunnnaunuiauindy @9

A1 AUC TndiAgefufuuuudnaosiinfigaluudazngs
Toyalusziuiisonsuld uazdianudilunisuszana
HagenINIslddanasiiu Neural Networks wavan
Aean1sUsEAnSnngeandmsunensainisiianig
Hufinazuosszaragiuresusaziiuil asdenld
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Abstract

This research aims to develop and increase the efficiency of a system for analyzing electrical and mechanical
failures of cameras by using the method of creating a flow chart of the system for analyzing camera
malfunctions and creating a website to manage the database system. The proposed method is used
to solve the problem of the lack of a systematic process for analyzing or inspecting camera failures,
resulting in a delay in analyzing camera failures. The flowchart design of the system for analyzing
camera failures divides them into two types: electrical failures and mechanical failures. The data
collection method for the total number of cameras with defects is compared with the number of
cameras and the time required to analyze the cameras after using the developed system flowchart.
The results of the study found that after using the proposed system, the number of cameras that
can analyze electrical camera failures increased by 25.15 percent, and the time required for analysis
was reduced by 36 minutes per failure analysis of a camera body. The number of cameras that can
analyze mechanical camera failures increased by 26.52 percent, and the analysis time was reduced
by 20 minutes per camera failure diagnosis. The results of the numbers were checked again using the
numbers that were forwarded to other departments as well. It can be seen that using the flowchart
for analyzing camera failures presented can increase the number of camera failures analyzed. It can

also reduce the time it takes to analyze the camera’s condition.

Keyword: working systems, flowcharts, analysis systems
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Abstract

Energy management planning is significant for office buildings. Air conditioning accounts for most of
the energy consumption in office buildings. Therefore, the building frame plays a critical role in reducing the
load on the air conditioning system. This research aims to evaluate the energy improvement measures
of the building frame in office buildings. They’re using the Bang Mae Nang Municipality Office Building
in Nonthaburi Province as a case study site. This study utilized energy simulation techniques in the
Open Studio and Energy Plus programs. Simulated 20 building framework renovation measures and
analyzed the investment returns and economic feasibility. The study found that efforts to change
6 mm thick clear glass to 6 mm thick Low-E glass with B4100 film and add Stay Cool 150 mm thick
(M18) have the highest energy-saving potential. With an energy use index of 158.66 kWh/(m”Year),
followed by measures to change 6 mm thick clear glass to 6 mm thick glazing glass with B4100 film
and add Stay Cool 150 mm thick (M19) and steps to change 6 mm thick clear glass. It is a 6 mm thick
Solar Tag glass with B4100 film and 150 mm thick Stay Cool added (M20) with an energy use index of
159.00 kWh/(m2Year) and 159.35 kWh/(m?Year) respectively. Economic analysis found that possible
measures for investment at the end of the project had the highest NPV: the measure to install insulation on
the building walls, 65 mm thick, and install B4100 (M9) film, equal to 282,957.79 baht with a payback
period of 19.59 years, and the measure to change 6 mm thick clear glass to glass. Low-E, 6 mm thick,
applied with B4100 film and added to Stay Cool, 150 mm thick (M18), can still reduce the amount
of carbon dioxide up to 7,855.95 kgCOZe/year if energy and investment returns are considered. Researchers
found that installing insulation 65 mm thick on building walls and adding B4100 (M9) film were the
most effective measures among all options. Applying the results and methods of this research can
improve the energy efficiency of building frames for other office buildings.

Keywords: energy management, carbon dioxide emissions, building energy simulation, energy renovation
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[
a o

Frewmivhlinuideiatiuiiorasussan
dinauveaniasy nenisidenldianniauazian
nruesenAsTiimuanavansuavansam el
feluviomantiagiuieiouiounslindsemlu
msdenltiansiudnmsinsevnsamu lunsiasen
ANTIOULAIUNGIUVDID1AIT AN ITLUUT 1804
W&99I1U OpenStudio Wag EnergyPlus ¥11N19531809
mslindaany Fesnnslduvuiaemdsnilueiaisdi
wthelumssinduladunuin Wuisnfeildiuega
n¥neve Bnvidlutlagiiu OpenStudio wax EnergyPlus
fohithuuudaemdamiluenasiitedlflunsusaiu
o1msuasiiiaugndesiivensuldgs (Yimprayoon,
Mungkung, Takkanon & Intrachooto, 2020)

o/

ngUIEaIANITIdY

1. iledrasinislindsaiuvesenans uaz
Wisuiigunislindsnu nsdlfnwieiarsddnau
WAL T TauUNY3

2. WleUsEfiunInsNINNsUTUUTINE sy
YDINTOUDIAITHALIATIZVNITAMNUNTAANIBIAS
AdnnumAUIaEBIUIHEN JMIAUUNYS
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wurAangufiiendas
n1sdnaesnasulueiA1s OpenStudio tag
EnergyPlus 2zA1nTIEwasulag EnergyPlus Tu
anwzYed Physical Model Inglaauni1snieniunig
fneweNSeuLAzINATE eI AUAMINSDLTOU
F191015 B EnergyPlus ﬁuLfJu Simulation Engine
ﬁiﬁi’fmiﬂ"ﬂmmuuﬁugmﬁumamammﬁyau VT
OpenStudio fudulusunsudssnm API--Application
Programming Interface ﬁiﬁiﬂumﬁﬂmaﬁﬁ'ayjaﬁum
wiAEAILUT TaLANIPIUANTILDINTA LU QN
AT AEaan uardidasenfinglaliyataya
o33 Ianganne teyansldlniivesgunsaisng 1
19291nA159181593 N15911 Energy Audit Larnsiain
ngunsalfilinudmiuiuudiasmasu Energy
Plus T¥msduwamdnnisanganuiou de5auds
aunanufouiiuia aumamnufeuluenia uay
N139189455UU81AT5 1ENISAIINELAAAIINSOY
wansliluaunisd (1-a) (Kampelis et al., 2020)

Q"sot T 4 twr + Q" conv — 4" ko = 0(1)

d' q" A v
[58)3) xsol AP iﬂﬁLLa\?aqumﬁl‘V]ﬂﬂéﬁUIﬂﬂmﬁﬂLLag

oY

AEERRE (mmm’mauau) LaENanAINNSIU

q"Lwr e msuanBsunanmsussed
AMuETIARUAYS (rudew) AusnFuazanLandDY

q" conv Ao MauaniUFeundnmsuiieuiy
9INIFAAIBUDN

q" ko Ao ANTtAuSau (g/A) drils

Tneft 4" xsol TaSudnEnasndauUseng q
WU AU mmm‘ﬁuﬁma AMULDYY TaRHILAY
anmenie waz g LWR mmwumimmmaﬂ
WasuSdsywinaituinfuiiufu

" _ 4
q Lwr = gGFgad(Tgnd - Tsurf) (2)

+80Fsky(Tsky uft)
+eaFalr(Tw Tsurf*)

Lllé] &R AD miﬂaaaﬂaumwaﬂwum
a.de mﬂwl Stefan-Boltzmann

Fy

1% v
a

aq e Uadevasiuiondaiugumgiiuianusiu
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ky @i Jaduvesiuianilaiugungiivevinsiii

Y

.FS

Fair fio Yadevesiiuiintiregumgiionnis

Ty A0 goungiiiuianisuen

Tgaq o gaumgiiiuiianu
Tgky fi0 gaungiiviosii

Tair 0 9UNNUBIDINTA

Y

Tair) (3)

dl " & o i v
Ll® q conv Ao E)G]i’]ﬂ’]ﬁﬂ’]&JLVIﬂ’ﬂﬁJiE]uIﬂEJﬂﬁWﬂ

q"conv = hc,extA(Tsurf -

AUSDUNBUBN
h ext ﬂa AduUsEansnswIALSauEuen
A #p Wu‘wm

v

Tsupp A9 QUNINUNRT

Y

T,ir P9 2umQiieINT1AnI8UeN

Y

=Z OXTot -j& — Z

o q ko (t) fo WandanuFeuinlnirdwmsudu
naunadagiu

q" ko (t) 0 YiTit—js()

Y

T o gaunqdl
Ty Ao gauniivetedusznauneluedeinng

u
a

T; fio 9ounilvedodAusznaunIeuanueia1ns
I Ao psrUsznaungluveseInns

0 fo 83AUTENBUANYUDNVDIBIATS

X, Y Ao Uadunouauss

nsianInsianasulaldinUsauandn
vosTanuariuUsdu 4 vesernsnsdinunirdeyain
Fmssaesmamdnuiionnsldned vhnsdieu
Weuamdnuiildainnisasainasaiieliasizi
ANITIB ISR UTIADINEIL I TUTUYTe
N50UDIANTAIURTIUAT NS IR 20 WIATANST
WisuieumEInssTiATigasunIsannnszAIL
Foungons annisenslindanuliivesssuy
HVAC--Heating Ventilation and Air-conditioning
Systems wazwunnisluiiasiginisamulile
manudululdvssuinsnisineldnansuununns
amuagglunsiesgilenauazaudulyle
vadlasansiaiigaluszezioan 40 U (Rittidatch,
Phdungsilp & Vorarat, 2021)




Tunsfnwenudululfifeamulasansi
UBNAINNITIAATIERANUIAINTTY WAENTAATIENING
suaswgmansimnssufiieitosiunaneuimuan
nsaamu BelunsUsiiunanauLNLIINNNTAN YRS
TAssns ¥ldyarniagiugys (Net Present Value--NPV)
dnsmanauuwnuniely (Internal rate of return—IRR)
WAzITYLLIA1AUU (Payback Period--PBP) uandli
Tuaunsi (5-7) (Rittidatch, Vorarat & Phdungsilp,
2023)

Tneyartlagtiugysiazldsunasnszeyioa
193lA5aN15TiN1sAILIAsITIdIuanfiaInI19sLAn
FulneUszananisandnsinenttevedsuInng o
aun1si (5)

n il (Bt—ct
Z ; ( )

NPV = =1 @+nt

Bt f9 wanauunulud t (un)

Ct fo srumnulud t (um)

r feo dns1diuan (Wosdud)

n #e snnuliauvedasins @)

dnsmanauuwnunigly (Internal Rate of
Return—IRR) 1unismuiamdnsmanauunudiaz
I§suannsamululasanis msdumen IRR 1
IxuANESTU NPV fienaesfauds r 1ae IRR A1 r 93
gnunusesasAnanuIodunuvesiu Feilgnsnis

o U dl
ANUIUAIAUNITN (6)

F1 CF2 . CFn
(1+1)2 (1+r)n (6)

C
IRR = Gt

\lo
CF fe Anszuatuangnidmivudazl
R F9 §951ANAR 1138 AUYUTDIIUNU
N #o srnulvomedldlunisdiume
IRR nsfantufsluusasUfigninunfiatsan

SegnaAuYU (Payback Period—-PBP) {uns
fsanlassnmsamuainyafuyuilidlufuszey
nanagldsuussloviannisamudu Ingliddsds
Bosyanveaiumuszezatnifeides s

