R R
Un 40auun 2 TurAu - :uuw,g@%

Y4 'JOURNAL OF. CIENCE AND TECHNOLOGY | JUAE
MAHASARAKHAM UNIVERSITY Bl

T INDEXED INTCI ( Tier 2

|ISSN (Print Ed.'t.'on) : 1686-9664 ?)

ISSN (Online Edition) : 2586-9795 EBSCOhos!
ISSN ( _ |




sensonenFacsiainAlulag

Jagdszasd

MINFINPIFATLAzNA D N IneNdoNrIansaIN v
%%Iﬂﬂ&l?ﬂﬂﬂimﬁdﬂLWElLﬂ%Lma\flLNULLW?NGO’I%V]N’M’H’]W?YIN
ﬂmmwmaaun's’mrmm'l,uu.a rensdsEing lagusunsunany
1%8 (research article) unanNUIHa (review article) lusna3m
@49 ldun adiaemaas Anmemaas inaluladl Sanssuemans
INBATFRAT WANDAEAT INDIFAATFVNIN UAZEWINLINTS
Muinumaasuazina lulad

RVER

VAIINYIRBUAIRIIANN

fUNIBNBIUIIINTMT
NAIRILFINNITITUUAZUINMIITINT VW INBIIURIFITAY
FILATNEHY SUNBNUNTITY IIRIANAIFIIANY 44150
Tnsemvinalu 1754 Inséwei/Insans 0-4375-4416

ASnmn
a%msuawﬁﬂmé’ﬂymmsmu
?f’]ﬁﬂi’]‘ﬂﬂi% a3.3qn7 Tl
AN ATITY Yryuas

UITWIENT
6 =
AFAT19178 A 1.0 Useinwn

478U 5MS

Man13s a3, sl Uszuaa

YN FINAIENTANN

MEATNNTY 03.6555 ATOUTWITH

VAN FTINAIEITANN

T0IANFEATINTYS WLFAIANE AT.2IWA L9
WANINNFINAIEITANN

309MIATIIE 035880 gnBdn

VAN FBNAIEITANN

naoussmﬁ;ﬁms“ )

a3 aandng ygfie

MNINTTUNINNTY

MEATINTE A3.8za6 awziiias

VAN FTUVOULAR ®
MEANTINIG ALEWIIE NI

VAN FUVOULAL _

mﬁ@mﬁmﬁ a3.U5d dwd3ad ®
awwaanimummmau

MEATIINTE 035 awzilias

um’mmau:uammuf .

MAATINTE AT.0UIANND udIusa ®
YAINNFBNAIEITANN

FINRATINIE AT.FUUA enIzan

WANINNFTINAIENTANN

JOIANAATINTG AT.FITIN YiyuzAnTIme

VAN FUVOWLAR

sosmaaTsd avaiyly nunmna

VAN UVOWLAR

UroNeENaaiumansny

T8INFEATITE AT.SUNUT 8715NEA
wﬁwmé’wauuﬁu

I09MNAATTT ATYYW INENTIE
saniTuTdawanLImImaas
FRIANFEATINTE AT.NILNW DUULA?
NAINLTUVDULAL

J29MNEATINTS AT UONA UEIUTZAL
NAINEFUVDULAK .
JAINFEATINTES AT.LNBAFNE A
wﬁwmé’wauuﬁu

oI FEATNTOEU ms’mm
UWANIEBINEaseaas
309MNAAMNTT 0787 NUWA
VPN BNAIFNITANN

JRIMNFEATINTE WBUNNSFSINEY FSansal
VANINEREWLIAIT

{Tnmaaiand avmia yayin
URAINLNFNRIFNTAN
HT20mansnTg as.unial wnsna
mma“nmamﬂﬂIuIﬂﬂﬁ“ﬁmmﬁmm
HT0manTng av.oum \ReTne
um'mmar_lswngauaiwﬁ'm
HT0MaNTINTE ATIENATT FULAW
UAANENFUULIAT

Hranmansansd as.efyyn waRsolom
URINLNFUNRIFNTAN
{1nmaniand av.eainaol aziow
URANLFUNRIENTAN
HT0MaaT1NTE W.AW.AT. WA DRWUT
NAAINENFNAIFNTAN
Hraomaniand avauiin waawsiving
NAANFNAIFNTAN