WERSN AN ST EEIAAUULARIauN 1N (7)

a o way '
Ruaundilildfununnateu

PBP = shwnuneneudunu + —
! nazuaiuaniiatuludnaunu

nsAuansUaseiiga1susulaneanles
Wisuszifiunalsslovinisduindsunazyily
aszdmLuInmiounsnsiiieannisuaesfine
Arsveulnoanles lagldan Emission Factor winiu
0.5986 kgCOZe/year Faduradevosniswdnliiily
Uszwalnglut) w.el. 2566 (Greenhouse Gas Management
Organization, 2023) @1usaduadldseaunisd (8)

CO, Emissions = ER*0.5986 (kgCO e/year) (8)

Taeft ER Ao USunamdseulnidildannszuunan
naUlAN (kwh)

5AUUNITIY

TueAdod I@lduuuasmdenulueiais
OpenStudio Uag EnergyPlus vin1s@nwinisusulse
NEIUVDINTBUDIATT LABNITTIVTINT YA
AMeAMYeseAsNIElRnYY Wy Huiildasseinis
Payan1slndanulnirlueins vandaldenns
F1uugldenans gunsaluaziadedliludirlueinis
\Judu Tasusiazfuusgndeudianil OpenStudio
waagnaslumuunislindsnulay EnergyPlus lu
fnwadgvad Physical Model lagldaunisnisaiu
§18MANLS DURAZIIATE NI 1981ANS U IINd B
FOUAIB1ANT AN 1 IAUUKNUNIIEAITNNUITEAY
U38N0UAIENITIIUTINTBYANNNIENINYDIBIATS
nsdifnw 1uenesgs 4 du Fanw 2 (n) i
Iapeusvanay 1,920.00 m2 wil491A15vRIeian
Masonry Wall uagGlass Wall diuvemadsaldian
Metal Sheet w1 4 mm uazuuuslauvesiiuiinmely
91A15 A9 2 () Imeerasinsiandsnulninaed
971 317,757.11 kWh (§1989andeyanislindaauy
Wi we. 2565) dnvaznsidaesiuiidueinis
Usztandtinau wagdayanie 9 ¥8981A1INSAANK
Tauanalinamisie 1
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TuruAtedlfiaueinnsnisusudsansen
o1msludusiauagndaniianansaguuuusnngns
wszgndltlanss ngldmeadanisusvaudfivesan
waruInNIIUTeINTOUDIAsUNITluNSUSUUTINTY
wazvdsavesenasiikasen1sUsendandsnu tng
N3350 TNALTRFIIMUTINIANUSOUTBINTOUDIANT
fidsmanonsindanusuandliluns 2 deldada
p1stuluguuu 3 GAlaeldTusunsy SketchUp &
A 3 (1) uddedoyaniangninuazaudinieag
SouvaddiuUsine 9 W1 OpenStudio wietluly
EnergyPlus Y1NNSAIUIN AININ 3 (1) NITASIUUY
Fraedlilitoyamindsaudiinetomesiiuusms
ANuFouLeI91ANT MNTIENTTaRuAasUsLANTT
wldlunsusuuss Taeansne 2 lauansdn Thermal
Conductivity Density Specific Heat Solar Heat Gain
Coefficient--SHGC wagTransmittance Y843@A#4 il
mmm’mmuﬂﬂuuwmam TneSasdruoafiui
wirnsneuenfiufuiiuiindweseins (WWR)
Iuanalifsnnsng 1 wudnd WWR snnlgnazegi

Building stock modeling
physical modeling Model validation

Collect building
information

3D building energy modeling ;

|

|

Model input SketchUp OpenStudio |
|

Analysis of interventions
. . Reference
Policy assumptions building model
Baseline energy modeling ‘
Analyze investment Final selection of the
returns alternative

AN 1 WEURIUIFYNSAN®I81ANSEI TN UNAUIALT DIV LU

Interventions

, NINTIVINTURTINEFUD AT uede
atuinemansuavinalulad

a

U 18 avui 2 Uszdifiou wguniau-damay 2567

Amilo (N) Wiy 1.006 Inefifiald (S) fsnsidu

=)

3

a

‘Sl 44 a1 1 o a o U
uwuawﬁmmmmm‘u 0.194 NANLIUDBNLLATYANEIU
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9
]

AnTlensduuivinfullawindu 0.276 1iesan
91A158JURUUINTY wazSeuiguAnasalui
av v ° Y o g Y a a
Algannkuuinasanuamaaaulninlgase lnedlen
ANUPaTIALAReURgausUla bl 5%

1195n15UFUUTINEIUNTAURIANINTAIAN YD

TusuAdeildinsdnauesuuuuannanis
Ufudssonansifionisuszudandasnudiuiu 20
11930713 laeiin1sesizidiuls audfniuainuy
FourasnseusInsnsdiny wazanudululaly
n1591803n15lEnaNULaN15U TR manslily
9197 3 Mntudsianesmsfidenturinisdaesnis
Tondanulaeldfudsvesusaziingnis SIuduand
Sruauiiufivewids Mufindsan a1 faguasaius s
afaniuiinsiumaandidnaiuuleuisuay
gNEMEANTNITA LagnUTInindnuazdndiming
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A1) AMNBIANSNSUANE ) wuukvauiunnielusiang

AN 2 MNLATLUULUAUBIAIAI9E1NNIAANYI81ANTENUNAUIALEDIUNIRLUNY

‘ g s oo N < | S5YC
: i
ml = OpenStudio Results
l - Model Summary
v
= o —
a S e
[T ] g e e e e e
Z — :
B
(1 5!
-
3 | rrae e
) WUUIIADIDIANT ) N13A18DINAIUNIY OpenStudio Lag EnergyPlus

AN 3 LUUT1809971AITHAZNITTIA0INGIIUNIU OpenStudio wag EnergyPlus

71919 1
T0ya9177157206/790581ANYI9IAITAIINIIUNAYIATBIU UL

JaYao1A13 p1a1saunumAvIalasudung

Yialdonans W.A. 2558

Huildaon (m?) 1,920

fuTiuuenia (m?) 1,104

Nuitlsivsuenia (m?) 816

w&auliiald (kwh/Year) 317,757.11

w7l kwh/(m2vear) 165.50

nawdalderans (hr/day) 9

Window-to-Wall Ratio (WWR) Arntle Nefls Nrngiuoen  NFRzIUAN
(N) (S) (E) (W)

1.006 0.194 0.276 0.276
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f1579 2
Toyae NM9IauUATING WA UFIYTNIIAINTOUDINITNTEIRANY)

318115350 A1 Thermal @1 Density @1 Specific A A1 Transmittance
Conductivity  (kg/m?) Heat SHGC
(W/m?*K) (kJ/kgoC)

1. wilanedguegy AUy U1 75 mm 1.10 1,700 0.79 - -
2. nszanld “u1 6 mm - - - 0.72 0.846
3. AUIUAUAIINTOU U 65 mm 0.035 24 0.96 - -
4. wilaldl (Wooden wall) w1 75 mm 0.13 500 1.61 - -

5. n5¢9n Low-E 11U1 6 mm - - - 0.55 0.696
6. N3¥3N Double Glazing %11 6 mm - : : 1.11 0.078
7. n3%3n Solar Tag U1 6 mm - - - 0.41 0.324
8. Wdw B4100 - - - 0.29 0.128
9. auUMAIA1 Stay Cool U1 75 mm 0.036 12 0.96 - -
10. 2UUMEIAN Stay Cool #1150 mm 0.042 12 0.96 - -
A1519 3

1IMINTUTUUI9IAIONITUTENEANAI971

U1m3N15 (Measures)

M1 AARuIufiTi91A15 ¥ 65 mm

M2 Wasunsnedgueniamueliifuntsls! (Wooden wall) #un 75 mm

M3 Wasunszanla w1 6 mm unszan Low-E u 6 mm

M4 Wasunszanla wun 6 mm 1WJunszan Double Glazing 111 6 mm

M5 Wasunszanla w1 6 mm tdunszan Solar Tag U1 6 mm

M6 fafldy BA100 finszanitennns

M7 finauIuMaIAT Stay Cool w1 75 mm

M8 finauIunadnl Stay Cool W1 150 mm

M9 AaRuIufiniie1A1s w1 65 mm uasRnfldy B4100

M10 Wasunszanla w1 6 mm WJunszan Low-E i1 6 mm wazfafldu B4100

M11 Wasunszanla w1 6 mm Hunszan Double Glazing 1111 6 mm wasfnfidy B4100

M12 Wasunszanla w1 6 mm unszan Solar Tag ww1 6 mm uazRnfidy B4100

M13 AARuILTNTI01A15 WU 65 mm Aafldy BA100 wawiiia Stay Cool 1917 75 mm

M14d Wasunszanla ww1 6 mm 1unszan Low-E w1 6 mm Aeflay BA100 waziiiy Stay Cool %1u1 75 mm

M15 Wasunszanla w1 6 mm 1Junszan Double Glazing 11 6 mm fa¥lau B4100 WAy Stay Cool
U1 75 mm
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A1519 3 (79)

U1m3N15 (Measures)

M16 Wasunsyanta v 6 mm Hunsyan Solar Tag ¥W1 6 mm @AnTiau B4100 wazLiy Stay Cool U1 75 mm

M17 APRUILTINTI91A159UY 65 mm AnTldy B4100 wawiiia Stay Cool i1 150 mm

M18 Wasunszanld wun 6 mm Wunszan Low-E w1 6 mm Anfldy B4100 wagiiiy Stay Cool 4141 150 mm

M19 \Wasunszanla w1 6 mm 1dunszan Double Glazing 1 6 mm faflau B4100 wazLiiy Stay Cool
MNU1 150 mm

M20 Wasunszanla wwr 6 mm WJunszan Solar Tag U1 6 mm AaTldy BA100 waziiiy Stay Cool %
150 mm

M19519 4

SIMVIFYUINA N UNINTNITUTUY§9nT0U8IATT

¥

3189N15780) Fruruiudl 51 1A1THRUAZAILI
(m?) (Baht/m?)