819138 a3. 503U Jawde

VAN INBRLFENN

Mr.Adrian R. Plant
UAAINLNFUNAIFNTAN

R IRNT
23733 BIIALLATEY

WAV
wWnasala 3935
ERRELN naqmi

ezg

MABALHEUNT
sz 6 iy
adufl 1 unTAN-NUATAUS
atiufl 2 Twau-won
aluf 3 wauMAN-Inuan
alufl 4 nangnan-famau
AN 5 MU U-0a10Y
adufl 6 WoAINBU-TUINAN

NsmTInemaaiuazinalulad uvnInmdsumiansany http://www.journal.msu.ac.th LNUWSLAaTUA 30 Lo 2564



UNUIITWISNS

o “ulaw” AlrnasiiNe “dow”’ dnaall

spaiow’ Wudadunforiianis lunsdsnguionfissieiiin Mulberry %a%@agiuﬁ'\mn Morus sp.
\uRaanansanyld meﬂunﬂw%ﬂﬁ'ﬂm Tasawnzasnsdslulsmafinsfionsysssuwiasasse praInlgnnian
deslwuannan s luwiondaluirermsdsssiiadsives “Grew (wnwndaw) wievwonlny (lunnwn
nav) ﬁl,i'lﬁumﬂﬁ’uaﬁmaa wonwileannlumioufiuenmsnangmsumsiissmnaninuud Solnandandsda
azﬂ,uﬂau “uaY ATAFRLATIRTATINTUYTTwTnesneb mewmﬂmmmﬂﬂmmaumvsmmmme
W HawITLRgTUNand awiwInN s FLFwIn Handaugay ludrpansansuazgulslomidesiome
winudszns luﬂafgumswammmmuwamnmmau%mﬂv\mﬂmmsgﬂmnwawau 07 wow sl 7 TWauds
helfusaaininainnandawldaoi i myenzElinamsemislunandenauuisluansundeaiugning
$rwm 17 nSuaslindsawdiss 60 Alauanes laplsznavludoaslulawsatoua: 70 w@ulodoua: 14 Tlusdn
fovaz 12 uasilududouas 3 vagiiwiin %ﬂﬁavlﬁiwﬁlﬂiaugaLﬁaLﬁ Uuﬁuwa"l,ﬁ’l,umjmua%ﬁ oiu Snvadeiidulevaniia
Aazanoin iz \wadAnatTanaz 25 LLa:mﬁﬂﬁa:mﬂﬁw‘h}"l,@i’aﬂwo’ﬁﬂﬁuayﬁ”ma: 75 vasusinandulofanue waneni
wa%ﬂauﬁoqmﬂﬂﬁm%mﬁw’ﬁ Janfuia Aniud uazusmgindn i wanuazlwunadoy udu @T’mm@ﬁmd
ﬁﬁﬂﬁwamiaunmzJLﬂumavl,ﬁ"?'iLﬂuﬁﬁﬂLLa:"L@T%'mmuﬁvaLﬂﬁ"ﬂan ludseinalneias L’%MﬁLnH@iﬂstw:ﬂgn%ﬂauLﬁ )
Aufisanansiangmn s mihenwinsocanage %%auﬂigmﬂuﬁwavlﬁ RIDWAAN UM Iﬂﬂﬁﬂéjmﬁmmﬂ
Lﬂugﬁ%fﬂqmmwLLa:GTadmiwaﬁwﬂuLLdmaam‘s*’ﬁ'aﬂmuqmzﬁui{wmﬂmﬁa@ TIUAANBLARLABTER PaInulsnnuan
laage Trowduaiegliduinliudiusn dosuumibiadsusesdeausztisuidymiionn Hudu lasdgiu
mmm‘wuNamiauaﬂ%’m‘immﬂagluﬁﬁaaﬁwﬁuﬁﬁ%’uﬁw 1a ﬂﬁiﬁmmﬁﬂagﬁﬁiaﬂ%a: 200 111 agalsna myezlw
mwmmmmma’s’wuﬁﬂvl,@i”azhaﬂ"aﬁumﬂmsﬂgﬂmiamﬁa'«ﬁmmﬂwaﬁ?u suinasnideiazdodlasunmssasdunas
aﬁ’wma‘[vﬁqﬂmuﬁﬂuﬁm sdsnslfimaluladiforssuaoliiunaadasinIuTanssy FoaafadiuUNTLua
%‘ﬂqmmwﬁﬁﬂéTaLﬁWﬁua%ilumm:ﬁ LLa:Lﬁawamﬁmsﬁuﬁf@mimmﬂ%ﬂau‘lﬁ%’ummau%fuﬁv‘ﬂuLLdmadmmgmmwﬁm
LLa:ﬂizﬁﬂ%mw%maﬂ@iaqmmwaahmﬁaﬁmﬁa AN nsdan “walaw” edlnRaaiadnomisved “daw’
dnsial

J09AEATINTE 77788 q‘ﬂeﬁﬁ"]

YITUITNNT




UNAMNIBINIT

Agricultural Science
gﬂtm‘quﬁnﬁuﬂﬂwmwwumzﬁm‘ﬂmmiﬁ% uaznalsmnisangnaalisalsaiy
wuulailvaiansiialianisuazisansvasuaaining
Specific feeding behavior modes and mechanisms of Non-Circulative phytopathogenic
virus transmission in Non-Persistent and Semi-Persistent types of transmission of insect vectors
3190y b WNQe
- q
Thanat Na Phatthalung

UNANNIVY
Computer and Information Technology
ﬂ’liur%il‘.uLﬁﬂuﬂiza‘ngﬂ’l‘wwa\iLHJ‘.IJ"S”Iaa\iﬂ’]iﬁ’]%’lﬂﬂ’a’mlﬁ.ﬂdtiﬂﬁ'ﬂ%
uazvaaaiaalaglgdanasiamiiasdaya
Efficiency comparison of cardiovascular risk prediction models using data mining algorithms
wiend luayo
Nongyao Nai-arun

szuudanansainslsinalsmsdszananann

Water utilization monitoring system by using image processing
AANTY 1TETIL, 1Y J89, Bmud 7130
Lukman Chaiyarab, Gaurav Dhungyel, Sirikan Chucherd

msSauiisulsz@ninmnasanetamiiasdayadmsunainsainisiialse
The efficiency comparison of data mining techniques for patient incidence
anay A3, 13 Nei
Ukrit Srisuk, Jaree Thongkam

Engineering

msﬁnfmwqﬁnﬁué’ﬁmnmiandaumaamgnn51ﬂ’|§uau tN3A AISI 1050

firumadandasisuialnagy

Study of fatigue behavior of AISI 1050 steel annealing with metal active gas process
fiwud wille@, Tugns Hnu

Nipon Maneechot, Chaiyoot Meengam

mslsnifinanaguamuiassgaansassasisamasgawnisuuuldiagnyas

fwsuihtaindernssass

An economic worthiness assessment of a bio-filter microbial fuel cell for leachate wastewater treatment
AAENT MU, FANWIA WInwaaw, 3uni Ixad

Wajussakorn Kanjana, Thitiphong Promjom, Warin Meesat

127

137

148

157

164

173



msaanu,unéf'amuquﬁvlaﬁeiaL%'zlaﬁ'%wamaamﬂaaﬁuﬁwé’atmmﬁlmnaﬁﬂﬂﬁﬂ

TaaladanasiinayiBeysuan

The cascade PI controller design of a boost converter using an adaptive Tabu search algorithm
Anwme andun

Wiphusana Chayinthu

WOANITNNITLAWBN UAZN1LTDINTTIBUSN1530 Shuttle bus MaluaniInedavanunn
Travel behavior and accessibility of shuttle bus in Khon Kaen University

woEa 7I05m, AA0N AWM

Haruesit Chatathicoon, Ladda Tanwanichkul

Health Science
amnwainanzluaiasuaranadanws nunguaInsiInkivaskn@nwunng
aeiSawarNgINaaIEas
Indoor air quality and its associations with skin related syndrome among
medical students during gross anatomy dissection
wfld wiawt, Toumuss ssuyas, Spowed looas,
maaw $ruria, tigwad sualia, gy inamas
Saowanee Norkaew, Pannathorn Thammabut, Ratchapong Chaiyadej,
Kanjana Changkaew, Nattapong Yamasamit, Arroon Ketsakorn