1. nilsnedgueny 21UYu ¥ 75 mm 1,058.92 530.00

2. nszanld wur 6 mm 400.28 251.87

3. AUIUAUAINTOU WUT 65 mm 1,058.92 352.08

4. wilalal (Wooden wall) #u1 75 mm 1,058.92 2,219.10

5. 19230 Low-E ¥u1 6 mm 400.28 3,358.34

6. N323n Double Glazing %u1 6 mm 400.28 3,498.27

7. n323n Solar Tag U1 6 mm 400.28 2,168.93

8. Wdw B4100 400.28 861.11

9. auIUMAIAT Stay Cool U1 75 mm 480.00 210.41

10. 2UIUNAIAT Stay Cool ¥ 150 mm 480.00 268.74

NAN15798

dlolfuuusiassuwuureseInsnsaiin
wavhnsifiueuannsalunmsiostunudou Faay
Prelrannsinasuanseuulsuonidadla naan
n39naeInasUlagly OpenStudio wagEnergyPlus
¥N1531809n15U5UU59N58UB1ANT 20 WIATNNT
WUIIAINITIIWANU (energy use) VOIDIAITNT
Anwddnanumauiaiounuiung Jamiauunys
riounnsUsuUTIagTl 165.50 kWh/(m?Year) wagslen

AMUAAINLARDY 0.77% Lilatsunuatnasaulun
39BIDIANSNTUANET 1NNITINABINT INANTUNS
20 4IASNNT BPHANISANYITIEIUTALAANINITHUS B

= 1 U % U %
WigUA1 Energy Use nouuagnaan1susulsanauand
1Aluns19 5

HARINNSS1803 (Fa951 5) Wurh anesmsTine
amms’[ﬁwé’mumnﬁqm f9 WMIN1S M18 §if Energy
Use ol 158.66 kWh/(m?Year) sesunie 11nsnns
M19 §i¢ Energy Use a8l 159.00 kWh/(m?Year) ua
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M20 &A1 Energy Use a&\jﬁl 159.35 kWh/(m?Year)
audsu Tudruninsnisfiannisldndsanulddes
flanfeunsnis M1 (164.98 kWh/(m?Year)) uay
M7 (164.98 kWh/(m*Year)) s09a3nfe M8 (164.77
kWh/(m?Year)) wag M6 (163.81 kWh/(m?Year)) a1l
10U

msesginsamuiiemanudulylsly
N5 ULAazanTNIsiagldHana uLNUNITam UL

Frensrzilanianazanudulilsvedasinisia

=

Nanluszezian 40 ¥ (msudmueongldanunas
U 1 4‘ a U 6 =Y 1 1

Fns1ANERUTIANFUNTNGD139) IneAna W ulae
ag 7 U (Aaanlutasaaliilianease) wagldsns
Anant 5% nvayanisasuliuasuianniluas
wasnn wazaudululdlunisuiuusamdenuves
ATBUDIAITNULN TLNBY 6 UINTNNTYIUY (FIRN514

6) MAunuAeluszeziian 40 U

NTYAtUAITIN 6 U1 WANITIATIER
PR HARDULTIUNITAUIATNIIT 6 11ATN1T
NARBULNLNNTANUYBIIATANTA MO M13 M20
M6 M8 uaz M7 ileduaalasanisian (NPV) il
282,957.79 v 230,361.96 v 75,740.03 v
45,480.31 UM 39,663.52 UM Wag 19,584.05 U
AwadU Feilszeznanunu (PBP) 71 19.59 T 22.70
U 34271 29.08 U 21.89 U uag 25.99 U maey

1319 5

Iuﬂﬂiﬂ%UU?QWTSN’IWUE]QﬂiE]UEJ’lﬂ’liii;u{]Eg‘M’l
m9nsdunagnsiaIsannsasmuiudsddn
ﬁzumsﬂi"wqaﬂsauaflmsmﬁu Tun1susuugeens
finsanuulgsldifssunsnasmsiidu el
AsENUAUNTOURIANSIAN WU nTiiisauIufuAIY
Youitnils nsidsunszan nsfnildy Wudu wn
Fmswasuntieaslmiimuaadedidudszane
SununnuazdesinstuluuiievesygnUsUUTs
FaduBesiideutragsen

nsAuIunIsUassiiga1sueulaeenlys
diedsziliunauselovinisdanindonnazily
FAs1gHMIRUINISeu1nsNsifieann1sUdane
fgasvaulaoanlys naa1NNITIIAa0INUIINITAR
Usununisudesinsasueulasenleduiniianie
11A5N15 M18 dle1 7,855.95 keCO e/year 5898941
Aeumsns M19 A0 7,465.25 keCO e/year uae
M20 dlein 7,064.77 keCO e/year mwawiv ludu
uasnsianUsunanisudesfieansvenlneenles
ﬁaaﬁqmﬁammmi M1 dlein 592.31 kgCO e/year
599ADLIATNIS M7 A1 600.93 kgCO e/year
way M8 fAn 840.53 kgCO e/year AUEGIU AILARS
13 lupse 7

uananITIUSYULTgUA Energy Use NowlasnainIsusuyss

UININIT nsldwdeundeliulse msldndenundeliule nsusEndandenu (%)
(energy use) kWh/Year (energy use) kWh/(m?®Year)
M1 316,767.62 164.98 0.31
M2 313,934.16 163.51 1.20
M3 312,418.30 162.72 1.68
M4 313,072.64 163.06 1.47
M5 313,368.50 163.21 1.38
M6 314,508.80 163.81 1.02
M7 316,753.22 164.98 0.32
M8 316,352.95 164.77 0.44
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A1519 5 (79)

UININS nsldnasaunasliulse nsldnwasaunasUulse N1UTENIANAIIIY
(energy use) kWh/Year  (energy use) kWh/(m?Year) (%)
M9 309,427.76 161.16 2.62
M10 308,084.99 160.46 3.04
M11 308,508.35 160.68 291
M12 308,761.92 160.81 2.83
M13 309,024.80 160.95 2.75
M14 306,871.64 159.83 3.43
M15 307,756.68 160.29 3.15
M16 307,219.45 160.01 3.32
M17 311,110.97 162.04 2.09
M18 304,633.23 158.66 4.13
M19 305,285.93 159.00 3.92
M20 305,954.96 159.35 3.71
A1379 6
F’hﬁ?@‘l./él%ﬂﬁ’)iﬂ\ﬁﬁ]u 20 4193077
IAINTT Ruasnu (Um) A1 NPV (u) A1 IRR (%) A1 PBP (V)
M1 372,824.55 - 253,973.34 - 6.07 viu 40 U
M2 2,349,849.37 - 1,890,661.07 - 8.00 Wiu 40 U
M3 1,344,275.05 -703,011.34 -4.26 Wi 40 U
M4 1,400,286.51 - 837,617.94 - 5.06 AW 40 U
M5 868,177.64 - 341,045.87 -3.03 bW 40 U
M6 344,865.91 45,480.31 0.90 29.08
M7 100,996.80 19,584.05 1.30 25.99
M8 128,995.20 39,663.52 2.03 21.89
M9 717,510.46 282,957.79 2.58 19.59
M10 1,688,960.97 - 527,207.77 -2.35 \iw 40 U
M11 1,744,972.43 - 634,070.53 -2.78 \iw 40 U
M12 1,212,863.55 -132,418.86 -0.78 bW 40 U
M13 818,507.26 230,361.96 1.87 22.70
M14 1,789,957.77 -482,464.73 - 2.00 Wiu 40 U
M15 1,845,969.23 - 644,781.53 - 2.66 Wi 40 U
1,313,860.35 - 48,144.03 -0.26 bW 40 U
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A1519 6 (7D)

UININTT Ruasmu (V) A1 NPV (u1m) A1 IRR (%) A1 PBP (¥)
M17 846,505.66 - 48,213.83 -0.40 \iu 40 U
M18 1,817,956.17 - 241,599.63 -0.95 i a0 ¥
M19 1,873,967.63 - 376,009.24 - 1.46 Wi a0 ¥
M20 1,341,858.75 75,740.03 0.39 34.27
A1519 7
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(energy use) kWh/(Year) (kgCo e/year) (energy use) kWh/(Year) CO_ (kgCo e/year)

M1 316,767.62 189,617.10 989.49 592.31

M2 313,934.16 187,920.99 3,822.95 2,288.42
M3 312,418.30 187,013.59 5,338.81 3,195.81
Ma 313,072.64 187,405.28 4,684.47 2,804.12
M5 313,368.50 187,582.38 4,388.61 2,627.02
M6 314,508.80 188,264.97 3,248.31 1,944.44
M7 316,753.22 189,608.48 1,003.89 600.93

M8 316,352.95 189,368.88 1,404.16 840.53

M9 309,427.76 185,223.46 8,329.35 4,985.95
M10 308,084.99 184,419.68 9,672.12 5,789.73
M11 308,508.35 184,673.10 9,248.76 5,536.31
M12 308,761.92 184,824.89 8,995.19 5,384.52
M13 309,024.80 184,982.25 8,732.31 5,227.16
M14 306,871.64 183,693.36 10,885.47 6,516.04
M15 307,756.68 184,223.15 10,000.43 5,986.26
M16 307,219.45 183,901.56 10,537.66 6,307.84
M17 311,110.97 186,231.03 6,646.14 3,978.38
M18 304,633.23 182,353.45 13,123.88 7,855.95
M19 305,285.93 182,744.16 12,471.18 7,465.25
M20 305,954.96 183,144.64 11,802.15 7,064.77
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Abstract

The purpose of this research is to study the medicines used to treat exanthematous fever and to
explain the results of using medicine according to the theory of traditional Thai medicine. This is a
qualitative research study. By studying documents and conducting in-depth interviews with 7 experts:
Thai medicine, folk healers, and modern medical personnel. The results of the research found that
there are seven medicines used to treat exanthematous fever that appear in the main textbooks of
Thai traditional medicine, consisting of the Kratungpid group: Yaharak, the Preakai group: Yapreakai,
and the fourth of external skin medicine, the Krobkai group: Yakrobkaitaksila. As for the 7 experts,
they have used 25 medicines to treat patients: Andrographis paniculata, Yaharak, Yakhieaw Hom,
Yafon, Yatangpid, Chanthalila, Prasachandaene, Prasaphrua Yai, apply medicine, laxative medicine,
spray medicine, Amrukawatee, Prasamawaeng, Lemon mixed with honey and salt, ginger juice, Chantaharuthai,
Kromnangnon, element-adjusting medicine, Yahom Nawakoth, Yahom Thiposot, Yahom Inthachak,
Yatatbanchob, Yahomthepchit, and Triphala. The duration of treatment depends on the progression
of the disease. If symptoms are initially showing for no more than 3-7 days, it may take 7-14 days
for treatment. But if symptoms continue for longer than 7-14 days, it may take no less than 30 days.
And from the principle “Kratungpid Hai Sin” causes the clarity of the treatment pattern at 4 levels: 1.
Kratungpid Sin during the Pitta Samutthana; 2. Kratungpid Sin during the Vata Samuddhana or Semha
Samuddhana 3. Kratungpid Sin during the Pattavee Samuddhana; and 4. cannot Kratungpid Sin during the
Pattavee Samuddhana. This study will be useful for understanding, knowledge transfer, and further

application in treating patients.

Keywords: Exanthematous fever, Kratungpid, Taksila Scripture, Yaharak
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Abstract

The objectives of this research were: (1) to study the present playground layout; (2) to analyze the
relationship among playground equipment; and 3) to propose ways to improve the location of playground
equipment. This research collected data from a case study, which was a primary school. Collected
data were the current area of the playground, the number of playground equipment types, the distance
between playground equipment, and a photograph of the playground. Then, the relationship diagram
used in industrial engineering was applied to analyze the locations of playground equipment and
other components. Then, the area of each piece of playground equipment was computed using the
principle of safety in the playground. Then, ways to improve playground layout were proposed. The
results showed that the area of the L-shaped playground was 234.09 m2. Playground equipment included
5 sets of swings, 4 sets of slides, 2 sets of seesaws, 3 sets of train-shape bars, 1 set of curves climbing
frames, and ground. After using the relationship diagram, it was found that most relationships between
playground equipment with moveable components such as swings and seesaws and other equipment
were X-level. This means that swings and seesaws should not be placed close to other playground
equipment. To improve playground layout, the distance between the swing or seesaw and another
playground equipment should be at least 1.8 m. Furthermore, a tree-free environment within the

playground area is suggested to prevent getting stumbled upon by a tree root or slammed into a tree.

Keywords: relationship diagram, layout, children playground design
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Abstract

This research aims to study and compare the performance of solar photovoltaics based on electrical
generation systems installed on grounding and floating types for agricultural irrigation systems. The
kratom farm was used as a case study, which was extensively grown in the farmers’ farms in Rahaeng
subdistrict, Lat Lum Kaeo district, Pathum Thani province. The proposed method begins with determining the
appropriate size of the water pump motor for irrigating water to a quantity of 80 kratoms. Subsequently, the
solar panel size for generating electricity to power the water pump motor was calculated, resulting
in the installation of four solar panels with a maximum capacity of 340 watts each. Two panels were
installed on the ridge, and two were floating in the furrow, jointly supplying electricity to the 910-watt
centrifugal water pump motor. The experimental results showed that the average electrical output
from the floating solar panels in the furrow was higher than that from the panels installed on the
ground by 5.17%. Furthermore, through an economic engineering analysis comparison, it was found
that installing only the solar panels on the ridge already had a net present value and the benefit-
cost ratio higher than for the floating solar panels in the furrow, amounting to 4,709.13 baht and 0.33

times, respectively. Moreover, the payback period was shorter, at 1 year and 7 months.

Keywords: solar photovoltaic, water pump motor, kratom
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21 0.29 3,055.03 898.65 2,902.97 853.92 3,075.93 904.80
22 0.28 3,025.94 839.71 2,875.32 797.92 3,046.63 845.46
23 0.26 2,996.84 784.56 2,847.68 745.51 3,017.34 789.93
24 0.25 2,967.75 732.97 2,820.03 696.49 2,988.04 737.98
25 0.23 2,938.65 684.70 2,792.38 650.62 2,958.75 689.38
NPV (u) 15,808.04 17,591.90 12,882.77
B/C Ratio (t411) 1.58 1.75 1.42
Payback @) 7.51 6.77 8.34

FRunERAeE sourA: Vol. 18 No. 2 May-August 2024

Science and Technology




YDLEAUBBULY

1. MspenuUUsTUURAR T nwaaLasenTing
dwduieliuamesieiesguiilunsidundedidunsd
Anundndunseviondseninsalihasituaefinddn
1§ ailmsthssvuiluvsegnadldfufiveiingu q aas
fasanannanumnzanvesnistiinfivedaty

NBU

v
Y o a

2. M liszuumuaumstmhfiduiuy
dnluliinuszuuasedngleledl (IoT) agaeling
AuAuLazAnauranisliiRsiiseAnsamunn
G

e

AnRNIsuUIENIA

YBUBUAMAMLINALULATRNAIMNTIY LAY
anTWideuasinun unineaesvsigilasoainsal
Tunszusumyusud faduayusuyssanudmiuiag-
gunsalililuanidde maenauatiuayueiosiovaasy
AHlunside uazvoveunaunuasnfUgnnszvienly
fuiduaszuns Sunemanguuii Saninunusni 7
ol iteasiiuiifnudayanisgn nsqua

(%
=1

LATNISANAILATNAaRIsTUUNULEURTuNISITY

>

g

References

Ajik, M., & Kimjus, K. (2010). Vegetative propagation of sepat (Mitragyna speciosa). Sepilok Bulletin,

12(1), 1-11. https://forest.sabah.gov.my/images/pdf/publication/sepilok-bulletin/Sepilok Bulletin .12.pdf

Ardpru, J., & Majaroen, N., (2013). Design of 1 MW solar photovoltaic power plant (Master’s thesis).

Srinakharinwirot University. Bangkok. (in Thai)

Buraheng, N., Damrongrak, I., Wethaosod, S., & Pa-e-tae, A. (2022). Prototype development Kratom

cultivation under smart greenhouse that suitable for community enterprises. Yala:

Yala Rajabhat University. (in Thai)

Department of Agricultural Extension. (2021). Smart irrieation for crop production.

Bangkok: Technology Transfer and Development Bureau. (in Thai)

Department of Alternative Energy Development and Efficiency. (n.d.). Generating electricity from

solar energy. Bangkok: Ministry of Energy. (in Thai)

Division of Solar Energy Development. (2011). Handbook for development and investment in

renewable energy production, Vol2, solar energy. Bangkok: Ministry of Energy. (in Thai)

Home and Garden. (2022). Publication document on delving into the story of “Kratom”.

Retrieved from https://www.baanlaesuan.com/256350/plant-scoop/kratom. (in Thai)

Longe, T.(2016). Handbook of Growing Kratom Plants. California: Create Space Independent Publishing Platform

Kajorndechasak, S., Panphinij, S., Waenphet, W., & Kaiyawon, Y. (2009). Drip irrigation technology
transferring. RMUTP Research Journal, 3(1), 97-105. (in Thai)

Matichon News Agency. (2023). Analytics 5 economic crops, seminar ‘Income Guarantee’ to revive

the economy. Retrieved from https: //www.matichon.co.th/politics/news 3178382. (in Thai)

‘ NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

e

=p

U4 18 atiufl 2 Usedudou wuniau-Aamey 2567




Mitsanon, S., Lonphan, K., & Wamae, W. (2021). Feasibility study of electricity production system
using floating solar a case study of Wang Din Sor Village, Phitsanulok Province.

Journal of Industrial Technology Ubon Ratchathani Rajabhat University, 11(2), 81-91. (in Thai)

Office of the Permanent Secretary for Ministry of Agriculture and Cooperatives. (2022). Agricultural
economic outlook. Bangkok: Ministry of Agriculture and Cooperatives.

Phonchokchai, S. (2023). Open the rate of return on investment in 2023. Retrieved from
https://www.area.co.th/thai/area_announce/area_press.php?strquey=press_announcement6816.htm.
(in Thai)

Pongpeera, K., Pumchumpol, S., Po-Ngam, C., Namkhat, A., & Teeboonma, U. (2022). Simple sizing and
testing of solar water pump system. Proceeding of Research and Innovation for Sustainable
Development Goals in the Next Normal (R&I for SDGs in the Next Normal) (pp. 324-334).
Ubon Ratchathani: Ubon Ratchathani University. (in Thai)

Pongvijarn, C., & Klongboonijit, S. (2022). The feasibility study of installing hybrid solar PV systems for
residential building: A case study of an apartment with 26 room:s.

Ladkrabang Engineering Journal, 39(3), 167-180. (in Thai)

Project Management Office, Royal Irrigation Department. (2019). Report on the master plan for river
basin development at the Pathum Thani province level. Bangkok: Project Management Office,
Royal Irrigation Department. (in Thai)

Punpitak, S., Dongsongkram, K., OnLoa, S., Yuttaart, K., & Pimpasi, A. (2021). Development of automatic
irrigation controller system using wireless sensor to increase sugarcane production.

Journal of Applied Information Technology, 7(2), 17-30. (in Thai)

Saba, A., Juntakan, T., Hafiz, M.A,, Yanjun, D.A.l, & Abrar, A. (2021). Feasibility study and economic
analysis of grid connected solar powered net zero energy building (NZEB) of shopping mall
for two different climates of Pakistan and Thailand. Case Studies in Thermal Engineering, 26(6),
1-17. https://doi.org/10.1016/j.csite.2021.101049

Supahitanukul, C., Sripraphasorn, T., Wichaitanapat, Y., Ajjimakul, S., Boonpanya, A., Wongsamran, K.,
Kedari, J., & Hiranlap, J. (2021). Comparison between monitoring and simulated outputs of
solar panels. Proceeding of the 8th National Conference Nakhonratchasima College (pp. 824-836).
Nakhonratchasima: Nakhonratchasima College. (in Thai)

Technology Broadcasting and News Division. (2023). Solar electricity generation: Transmission and
dissemination of solar energy use. Bangkok: Ministry of Energy. (in Thai)

The Standard Team. (2021). Published documents of promoting kratom as an economic crop.

Retrieved from https://thestandard.co/aims-to-push-kratom-as-a-cash-crop/. (in Thai)

FRunERAeE sourA: Vol. 18 No. 2 May-August 2024

Science and Technology




Thongmeethip, K. (2021). Agricultural development in Thailand in terms of community development
in terms of community development and quality of life and quality of lift. Journal of
Development Studies Thammasat university, 4(1), 132-162. (in Thai)

Wetchakan, K. (2017). Performance analysis of 50 kWp floating PV system (Master’s thesis).
Rajamangala University of Technology Thanyaburi. Pathum Thani. (in Thai)

e >

—

, NINTIVINTURTINEFUD AT uede

o

~ S o N
U 18 aUuy 2 Usedhou wauaAN-aeiaN 2567 atudveransuazvelulad




nsdadendiumnlnglénszuaunsddududeiinmed
dwiunuinnsszuudumasdueianags
Supplier Selection Using Analytic Hierarchy Process for Installation
Fire Protection System in High-Rise Building

s Ransednana’ andnual Tades’ ey Ay Tani’ wesdnunn gniinwa

Chet Tangsongjitakul', Supalux Jairueng', Anucha Hirunwat” and Lakkana Ruekkasaem’
au13gInsIanismalulad puzmaluladanaiingsy UnINe1dYTIvAgNIEUAT

'Department of Technology Management, Faculty of Industrial Technology, Phranakhon Rajabhat University.
‘meiviemnssuvumeanuasladafing angdmnsueans ininetdemalulagnszaeuniwszuasmile
’Department of Materials Handling and Logistics Engineering, Faculty of Engineering,

King Mongkut’s University of Technology North Bangkok.

anrinedinmansLazada AnyInemansiavinalulad unInedesIIeans audsedn
3Department of Mathematics and Statistics, Faculty of Science and Technology,
Thammasat.University, Rangsit Campus.