Mathematics
ana o o A a a A v [ A a a
auummaammmumsﬂ? ‘luﬂsnufmeaswmnqmwuqmuﬂm
m u
Properties of fRam-operator in minimal structure space with an ideal
unowad adafiwisue, agdl s, Toate S5uzwerd
Yutthapong Manuttiparom, Daruni Boonchari, Chokchai Viriyapong

Physical Science

Mg etasTnamandns nnsTuassUad s B UNT S RN TEaW

Construction of a simple alternative current (AC) magnetic field meter for classroom teaching
Andavoe vanzifiny, sudszan Iw%fq@, waAwT 13w, Saugen gnatuas, TuwIY L%aqou
Tippavan Hongkachern, Somprasong PhoSud, Nattiporn charcencheep,
Rattanasuda Supadanaison, Tanapong Chuachun

Na‘ila\‘lzﬂLL‘.IJ‘.IJﬂ'ﬁVL‘Ir‘iaLLﬂﬂﬁiiNﬁ’]aﬁ'ﬂﬂ'\ﬂ‘naLtﬂuﬁdﬁﬂwadﬁﬁﬁiEl@i'l‘l.li:ﬁ‘n%n’m‘ila\‘l
uronda Wi uazanadausiagdaiellsousas
Effects of natural flow and force flow patterns of water on efficiency of a semi-transparent
photovoltaic thermal module

ennil 1af3, auavol usatlszdng

Akaphoom Jaisiri, Arnusorn Seangprajak

181

192

203

213

220

228




VI  J Sci Technol MSU Vol 40. No 2, March-April 2021



gﬂttnquﬁﬂ‘siuﬂﬂumwntmzaa‘ﬂmm‘sﬁ% waznadsIwn1sananan lsalsany
woulaluadauziialaonsuazisanisvasunasmine

Specific feeding behavior modes and mechanisms of Non-Circulative phytopathogenic
virus transmission in Non-Persistent and Semi-Persistent types of transmission of
insect vectors

3I%g) W WNRa"
Thanat Na Phatthalung”

Received: 10 November 2020 ; Revised: 25 January 2021 ; Accepted: 2 March 2021

UNAnga

myzLnauazmMIignaa hisislasuuasnve il uilyw M peInsz WM ILIMITANMINIMINLAT flagann
uuaswmeigaTiingn mm‘mawmwmﬁauﬁwmnaJaungﬂé’[m:ﬂ:wwaﬁlﬂﬁl,l,azvl,ﬂa uanmﬂﬁwqaﬂﬁmmuum
wmzmmmﬂ%’uLﬂ&"ymﬁ'amwa%iia@"l,ﬁmu'ﬁ'umﬁﬂLLammwm@ﬁau FINTaNEAUTEINNT IS ST dUTIALST
Fsgonansznuuazialiiinenudsmoduensdenandaiiomsuslnanolulssinauaznsssosn unawady
ﬁ%\‘ivl@q]"‘/l‘i_lﬂ’lu’liimr]‘a‘iuLLaﬂﬁ&gN&JBdﬁlj\‘iLﬁuﬁdgﬂLLUULL&:ﬂaeJmuluﬂﬁﬁﬁEI‘YIB@%%ﬁiﬁﬂ‘ﬁ"ﬁiﬂEJLL%J&G‘W’M:LLUUVLN'VLMQ
ﬁﬂw'f%ammmahLLuﬂvL@TLfluaadgﬂLLUU%&'ﬂ Teun woulilnadowsieliannsuazuuylilnadousianinns e
R gﬂLmumirhﬂﬂaﬂ"b%'ml,uuvl,&ivl,mﬁU%ﬁﬁ]:mﬁﬂﬂﬁﬁuﬁuﬁ‘ﬁLﬁﬂﬂ'ﬁm:m']ﬂﬂiauﬁaéaé’ngtuﬂmu%nmﬁuﬁ’s
amgmﬂvh%fauaﬂﬂiauﬁﬁuﬁzytyﬁmu’%nmai‘m:mumﬂmadLLuadwm:ﬁﬁmwaaﬂﬂé’aaﬁumaiwmmmivl,@i"fu"b%fa
PIUNIININZANAT MIthenea i lgATlasuuaimine uazzaUafiiiavesmMaAnUFuiusszningdhiais
wazuuaswve leun T3 AR uaztrswiastalue audeu laglanzaauauaInIiay fRUNUI LS 0
suansthn wazusmmadnemsiurinvasulaswIvewini i hiaiseludmafivimnuazinieuis
vihgnszualafiazasuas liimslmadswdigrasitnasid Wimanmnmenaahisldmendsanmssanany
vasuNaINIng wazldsninsndioneabhiadumald madeuiuazmudilafimn@nsmwamusumduazanuanz
WzasradnzuIwMItonaa hishafislasuuasmwnzazilgnsnsgnsmaasluvindouifuszmatdionanasd
GRRt LLa:ﬂﬁiﬂﬁﬁaﬁﬁﬂizaﬂ%n’]WLLazLﬁ@ﬂ’ix%ﬂ%NagdqﬂaEi’]\‘iL‘ﬂuEﬂﬁ’i’iu“?llilLdﬁu Lﬁaﬂ'ﬁmuquﬂm,l,wii:mmaa
hialsaRouazuuainime LLa:i’Jadﬁuwaﬂswm%aamiaqmm‘msmmwsﬁ'ﬂm:ﬁuqammm:wmﬂ

adan:  hisis wsiwine matanaa hisRouuuldnaiaw mydienaahizfrsialions mitienaalis
Wprhaninias

" infnsdiygen svirinalulaiiinw euineemaasuazinalulad sniinedsswmnaas gudiiia §1naa889%a9

wndadnumil 12120

" Ph.D. student, Department of Biotechnology, Faculty of Science and Technology, Thammasat University, Rangsit Campus, Khlong Luang,
Pathum Thani 12120 Thailand

* Corresponding author. E-mail: naphatthalung_thanat@hotmail.com



128  Thanat Na Phatthalung J Sci Technol MSU

Abstract

The outbreak and transmission of plant viruses by insect vectors present major problems in agricultural management
processes. Insects have short reproductive life cycles and both short- and long-distance migrations on monsoon winds.
In addition, insect behavior may alter for survival according to habitat and environment, producing populations relatively
quickly. This causes widespread damage to agricultural yields for domestic consumption and export. This article reviews
the literature, focusing on the perspective of feeding behavior modes and mechanisms of non-circulative plant viral
disease transmission by insect vectors. These can be classified into two main types: non-persistent and semi-persistent.
Types of transmission may be distinguished by interaction between signaling proteins on viral particle surface areas and
receptor proteins in vector mouthparts. These interactions were reported as consistent with feeding periods for vector
acquisition and inoculation periods in plants, and with limiting plant viral-vector interaction from seconds to minutes,
and minutes to hours respectively. In particular, limiting interaction of the tip and foregut of the vector mouth resulted
in plant viruses not multiplying or moving into the circulatory system hemolymph, hemocoel, post-molt transmission, or
transovarial transmission. Study and understanding natural behavior and specificity of plant viral diseases transmitted
by vectors may lead to strategic planning for methodological knowledge and knowledge transfer. Efficient and effective
techniques in practical sustainability should therefore be developed, controlling the spread of plant viral diseases and

vectors and preventing negative effects on the agricultural industry at both micro and macro levels.

Keywords: Plant viruses, Insect vectors, Non-circulative plant virus transmission, Non-persistent plant virus

transmission, Semi-persistent plant virus transmission
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UjFuiussznithisuaniefiaaoznelusuuag
wwmﬁmmmagﬂﬁizlﬁué’nﬁzyvlﬁﬁaﬁ