*Corresponding author: lakkana@mathstat.sci.tu.ac.th

Received: January 25, 2024

Revised: May 21, 2024

Accepted: May 27, 2024

UNANYD

Bnsvvumsdduiudainmed (aHp) duldgrldidueiesdiofiivszavsnmaaelunsindulauuumans
Tnquszasd Tnganunsofiazlivielunsimunseduanuddyuesdadolilunisdndula uagnisuseifiume
Gonsng o legadiussuunaviiusednsnm Iumuié'faﬂfiﬁﬁﬂﬁﬂﬁvaﬂéﬂwLaﬁ%’m“mumsﬁwﬁm?m%ﬁLﬂswvﬁmﬂ%’
IuﬂmmﬂmmmimauhLaaﬂmummmummiwmuLwaﬂummmq waztauen1sUssendlinssuiuns
mmwwmmewwwaLLf“ﬂﬁuﬁmmmimaﬂﬂuﬂ’maaﬂmummmumms UU@ULwaﬂummimI%‘wmim
nndadendn 5 Usens Liud anmsgiunisdfjifen § danndeuuazdan AnuU1Beievesuitn Ann M
duf uazsumsiy mst{LﬁUquaaummﬂummmﬂumiama smfjﬁmsJmmmmwmmiﬂgummﬂu{jﬁma
waﬂmaqwamamsmLaaﬂmummmmumuﬂmmmﬂmaaav 33.00 M3fndenTUMIAUA G oL ke z A ALl
AthwiinaudAnyeyiifenay 12.00 mﬁamevwmummmLﬁjaaamamwmmmuﬂmmmﬂmawiaaav
16.00 muﬁzumwsuaqamwmmmuﬂmmmﬂmasmaam 31.00 a’mm'mﬂﬁmmuummmﬂmmmﬂm
ogffianas 8.00 Mniudniuvhnisdadendiummnuindsssuudumaduaimsgefivmnzaniian wadld
INNITANYINUIN ‘i‘]mamummﬁmmsﬂgumm supaamdudn dmnuddygadu 2 dfuusndmiy
nsisanAnEengSumIN TaofFumnsed 1 imumﬁﬂmaaﬂimLﬂumummwmm gaNTign ALUULTIY
Wity 4.40 esndaniuiinanuddydumasgiunsufoin weeduamnmuesdudundia

aa

ANEn NQJ.‘ Ehl ﬂi“U’DUﬂﬁﬁa’mU%ULﬁm’]Lﬂiﬁ‘”ﬁ miﬂmaaﬂmumu’mumma vUAULINAS n1sendula

FAu rrmer euRA Vol. 18 No. 2 May-August 2024

Science and Technology |



Abstract

The Analytic Hierarchy Process—-AHP is an efficient technique for making decisions with multiple objectives.
This technique helps determine the significance of aspects in decision-making and allows for a systematic and
efficient evaluation of different possibilities. This research utilizes the Analytic Hierarchy Process--AHP
to manipulate decision-making issues related to the selection of contractors for the installation of
fire suppression systems in high-rise buildings. The study examines five key factors: work standards,
environment and society, company credibility, product quality, and financial issues. The assessment
of these factors was conducted through the administration of a questionnaire to those who are
engaged in the procurement process. According to the investigation, work standards were shown to
be the most crucial element, contributing to 33.00% of the overall significance in the selection of
contractors. The weight of environmental and social issues was 12.00%, but the study of company
credibility contributed 16.00%. The weight assigned to product quality was 31.00%, while the weight
assigned to financial issues was 8.00%. Following the investigation, the first supplier was chosen as
the most suitable candidate for installing fire suppression systems in high-rise buildings. The total
score was 4.40. This decision was based on its superior performance in appropriating work standards

and its consistent commitment to product quality factors.

Keywords: analytic hierarchy process, fire protection supplier selection, decision making
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maden (W) Ae medesigsimimiinazuunyes
uiazgluuumMadontu aanmsduaneyidoya
wiaggULuUmMadon feaunisil (2)

LW, =10
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M AarnMatisuiievresesusena uinggimualuwsul
wislilaahdum wdAyvasusazmaden
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nansageuilaintinnuaennd axtuve avmnania i
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funsalyl
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UMBIAARARN
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dum iy fiiumsvnaeuauaenn destuudrvssmanaundy
4 & oy w v a
iinaladmivatiuayunsdaduly

AN 1 LNUNITUADUNTEUIUNIT AHP

U

‘ NIANTIVINTUATINE DA W Te

@

e = o A a
U 18 aUUN 2 Usyaiou WouwnAu-89mau 2567 atuinenaansuasnalulad




wivnne

'
=i

¢ o o o ¢ o =i e o =
NELUanNy 1 NEUNUANYT 2 NEULUanNy 3 LNELUANYT 4

mataan A maaan B maaan C

AN 2 Tasaas1eaaauTu AHP

wnaginsdedula ¢ C, C,] [Factor]
1 a12 ces aln A1
A 1/(112 1 o a2n I4.2
\) \) e
Vaym 1/az - 1 n

A 3 sUuvumEngnslimdn

el C, = wnawinisinaule
A4, = Uadun3003aUsenaunng ‘*]Iuﬁwﬁu%uﬁ%vﬁﬂmﬂ%‘wLﬁauﬁazvj C; U A4;
Fefunmsdummaduanuddynssihluguuuuressauvinduuin nxm aglddemmming
A4 =1la;] Tnefiiwayj=1,2 3,1

A1979 1
SEAUAIIAIAQUAEA MU TUR UAYYDINTLUIUNITIATIEHNING 1A UTY

FTAUANFIAGY Auaaadudiay

WinAu (equally preferred) 1
wirudsuunan (equally to moderately preferred)
U1unans (moderately preferred)

Ununanfeasut1aann (moderately to strongly preferred)
AOULNUIA (strongly preferred)

ADUTNUINEININATT (strongly to very strongly preferred)
11nN17 (very strongly preferred)

mﬂﬂdﬁﬁqumﬁqm (very strongly to extremely preferred)

O o0 N o 1 RAWN

uﬂﬂﬁqm (extremely preferred)
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M99 2

I3

wsngnlgSeuigunaninasisiiug (pairwise comparison)

wWanunenisandula NANLNUN

Aj A3 — A,
A 1 3 - - -
A 1/3 1 - - -
! . - - - 1
A,

NTIATIERANNABAATDY TBLUNTAIUIN
wAuaennaeIiuaLngralunisiiasuu Ingly
Fnaisuifisundninasiviarguesmdninusivian
figniimua Tasmsiemasiuvesinidadevesusas
ndninuTtogluunie utazuoanaMfENATINYEY
Anadgluuniusulsazunudniiewaguilldng
fu nadnsfazdaifusuaundninasiiuadign
thanshnsiisudie SsasamiazgniEenda Eigen
Values gaan (4,,,,) foaunsil (3)

Amax = ?:1[2?:1 aijo] (3)

IR IUUNSNTN LA LAINUFBAAABINUVD
WIANAAUYI0I100 % A, = S1usundninasifignii
yUSeuigu (n)

Sauvsadlaladanuaenndasiu i,
> drundninasiildazgnianshnsiieuiie
ARgiALEDRAdes (Consistency Index--Cl) Aae
aunsil (@)

_ (Ynax—n)
Cl = D

o 71 = IUIUVBINANLNA
SR INARNAREIVBIIANE (Consistency
Ratio--CR) fagaunisi (5)

‘ NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

=p

U4 18 atiufl 2 Usedudou wuniau-Aamey 2567

CI ansnuau
CR = (5)

RI annmsdusiegng

A1 CR leazilinaeitunisidadeindainy

aennfeounANa tneInTuIulady sl
F1uutlady 3 Yady A CR lumasiiu 5%
F1uudady 4 Jade A1 CR laaasuiu 9%

Fundadeiunin 5 Jade A1 CR lamns
LAY 10%

fhen CR AlsddiAuninnpsgiusanan fag
wanIALARRAdRI uTRInNaLITALaRRRAd DY
fu fivinnidaduazdesinismuniunsidads
Fleviluudalng Fawumslunmsudtgmvesay
lLigenndasiu fio n3Sesdriudasemudntmdni
I¥anramsitadelundusn deandufivhnnsadis

A [

msrEndifievhnsidadematuauddeln
Tasnsgirsususinsidsuluanidumiels daind
nswasuldlumsiidumasauagasaiuanianisal
vostymigenrzmunets mudenndeiuvenNa
RardiAngety

A1 Random Index--RI 3gl@unnnmaaes
laen15gui1981931nAN51UNINGI1UIY 64,000

fegn9lay Saaty (1980) AuaRIlUA1ISIE 3




M1979 3
A7 Rl Ailganmsgueieee

YUINVBIANTNLUNING 1 2 3 4 5 6 7 8 9 10

A1 RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

Note. From The Analytic Hierarchy Process by T. L. Saaty, 1980 Copyright McGraw-Hill, New York

nuAdeiiieadas
N13UsEynAleIsu0INTEUIUNITIATIERANY
Srdutudnsumsdnidenddmouioldfuogauns
nane faazulaandiegswiseves Sonong et al.
(2022) ¥Uszgndldnszuaunsdduiudeinged
dusudadengiuinisvudsdududude Tneinasi
Hadeililumsdndondliuinisvudadudiududs
Usznaume Uadeanusan Jadeaunisuinig Uade
auAun I Uadeaunisdwey Jaduniuminun
ofe wardladefuniuuasady nan1sUsegndld
nsgUILMTRATEIEIAUTU nUhUISnsdAny
asnsndenddmeuivnzauldanmsiosand
niNYeIAINE1AY 11UIV8VDS Vadee and Suraraksa
(2022) loUsziiuladelunisidendiiuinisvudalag
ilafanrmdaiu ludiaugpanvnssuanuama Sande
syues HansRsannmedlaedilinmd iy
wanslidiuindaseanduasvgiafisminlnes
4980 (83.76%) 7098931 Aiw sudenu (12.23%) uae
Frudannden (4.009%) Fauglvuinsvudsasls
ANUEAEAONITMAUANAEVSLAL I IUNENTALTLY
Tnerilsdstafefunudaduioonszdunisuinig
TAHuIn551U waze1uIas Borisutiyanee and
Phruksaphanrat (2016) lg@nwin1sdnaisiunmuaisy
vosguaTsalunmsuszendlinaluladansaumedniu
ldguniu Ineldusgnnsdifinwidiuay 10 USEm uus
Juusenlunanisudna 5 U39 uazu3nniauing
WATAITVILIIUIY 5 UTEN NaN1IANYINUIINITIA
anuanuddgvetgUassalunsuszendlialulad
asaumadmsuldauniu wlunian1suanuarn

UIN13 fie ndninusiguassaniuyana 1agn1suia

nseusuuazlinwg Fanalgandunuamedniu
nstlestunazuilatigmeuassafiensasistudely
16l 9u3deves Jewpanya et al. (2020) lauszandldy
nsTuuNsETUTLB P eiitedenaniulseney
nsuiRavnafnuivestdnfnyiaaedmnssumans
NIN1aenAlUladT1BNIARA UL JIRTARIA
Tnefiarsandadeiilddmiunisdendaiudszneu
nsvianun 4 Jads Ae nilnA @189 UssLangsng
LALEIEANIT NAANWSVBINANTTILASIEY AHP A
sefeaniulsznaunisfidenadesiuninudesnis
veatindnw MsAnwliveyaveiniseeny iRy
annaAnu¥IveIa1vIVIIAINTTUYAAIVNT ALY
AFNTIUANENST UNINEIREmAlUlagI1TNIAaAIUUN
Jwiaann $9uau 36 A wazilaouuszneunisiild
Tunnsansandiady 30 vsem uoneendu 3 Ussian