1. n1sangnaalrTanzlaauuasnIvewuy
Tailunaiaw

mItadeuihauazmafindwinaashaRolu
oprzmoluvssuusinnaiianisiranaah afsuuy
lalnadon (non-circulative transmission %38 cuticle
associated) A3 NYJFNAUTITHINIUURININZURE
Nrlasase (direct physical contact %38 mechanical
transmission) lagnszuaumsinenaahiafod wwases
I6au1n (mouthparts 38 oral cavity) ARANHMLULY
t312Q@ (piercing-sucking type) (Drucker & Then, 2015)
%aag’maﬁmmwaamuﬁa uaztduuImraInaan
2IMITRIUNUN (anterior alimentary canal) Asznuiwdu
RRBALNT (stylet) INNTLNIAUARNUAZLENARLITN (needle)
289n74 (mandible) waziu (maxilla) wnatazid byl
Lf‘IaL*ﬂ‘aﬁmﬁamig@ﬁuﬁngm laslassasanmeluain
thndsznavualssasl ngIuniua1nadn (maxillary stylet
food canal) waztesthnaulsagtinans (maxillary stylet
salivary canal) (Powell, 2005) &slupadiunaswinzls
mmwmLmzvﬁw"[ﬂlmﬁmfiaﬁmﬁami@mﬁuﬁugmﬁ
LN BILNRIIUNINLTRR AT 9 Lad Weriing
§1723 (probe o) stylet penetratlon) ANULRNNL ml‘llm
W7 (host-plant suitability) iawiIuNITLIRNTQATH Gt
maawwgmmam:mﬁmﬂmaaLLsJaqLLmzvl,mmﬁ@@ﬂu
iapsssmansafielasuhssanuusenmeld Tuame
@enmsnaasimansalesuhSsannimadiandulsamu
@K RadNuNad LU TRIINNTUNI N TRANT
28911nUa? vl:s%’aﬁmfzLﬁ@ﬂﬁé’wﬁuﬁ‘mwwzu‘%nm%mﬁaq
A16LAR (cuticular lining) VaITaI81%1T (food canal) Laz/
wiateatinan (salivary canal) :nniwisamansolnadon
(circulation) LLazmé"auL’iT']gmaa@am'ﬁ (esophagus) LLae
VI UNMILAUDNMITRIBAUN (foregut 38 stomodeum)
s Ta ﬂvb%'aﬁ"ﬁvl;iﬁmil,ﬂ?iauﬁwLﬁﬂ;jmmaiaﬁm 84
Lmeﬁﬁszuwguﬁw‘[aﬁmmmﬂ@ (open circulatory
system) afuszuufinszualafialildlnadowluany
wWiwdaaasaana wazldiimswadowdnggesianms
§167 (haemocoel %38 vector body cavity) (Haine et al.,
2007 ; Viteri & Gordillo, 2009) laganunsauustaslaidu
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2 dnwae ldun (1) uwoulinns wighialiaserlue
LWNRININE (non-persistent %30 stylet-borne transmission)
ez (2) WULAINNIT %%a"b%famaglisl,ué"sl,l,umwwmﬁm
%Lamn (semi-persistent 138 foregut-borne transmission)
AURAU (Pirone & Blanc, 1996 ; Powell, 1991)

1.1 nyagnaabiFanslasuaaining
wunlailuadauzialainins

mynanaa hianawuu e vuaiiall
5 LALUNAINIRE (non-circulative %38 non-persistent
#38 stylet-borne transmission) 3= TITZHZIANLUR
wneldsuh3a (acquisition period) lagldatenzaiutn

3 K 4 B

(stylet) uunanzgaunaanzidn ldlwilafiafi uazwion
P ' o . . Yo A ' <
flazenenaa 3 (inoculation) leuiatnisiasy (Ammar
et al., 1994 ; Berger & Pirone, 1986 ; Brunt et al., 1996 ;
Martin et al., 2007 ; Powell, 2005) J’l']&l‘lﬁﬁ\‘imig}ﬂﬁu
dRgsnvieiuazvaanwisani sl ulsaiies
Asaden Delaifiszozunadn (latent period) vadli¥alu
uNaININE Lazldszaznmawluid At (Palacios

et al., 2002) annvanwmevaulwaidtnNavaInITia

Ujsunussznitehiauazuuasnine swisawuld

awznmautn mliidonansasdnaiguiin
stylet-borne transmission uaﬂﬁnﬂﬁﬁﬂﬁmvﬁwiwznm
LazUS s Aai ﬁﬂﬁm:mumimma@vh%'agﬂ
FuislasmstafifiduasdUsznanvesinansuuss d9na
IWyduanumunsalunsasegnsluaisiznoluuse
dreintawlumsaioneah¥avesuuasnine vinliisen
SnE DA EINEI T non-persistent AMAEGU (Whitfield
et al., 2015)