5509 lawn Ussuavndndudiue ueud nanTudI

v
a L% Ya o

dieinnsedind wazndndaniminssy Mndugidela
sfiunisasvatuauiianelavesin@nymdsanni
TnAnvusazaunIUMEToUSImUNTATIZE AHP
WU Souag 5.56 linuianelaszauliunais Sovas
41.67 fdanudianelaseivunn wag Sevay 52.78 i
aufianelaseiuanndign wazanAseves Niemsakul
and Niemsakul (2019) la3iAs1gsiinasinisuseiiuy

dalou uazivedmdonddweuimanzaulunsiag

e

Y

QUEANDUAUUTLLANVBITAYAUHANNTITLNU I AN

u

)

v
o o

uminanudfinyuesnausnisUszdluddaounudisiu
Ao AN (0.317) Anunsasialian bunsdstau (0.241)
11Ingau (0.213) n1sliasinlunisdeiu (0.152)
wazanuiiRsvesfdsmou (0.077) wasnanisdaidon

| A a o w o’ !
Z‘NiJE]UVlﬁJﬂWﬂ%LLuu%]’NiJﬁ’]ﬂiyiﬂﬂEijUﬂLUu 3 ﬂql]

&30
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wazinman lown USEm R (0.520)
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) waznauidweuingivuszianaunsallii
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(AHP) lugaannTsusing 9 finarnvans 1flasan
ASnsvesnszurunsieszinudsutuduuin
1NINATEBULUUNNIANYDILYEE IipanAloY
B Ansrurumsiasesimudiiutuduiliusunsa
dusaguiitrglunsiianesivazagunaiildfuany
Heuagnsun wu TUswnsu Expert Choice (www.
expertchoice.com) way 1UsuAsH Super decision
(www.superdecisions.com) Fadulusunsuilily
M5 ILATER IS UINNT AR ALa Uy B
ibiuievanuisatluldlunisiesieiinagings
Usziduldiosluounan faomginisanediteded
auaulafiagynsfnwdduanuddyueilade
TumadendFumnduunuuimsnuiassuy

sunadlueinisg

NSAULUIAANITIVY

NTOULUIANNITITUURIAALRBNE SULNUY
dudvaufindeszuuduimaddueinisgelagld
nIELINNITEIRUTUBIIATZY avUsznauludae
(1) Yadeiiendos (2) nqui edosdlouaznsiinsies
wa uay (3) madnslaetmustuniitelfiduuamis

TuNISAEUNUITY AILEAIRNUATN 4

WA lun1338

1. MaiusIusmdayaliuinnnisaeuay
AU dRMuLazEINgedluNITUTITIUEIA1SYRY
UsE n3aldne tielulaundelgminuasawesuitm
FIRNsnTUsEIANYRTUMINUaEUTEN A1y

nsiasanUssiudengSumnlaegrauninzauiu
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UM 18 atuf 2 Uszdiiou weun1au-gamaw 2567 v A < B
i g g atuinermansuazinalulad

ANUTIUNYUVBIETUMIUAAZUTEN

2. AinvmguinsuszugFuman waginmuai

[

N3UsEIUESUMENINATE AL BN

3. yhnsdausauensnlaAnwiavasy
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9an31 WiauerallBeI¥ey Usenausig NUSnwves

a v aa a =

US¥nnilnanainsAnuseauUIynen uazguIms

YosUTINifinandin1sAne seduuTagen $1uu
3 viu wagalReInsavIrnssu i §1uau 1 vt
warasiyIAINTAVIIAINTINGAAINANT I1UIY 1
vinu lun1suszidiunaminisussiugSumunuazde

LA UDLLUE

4. asuinaunnsussidugSuvan uaganunse
Fuunta 5 a1 laua AuxnsgIunsu oReau au
M3y shumnadeiiovesuiem Mudanndouuas
dan uaziuamnaL uenainiuneliidad
Tugjusiazaulsenauniedadedes duanstoyaly
M54 4 09 8

[

5. nasanlafnwidadelunisuseiugsu
wn TutumeustoluifutumeunisussdiugFumn
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vosdrfuiudalinmeidandunm 5 Tnodaou
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Fuiddinsei lunuitedldlndsyaunsoiuass
g1u3luNSIRNATUMINTRIUTEN nsdiANYY F1UU
10 578 Usenausiegdnnise1n1s 3AnTennns wae

winausKunade o1gau 5 U July




MuUsdasy v Hadng
=1 = YV v ' '
LAsANYINILaaNngsumsn 138nseuunmsnseinuasutuy LUt AnidendSuiman
2.LNQUTNIANLEDNFIUNT (Analytic Hierarchy Process: AHP) 28 Wuanud fryuazdnidendsummn

-ANUNIRNTFIUN TN

A 4
A 4

A3y

P oA A a o
UMY W teve U
RV MR (TR = Nt

v a v
-AUAUATNEUAN

AN 4 nFpULANMTITevesAniond SumIndmTunuRafssEUUAUmETlueIA1Tas

A1314 4
Ta9elun15Usesdug SULnIn U955 I8N 15U TR

v a wa o a v a

AUNINTZIUNSUJURU (A) ANa5uUNe 91999

N133ANTTAEYS (AD) n13ansIdUANNANMEEIEANENUEIMTBNS  (Sri-udomchai &
uImswanisalanuliuiusulusuien Thawesaengskulthai, 2012)

ANUNTOUTDIYAAINT (A2)  uAaINTHANAINTTauariUSINaYAaInIImIzaY (Mooleng, 2018)
AuUSuIeau

ANUASIRBALAEIEEEAY  ALEILNTatun1sYulalasaduniusteziafl (Sawangwongsin, 2012)

nyaanau (A3) anasnuludygn

AMUSURATOULAENISSNEY  @unsavinuilasuneunune TdfiusyiAnisfissu (Maksomboon, 2018)
Ay (Ad) Ldgnsvyliludn¥sedednsuvensudyinais

f1319 5

TodelunsUssidugsumu AnIsiu

v a [J a ¥ a

AUN15L8U (B) A1B3U1Y 214984

nsiasandeulun1sdise iy nsdrssRuiivarnvatefinsinneudnewsedts  (Damrongkul, 2020)

(B1) Wuann 9

Nun1sannzideu (82) NuaaneLlsuuTengnaewungrang dyarnieusin 8198991nA UL
fuyaA9 VDI TV Y

UNTRudaunds (B3) nsIadeuIUNsRudaundilaliteinaninainunaes (Sawangwongsin, 2012)
NINITRUVOIUTEN

QUUTZINUNTARIUIUIEN (B)  HN152190N U SWRILIUTEVTUAUANY 9 fidanasio  §198991nAuuzi
NsiNUsEANS AN VBILTEIYY
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Todelunsussidiug suiman a1 udedovesusym

v = =] a o
AMUAIMUUNYDNDUDIUTEN (C)

ANB5UY 9149949

1®5Uﬂ’ﬁiU§EN§ﬂ(ﬂi§’m 1SO (C1)

TOLAIUTEN AT Y
WATANITNDATIIUAY NAITU
Tuafn (C2)

sraznaIMlausem (C3)

Vv
o

7a9NF989US YN (C4)

maﬂﬂimLﬂiaﬂuaﬂ‘iﬂumim’aaaauwumm%m (Chonviriyakun & Suraraksa,
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q

fHodudumeia lifiseianany fnaia ey (Suriyacharoen, 2019)

Werrgluau

szuznamlasuiuianismndauiuiuiininutl 819899 LUz
Wehiaun VBIHLTEIYY

anunsaRumaninulaazan dunuludiuladad (Sirirak et al. 2021)
GGRRES FET
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e lunsUszidug Suma AuAaININGUA)

AuAuAIWEUAT (D))

ANB5UY 9149949

AssussAunanu (D1)

@ I3

UIATFIURARNUNYAFINNTTH
(wan.) (D2)

lAsUn155USRIAINTSUADY
wiaUsemalnglunszusy
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lauA1ndaun1nuaziin1s5use931nu1nsgIu  (Chonviriyakun, 2022)
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Tunsgususgudug (an.)

insldeseaie waluladMdudselevinasivunzay  (Hemaboot, 2017)
AUIY

1319 8
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(E4)

Julgurenudainasy vSUninisyinuselevume (Hemaboot, 2017)
Fanaau

winaiinaug LLavaJLmenUgumhﬂuwﬁmqmmﬂu (Sirirak, 2021)
waznszuindensruaunsiiulinsreduinden

fauduiusdusiuusengTimdnidunis vilins  (Muamkhuntod, 2012)
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fAwdunabauuedian
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mitheumminamdmnn amsdunadoy

auduniuinudfingnon ek mmsdansdunadon

HiduiingnuRaunde &1

AN 5 1598590 AUTUIBILATIERvaIN 1 TARERNE SULMAN

nunndadendnisieuiiisurivesan CR
laimasiAu 10 % vsedanvingu 0.1 Fsdennaiiuns
AUINITATIVADUAIINADAAR DIVBITDLAUUUNEY

AeIsALRALLTUIANR (geometric mean method)

gy \

gnsdANLaenAfeIveIngulial CR Wosnin
0.10 uanslituindayartminaruddyainnis
dunwalitldfianuasnadesegluinasinisensu
fag1ansAwins CR uwae Eigen Values lnaussens
WWaunisii 1 waz 2 fawandluniss 9-10
WINATILUIRG UAZTINATILLAIRIUsAY
& 1ile Normalize matrix §391519 10 dsaniiu
Uszgndldaunsi 3 e Eigen Values (4,,,,) T
1Wi1AU 5.06 ATuIa1AT Consistency Index--Cl 370
aun1s7i ¢ e CI = 0.016 f1waes a1 CR 91naunIs
7t 5 Tngldn Rl aanan319 3 ey 1.12 dadu

CR fidwirfu 0.01 AnsAuaes CR filsilen
WINAUAININIFIUAINGT kaneindinnuaennaediu
vouvapasglunusifioaniy iy AMuAth
mifnmasiiadondn Idedmindadevdndanss 11
wazdladudoslanamsng 12

6. UizLﬁuw:'%’ummém%’umuaﬂﬁgﬁwuﬁu
wadluanasgalulasanis fings 25 $u S1uau 3
78 TusAdedldligiuszaunsaiaediisnalu
N1SERNESUMNIUEIUTEN NTAIANYI 91U 10 518
U5ENaUAIERIANITOIAT FAINTUTETNRIANT WAL
wiinauuundato 91gn15veu 5 Y Fuly

7. AmdengFumnildazuuunisysuifiud
undiga fe 4.40 (JufFumuni 1 ldunsdaden
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MITNLURIILIANM TS U UnauailTTumsanaulasealnelianadeyiusyiadln (seometric mean method)

Uadeudn A B C D E
A 1.00 3.16 2.58 291 1.06
B 0.32 1.00 0.38 0.56 0.33
C 0.39 2.66 1.00 1.30 0.45
D 0.34 1.78 0.77 1.00 0.35
E 0.94 3.00 2.22 2.88 1.00
HASINLUING 2.99 11.60 6.95 8.65 3.19
M1919 10