fhatnsmatneneaisludneoeilaunn
wu"l,@‘i’lu"l,a%amju double-stranded DNA-reverse
transcriptase (dsDNA-RT) &na Caulimovirus LLa:VL’J%’aﬂEjN
positive-sense (+) single-stranded RNA (ssRNA) &na
Fabavirus, Potyvirus, Carlavirus, Cucumovirus, Potexvirus,
Alfamovirus, Machlomovirus &8s Macluravirus Ve
(van Bekkum et al., 2014) TagLuaIsINININA B atUAS
waelw leun ngﬂéaumgu (peach-potato aphid) 38
ngﬁdaugﬂﬁa (green peach aphid) T#a Myzus persicae
(Sulzer, 1776) LNAg8auine (cotton aphid) BIaLWR S LA
(melon aphid) T%@ Aphis gossypii (Glover, 1877) L‘Wgﬂ
20U (pea aphld) %@ Acyrthosiphon pisum (Harris, 1776)
Lwaﬂaauﬂ%mﬂa (cabbage aphid) 780 Brevycoryne
2010) uaz
wwaglWdnIwa (com thrips) Tfia Frankliniella williamsi
(Hood, 1915) (Cabanas et al., 2013)

brassicae (Linnaeus, 1758) (Uzest et al.,
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1.2 nsonanaaliSanslasuaainine
woulaluaBawsiainns

msaeneahiaRououlinadousfiads
15 LALULNAINRE (non-circulative %38 semi-persistent
%38 foregut-borne transmission) luu1ansdlaIN1TaNL
lalul#ideuras (nematode) Matrsnmsdnanaalia
lué’nHmzﬁmmmwuvlﬁiluvb%aﬂ@:u dsDNA-RT &7
Badnavirus LLa:vLﬁ'amj&J ssRNA 8na Closterovirus,
Sequivirus, Trichovirus ez Waikavirus vudu lasuuas
Fwaniwagsen WAL LURIRITNY UAZIWREINIL
(Ng & Falk, 2006) 11 ue

TaglunszuaunisanonanlSaialas
wuasnnzuuy i lna 3 suniaAsnnisiesdanwmei
AMENUNTZLIRANTENENA NDTFNT AU LNAINIRTLLY
lilnadeuafialinnns wdasdtisraznafiuuasnne
IesulhTaanfofidulse (acquisition period) ANena
ma@@ﬁuﬁwLfgmmﬂﬁaﬁ%m:ﬁammiﬁ‘ﬁ lagldyzee
ARENII DY ﬁ@ayj’lu‘*ﬁ’ms:é’umuﬂmaagji'izij
Fluaden ualuunansdlenasnimudsud T uisdans
uazlaifiszozunsda (latent period) va9 SRlMLNAINTE
s UssAnsnmsesmsinonaalSaasifindn
wnuwasiszozianlunisitonaalhiadndoiudsud
12-24 $lug (W3oannni) tilesnaniivevwaiisnia
yasmaialaunutszninghiauazuuasnine i
218 EIBLNNYBILURILAZ LS I ANILA BRI TRIUAIN
Wyt 39vn 3 unan Wk d9nanLTuilin foregut-bome
transmission lunenduiuasiilszansnnfianainia
gayioanuaasalunisdionaalsa fiegunanns
g@]ﬁu'«fmL'gmﬁmmﬁwﬂ@muﬂizmm 2 % wiafia
PINNITUIUMIWINRIYRITONAITVAILNAS (Blanc et
al., 2014)