MITNUATAUARIN TSI UL N9 [T Tun ) sendulasIegiionIuIn) Eigen Values

Uadewnan A B C D E NATIULUIUDU
A 0.33 0.27 0.37 0.34 0.33 1.65

B 0.11 0.09 0.05 0.06 0.10 0.42

C 0.13 0.23 0.14 0.15 0.14 0.79

D 0.11 0.15 0.11 0.12 0.11 0.60

E 0.32 0.26 0.32 0.33 0.31 1.54
HATINUUIRG 1 1 1 1 1
f1379 11

n15A1138dmIANIminAINEIAY YT AN

Uadewnan A B C D E amiinvastlasevan
A 0.33 0.27 0.37 0.34 0.33 0.33

B 0.11 0.09 0.05 0.06 0.10 0.08

C 0.13 0.23 0.14 0.15 0.14 0.16

D 0.11 0.15 0.11 0.12 0.11 0.12

E 0.32 0.26 0.32 0.33 0.31 0.31
HATIUUUIRG 1 1 1 1 1

, ‘ NIANTIVINTUATINE DA W Te
UM 18 atuf 2 Uszdiiou weun1au-gamaw 2567 < < B
i ¢ g atuineeansuazinalulad




A1919 12
HANITINAIAUAIINE 1A vaITadEanuas TaveEae

Uadelunisuseliug Suman Anlinvasiadeudn  Awdnuasdadedes
AUNINTFIUNTUJ TR (A) 0.33
M3dRnIsAILEET (A1) 0.10
AN DUVDIYARINT (A2) 0.35
AUATIFBLIATLALIZYLIAINTEIOU (A3) 0.32
AMNTURATOULAENISINWIFYYT (AG) 0.23
f1un158U (B) 0.08
msinsanidoulunistiseiiu (81) 0.09
uN1saanegdeu (B2) 0.52
JUNSRUGUNAS (B3) 0.21
JUUTELNAM INRIUIUTEN (B4) 0.18
fuauLeiavasuiEn (C) 0.16
lasun1ssusesunsgiu ISO (C1) 0.41
Fordeeuson anuidsimgmedianiseaiauas 0.32
naulueda (C2)
szoznailauv (C3) 0.17
¥adiseesusem (Ca) 0.10
frudawandaunazdau (D) 0.12
flszuudunisinnisaandey (1) 0.10
msflnsusunthnusunsinnsiandey (D2) 0.20
AnuduiusiugAiagneasenunisdanis 0.21
dalanasu (D3)
nAnfaeinazniseenuuuiiduinsiudwndon 0.50
wagndssnu (D4)
AUAUNINEUAT (E) 0.31
n35ulsgiuNaau (E1) 0.12
WnsgIuNGadusignaImvngsy (wen.) (E2) 0.43
lasunissusesimnssuaniuwisusenalngly 0.32

WszUsUTIYUTUA (3an.) (E3)

U vllauazANNINYBUATEITNT gUNTal 0.12
\n30sileniled (E4)
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asuaziuuluninsiuanauiiveudasniauien

HIUman Uadenanlunisusaiiug Suiman AZUUUNITUTEUTIU
A B C D E
1 =(0.33*3.70) + (0.08*3.70) + (0.16*4.60) + (0.12*3.40) + (0.31%5.00) 4.40
2 = (0.33*3.70) + (0.08*3.00) + (0.16*4.00) + (0.12*3.00) + (0.31%*4.60) 4.08
3 = (0.33*3.70) + (0.08*3.40) + (0.16*4.00) + (0.12*3.40) + (0.31%4.60) 4.11
NAN15IVY nsfnwaLAdeiifeadosuas seynasinisUssiiy

nan1sInanuAmNdAUestadenanlunis
UssiiugFumansis 5 fu uazatmiinestafodos
Tuusazau dauandlunisne 12 szuanaiuindady
ffnasionsdnidendumnidssfuazuuuanniiae
Afie AunInsgIun1sUf TR (0.33) s3adunife
fugaANALRI (0.31) wagsumnindeiioves
U39 (0.16) Fudanandeniazdsau (0.12) Aunis
R (0.08) auddiu wazdmniansandadegasly
Uadendnusazaiu wuin AuuInsgIunsU§uRu
HaduBesmnumionvesyaansiinzuuusnniian sy
A3ty uaanzfouvesiSumnianudfasnndigs
sunnniideiovesuitm msléfusesnnsgiu IS0
finguuuunian dudunnden wdndneinaznis
sonuuuiifufinsiudsnndeuuayndsanu faguuy
gefian uazFunuAWALAT nsidonldnanaueiidl
WINIFIUHANSUTINENNTIY (Wen.) daud1Agun
e

91NNTALIUTATIEIUANUARAAZ B (CR)
voaladunanlulusunsu Expert Choice wWui1 @1
gnsduANaennaesweslaTenanilan 0.01 wse
ies 1 9% whiiu Sannduautiadodud 5 Hadeily
A CR azliimsidiu 10% wansiduszliuliaudnuii
TWlufirmafeniu MsUssliuiazdndendnnaneiees
Wendlutgwiwuunanendninas (Multi-Criteria
Decision-Making Problems-- MCDM) fidosfiansan
FanaeidsnmnmiuinasiBaUium nud nsih
ASTUIUMTIATIE LT (Analytic Hierarchy
Process--AHP) andszifiunazAnidonaufindessuy
fumdsluenasgs mszgunsalfuimaadugunsali
fanuddgyretinuasnindduvedinendy nisain

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 18 avui 2 Uszdifiou wguniau-damay 2567

wagdmdondaiuuvasunnangidervalunsd
ﬁﬂ‘muaza%fwLLmuQﬁéwﬁU%umé’aaﬁﬂﬂisuaawamiﬁmm
MnAmTidadeildnnuuuasuniy giieitedly
n133aTosuau 10 AU 910 5 91ANSE AT
Hadendn 5 Uszns leun wmsgrunsufiieu d
wndeuuardsay mnuudefiovesuTthn nunmwes
AU uazmMuN1IRY WU HansSeuTigudTuwmIn
e 3 efe FYUMNTIET 1, 2 way 3 HanTaFUI
wuin fFumnsed 1 ldazuuusngean s 13
FelsiussuvesFummnsed 1 1Jufidraudung
UsglamansinsUssmates was nanulueiansgsd
WINneaNAls 111a35unsUfURUkaEIEUUNIT
Fan1sdanndendifuasiiussansnm

nA15aAUsI8Na

1N 6 azuiuldidaduiidawanonis
AadondFumniifissfuazuuuinniign Ade iy
1IN3FIUNITUHURNU (0.33) 50989110 ATUAMNIN
dudn (0.31) FeflazuuulndiAsaiu uazvinfiansan
A 7 Aagnuiiaziuu 5 Suduusnvestiafodentiuay
agneladadevanduninsgiunsujiRiaunagaiu
AN MALAT Tagonadeiuauideres Suwanarat
(2020) AFAnwiLardiasgsinszuaunisiaiden
Funelugnanvnssueimns dawanisinwmudn dade
AunnMveduAlauddgdududuusn uaz
NUITeuas Niemsakul and Niemsakul (2019) g
AnspdinaminisUssdiiuddeey uazifledniden
fdaneuiimnzauluusaznguddaeunuysziam
suaﬁmqauNamﬁ%’awudﬂmﬁmﬂfﬂmméﬁ@maﬂ
inasinsUsEisiugdsueuiaanndiga fio fuganim




AUAILINADULATEIAN (D)
ANUAINULYDDBVBIUTEN (O)

ATUNITEUY (B)

AUMUNVBIUTNRN

ﬁwu@mmwﬁuﬁyﬂ ) e 031
I 012

I 0.16

I 0.08

gmmmgmmiﬂﬁﬁ’amu A o33

A 6 nsmdmtinvesdadenandimniunisussiliugSuman

0.52

0.35

0.32
0.32

i
.
o

o

<

o

Al A2 A3 A4 Bl B2

0.23

—
<
S

meessssses (.18

memmesm (.10

B3 B

iny

AU nAIuE 1A YIIvadue a8

Cl1 C2 C3 C4 D1 D2 D3

0.50

0.43

0.32

0.17

o~
-
o

D4 E1 E2 E3 E4

s ().21
e (.12

s (.20

s (.10
e (0.10

A 7 nsvhiniinanudAyresladudesdmiunisussiiugSuman

YDLEUDLUY

A (%

nsAmdengSumn lagldisisnszuiuns

o
v A

AATERMINEINUTY Adolausiug Usenausiy n1s
Uszgndl358uqlunsdnidensSuivan ondogn
WU N3TUIUNSEFUT LB TR E LU TeE (Fuzzy
Analytical Hierarchy Process--FAHP) (Aungkulanon
et.al,, 2023) 138 NGENATANTENEAUALDANAR
(Technique for Order Preference by Similarity to

<4
2 g

Ideal Solution--TOPSIS) (Chakraborty, 2022) 11
uUszgndld en1aldiBnslunsmenimintaded
919unne1eeanty uaznistluussendldiuaumie
Amnssuludiudu q Wy msUsdugFumanden
U598 vise gimingaunsallniirluenansgs ay
yilAlsgFumsidaaam fUszdnian wnsgiu
M3auia uaziinusuinveu

— K —

&
g

FRunERAeE sourA: Vol. 18 No. 2 May-August 2024

Science and Technology



References

Aungkulanon, P., Atthirawong, W., & Luangpaiboon, P. (2023). Fuzzy analytical hierarchy process for
strategic decision making in electric vehicle adoption. Sustainability, 15(8),7003.
https://doi.org/10.3390/su15087003

Borisutiyanee, M., & Phruksaphanrat, B. (2016). The use of analytic hierarchy process for ranking the
barriers of supply chain information technology adoption. SWU Journal, 11(2), 26-38. (in Thai).

Buathong, P. (2020). Machine selection method for intermittent manufacturing system design
(Master’s thesis). Chulalongkorn University. Bangkok. (in Thai).

Chakraborty, S., (2022). TOPSIS and Modified TOPSIS: A comparative analysis. Decision Analytics Journal,
2,100021. https://doi.org/10.1016/j.dajour.2021.100021

Chonviriyakun, P. (2022). Developing sustainable supplier selection criteria: A case study of
an automotive parts manufacture design (Master’s thesis). Burapha University. Chonburi (in Thai).

Chonviriyakun, P., & Suraraksa, J. (2023). Developing sustainable supplier selection criteria: A case
study of an automotive parts manufacturer. RMUTT Global Business and Economics Review,
18(1), 103-123. (in Thai).

Damrongkul, S. (2020). Multi-criteria decision making for selecting of wood chip shipping agents using
Analytical Hierarchy Process (AHP) method (Master’s thesis). Dhurakij Pundit University.
Bangkok. (in Thai).

Dickson, G. W., (1966). An analysis of vendor selection systems and decisions. Journal of Purchasing,
2(1), 5-20. https://doi.org/10.1111/j.1745-493X.1966.tb00818.x

Hemaboot, S. (2017). Supplier selection criteria of hard-disk drive manufacturers by using the principle
of Triple Bottom Line (TBL) (Master’s thesis). Thammasat University. Pathum Thani. (in Thai).

Jewpanya, P., Archnarakrit, S., & Boonkrit, A. (2020). The application of the Analysis Hierarch Process
to select the industry in the Cooperative Learning program, Faculty of Engineering,
Rajamangala university of Technology Lanna Tak. SWU Engineering Journal, 15(1), 62-72. (in Thai).

Leenders, M. R., Johnson, P. F., Flynn, A. E., & Fearon, H. E., (2006). Purchasing and supply management:
with 50 supply chain cases. New York: McGraw-Hill.

Maksomboon, P. (2018). Supplier selection by using Analytic Hierarchy Process (AHP) case study:
Raksanee Thai Massage and Spa (Master’s thesis). Sripatum University. Bangkok. (in Thai).

Mooleng, T. (2018). Location decision-making of agricultural distribution center in Yala Province with
fuzzy topsis method (Master’s thesis). Sripatum University. Bangkok. (in Thai).

Muamkhuntod, T. (2012). Criteria for specifying infrastructure contractors in Sungnoen Municipality,
Nakhon-Ratchasima (Master’s thesis). Suranaree University of Technology.

Nakhon-Ratchasima (in Thai)

‘ o ~ NIANTIVINTUATINE DA W Te
2 Uszdnhnu neunIAL-daninY 2567 AU mansuasinalulad

e

=p

I 18 atiu




Niemsakul, S., & Niemsakul, J. (2019). Supplier evaluation and selection by Analytical Hierarchy Process
(AHP): A case study of metal production company. Sripatum Chonburi Journal, 15(3),
104-113. (in Thai).

Niwrat, S. (2008). Problem solving method selection in card inspection process using fuzzy AHP and
fuzzy topsis techniques (Master’s thesis). Chiang Mai University. Chiang Mai (in Thai).

Saaty, T. L. (1980). The Analytic Hierarchy Process. McGraw-Hill, New York.

Sangpaen, N. (2013). Selection of water diversion method by using value engineering and AHP
(Master’s thesis). Chiang Mai University. Chiang Mai (in Thai).

Sawangwongsin, N. (2012). Application of AHP method for supplier evaluation: A case study of
bathroom product retailer (Master’s thesis). Dhurakij Pundit University. Bangkok. (in Thai).

Sirirak, W., Jantakard, H., Luesak, P., Jinta-amornchai, K., Pinchaimoon, A., Sanguanpang, S., & Seeta, C.
(2021). The selection and evaluation of supplier: A review and perspective.

RMUTL Engineering Journal, 6(1), 38-56. (in Thai)

Sonong, S., Prasitwisad, W., Katkaew, A., & Kaewpanya, A. (2022), Application of the Analytic Hierarchy
Process (AHP) in the selection of frozen freight forwarders: A case study of Mali Ice Cream Store.
Journal of Administration and Social Science Review, 5(4), 1-14. (in Thai)

Sri-udomchai, C., & Thawesaengskulthai, N. (2012). Application of Analytical Hierarchy Process in
decision support for innovation award. The Conference of Industrial Engineering Network, 2012
(pp. 2010-2016). Bangkok: Industrial Engineering Network (in Thai)

Suriyacharoen, C. (2019). Selection of logistics service provider for business supermarket in
Chiang Mai Province (Master’s thesis). Chiang Mai University. Chiang Mai. (in Thai)

Suwanarat, K. (2020). Application of AHP method for supplier evaluation of a company in food industry
(Master’s thesis). Huachiew Chalermprakiet University. Bangkok. (in Thai)

Vadee, T., & Juthathip, S. (2022). Evaluation of factors for transportation service providers selection
considering sustainability. Journal of Logistics and Supply Chain College, 8(2), 95-111. (in Thai)

Viriyapab, N. (2014). Application of AHP for the selection of the water supply system of Rajamangala
University of Technology Lanna (Doisaket) (Master’s thesis). Chiang Mai University.

Chiang Mai. (in Thai)

Waters, D. (2003). Logistics: An introduction to supply chain management. New York: Palgrave Macmillan.
Wongsakul, T. (2019). Determining weights of criteria for decision Making. Journal of Industrial Technology

Buriram Rajabhat University, 1(2), 63-71. (in Thai)

4 &>

g

FRunERAeE sourA: Vol. 18 No. 2 May-August 2024

Science and Technology




nsuuAduiuadlun1suSMsTANIsnLedy dmsunisiAune
wuuvanglalaudenfegudnatsunsfaunague
Enhancing Security in Secret Key Management for Multi-Agent Key
Recovery Utilizing a Centralized Key Recovery Center

s

NUAITTA Mueedl wazdgey Funsneyys™

Kanokwan Kanyamee' and Jumroon Chankulchorn'
'augIngimaniuazimalulad umIne1desvigensing

'Faculty of Science and Technology, Uttaradit Rajabhat University
*Corresponding author: jumroon@uru.ac.th

Received: January 30, 2024

Revised: April 22, 2024

Accepted: April 30, 2024

UnAnga

szuunsiAunguedy 1umaluladfiflauddnluganisdoasida Ansiineinadsiadumnliie
dueuaendsvasdoya uarinwanududuivesldou maideiidunifodoiaun Snquszacd
Wlofamu1gUuuUNTUIITIAnITnUady (Secret Key-—Ks) sunuulmififianusiunsasnde dmiunisd
AunauaLUUvaeLewus (M-KRA) fiondgudnanamsiunaua (Key Recovery Center—KRC) hausmfuiewaws
(Key Recovery Agent--KRA) Iﬂﬁﬁaﬂgmwuﬁiﬂ E-SHAM-KRS U nunen1sidefe n1suI@uenssuIuns
Fansnauadu ks Whlumnuduseningiuiugds vide mihenuiiiavslumadifsdoyalasveudongmune
Wiy vilinsddunaue Ks finusfuaslasadouasdiauindede naenaugldnuiinnandudiui way
sesfuntsfAunnuald wiflunsdiil KrA lungunisddudy Tnsvhauuulassadsiiugiunguassisae 910
115058 uYTEANSNINVBINTTUIUNTTANIINYUIAU Ks 983 E-SHAM-KRS Taglavinisiieuiisuiussuy
s wudn (1) finnwanansalunssnwinnudureangu Ks vilinguaiinnudasadogs liflenaiinnisih
navasnaua Ks Tiyanafia (2) fadlunsdfungus fuuafisdudndes uilauiuauesiinny
druigeiuegnaidedidny was (3) Wnalunisairsfladlunmsdiunguaiuiudntes itesesiunsdnns
nyw Ks Tifannuiunsasadofindu vl E-SHAMKRS Tdudlugnsoudiunisilnavessiannyuaduld ds
walvinszurunsiaunguatianuindetie uazviauldifuuszansawlusuanuiunsUaons

[

ARy ANUTUAIUADANY NEYRATU AUNYLA LBLAUA AUGNANNITAAUNGHT

v

o o o _ NsATIvINMIvendedaiisuede
Ui 18 aufl 2 Ussdudeu wgunAL-aanau 2567 | oduingmansuasmnelulad



Abstract

Key Recovery System is an important technology in the era of digital communication. Cryptography is

used to increase data security and maintain user privacy. This research is a developmental research.

The objective is to develop a new secure Secret Key--Ks management model for Multi-Agent Key

Recovery--M-KRA that uses Key Recovery Center--KRC that works with Key recovery Agent--KRA. This

method is called E-SHAM-KRS. The goal of this research is to present a model for the Ks management process

to ensure confidentiality between the recipient and the sender or the agency that has legal access

to the information. As a result, Ks recovery is secure, reliable, and provides users with privacy and supports

key recovery even when KRA in the recovery group fails. It works on a public key infrastructure. The

evaluation of the efficiency of the Ks management process of E-SHAM-KRS, which was compared

with the previous system, shows that (1) E-SHAM-KRS can maintain the secret of Ks, resulting in the

Ks having highly safe and there is no chance of the Ks being leaked to third parties. (2) Key Recover

Filed--KRF has slightly increased in size but is significantly more secure and private. And (3) E-SHAM--KRS

requires a slightly increased amount of time to generate KRF to support a more secure and stable Ks

management function. Moreover, E-SHAM-KRS has successfully addressed vulnerabilities related to

the leakage of Ks, resulting in a more reliable key recovery process.

Keywords: security, secret key, key recovery, agent, key recovery center
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Abstract

This study employed a research-and-development (R&D) approach. The purposes of this research were
1) to develop an innovative genital model for practice cleaning, 2) to evaluate the effectiveness of
this model in facilitating the development of cleaning skills, and 3) to assess the level of satisfaction
among second-year nursing students regarding the use of the genital model for practicing cleaning
procedures. The sample group was 114 second-year nursing students who were studying basic nursing subjects
in the academic year 2023. collecting data by using the efficiency evaluation form for genital models
for cleaning training and the satisfaction assessment form that passed the content validity check from
3 experts. The consistency index values were obtained as 0.90 and 0.88, and the reliability of the
assessment form using the formula Cronbach’s alpha coefficient had reliability values of 0.92 and
0.85. The research demonstrated that the innovative silicone genital model for cleaning training is
effective for several reasons. Firstly, it allows for the visualization and description of male and female
anatomy. Secondly, the model’s overall efficiency for practicing cleaning skills was high (mean=4.50
standard deviation=.78). Thirdly, user satisfaction was very high (mean=4.38 standard deviation=.56).
These findings suggest that the training manikin is well-suited for teaching nursing students proper
cleaning techniques for genital organs. Additionally, the model offers the benefits of versatility (usable
with various media), cost-effectiveness, and ease of use. Finally, its use can potentially reduce reliance

on imported genital silicone models.

Keyword: genital model for practice cleaning, cleaning the genitals, development of nursing skill

training models
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Abstract

In this study, a two-wheeled, self-balancing bicycle robot that is controlled by a Proportional-Integral-
Derivative--PID control system is designed and evaluated. The objective of the project is to create
a functioning bicycle robot that is stable and balanced. The primary difficulty in developing such a
system is keeping the robot balanced under various operational circumstances and ensuring robustness against
disturbances. The study examines the theoretical underpinnings of robotics and control systems, as
well as their actual application and assessment. We simulate the behavior of the bicycle robot using a
model-based design technique, and we use the PID control system immediately to modify its velocity
to maintain it balanced. In order to ensure optimal performance, the PID controller parameters are
carefully calibrated. Through simulation studies and physical testing, the effectiveness of the control
strategy is confirmed. The results show that the bicycle robot is able to balance itself while controlling across
a variety of surfaces and environmental conditions. This concept could have a variety of uses, by
proposing an innovative method to self-balance in the development of two-wheeled robots. The

study greatly expands the field of autonomous robotics.

Keywords: two-wheeled bicycle robot, PID control system, Balancing robot, Kalman filter
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