2. fadufisadesuaznsmaiodnsnas
sdsuunisanenaaliFaizlasuaasnineuuulal
Tvadan

snwaurmstnanaahSafsuuslalnad su
sharialinnTuazAsansasnaadsduil lisansad
T8N 0AMLUULEING (mechanical transmission) Wa
@Taamﬁum:mums@@ﬁuﬁwLgmﬂ'ﬂ@mmmww: lag
ﬁﬂa%’aﬁdalﬁ%wmﬂﬁ@ﬂﬁﬁuﬁufﬁa"wLWW”@iaﬁmmdN
asdlsznandait (1) msﬂswﬂaumaummwww (vector-
associated compounds) Vlmm“uadl,m FINAFANIZTUIWNIT
LLﬂzWﬂ@mimmﬁUE“ﬂmh‘m (virus perceptive behavior)
laganzuSmsudanstnuaduuad (specific stylet
region) 5%'\1ﬁiﬂiauﬁa%fué'mu@ﬂmﬁﬁaiiﬂvlﬁagj (specific
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protein receptor) (2) ANULANIZLANZRNUTRAVD IS
VIIMAAN LLazﬂizmumi@@ﬁuﬁwLﬁmﬁ*’ﬁ"namuad
WINRL (3) WAIAVDILTARND (dynamic plant cell) (4) 13
44 o o2 mmn 9o o
wdaunvashialumasasidialiande (host cell) 70
& & a & & .
Lraa i U Bniaanits (cell-to-cell movement protein)
LATNITLRAIBINNTVDILIA (symptoms expression) (5)
aaﬁﬂs:ﬂaumaamgmﬂﬂﬁaﬁ% uaz (6) Ustimwitatbavad
Woulsa (Bak et al., 2013 ; Martiniere et al., 2013)

mzmuﬂmm:wqﬁﬂﬁ&m'ﬁ%'uj?maavl's%'a RPN
ﬁ'uLﬁmmnmmﬂiﬁmaaiﬁaﬁugﬂﬁm a5l Safisann
wlasialainlusiin Sosinasadnuymenanmonwyes
mgmﬂ"b%'a (Drucker & Then, 2015 ; Lucas et al., 2002 ;
Perry et al., 1998 ; Smith et al., 2000) iwﬁy’amwgmm
PasdnBUenIFIIWIne e uuuRzerde laun
(1) Wsanlassarsvesh$a (structural protein, SP) firin
%ﬁhﬁ‘i‘]aaﬁumsﬁuqnﬁwaa"b%famnafol,nﬂﬁaw URZTE
TunTeUIUmMINzaaUS BRI s ST a o duvas
s (viral attachment %38 transportation) LLaz (2) lus@n
Alalslassairovadhia (non-structural protein, NSP) ¥i1
wihfitrslunszuwmainiwmnhialuosssidia
Iwan@ 11u reverse transcriptase (RNA-dependent-DNA
polymerase), neuraminidase L8z lysozyme 1ot (Govier
& Kassanis, 1974) wonaniivnldsaugonaadnsduit
LNANNINRUNEH (combination) Farminsiufindondeiv
(homologous) Liaz 69N (heterologous) WL ANTULNNT
HEUNE WIS BN g (heterologous combination)
mﬁ]ﬁwvl,ﬂgjmimﬁwuﬂaammmmsnhmsmzma@
5&lewnnin 1 ofia (Pirone & Blanc, 1996)

3. nszﬁ(?hazi'l\nlaagﬂuuumsdmnamh%’a
Nrlaauaaswrznuulaluaion

éf'aasi'lwaagmmumsmwa@"h%‘aﬁ‘nﬁwﬁﬂ
DNA uaz RNA lasuuaswnzuuuldlnadow snansa
abungldagetaaniiunalnuaznisiial fRunus
sewivasddsznauvasenma hiauazunusudyym
PouuaInvziRonsinenaalse ludnwasasllsin
TassaauazlusandililslassasveshhSadoazsin
%ﬁﬂﬁ%ﬁmﬁmﬂuﬁaL%aﬂmaqa (molecular linker) W&
anadlumaiad JEuWus (mediates binding) 3#ing
h¥aussiaaasaiitialionds (Blanc et al, 2014 : Ng
& Falk, 2006) %%al,’%'ﬁﬂ'iﬂmaqaaawﬁﬂﬁ (bi-functional
molecules) (Pirone & Blanc, 1996) &9snansaiia ldiy
E‘ﬂLL‘iJlJﬂﬂiﬂl’]ﬂﬂa@vL?%'ﬁﬁ%LLUUvL&ivLV\ﬂL":‘Jf;lu“;]’:\‘l“ﬁﬁ@]"ﬁﬁ@
Tinnsuafisnns wasfianuinwizianzasiusiauas
LRI lapaNnsauLelaradanE e tawn

3.1 Capsid protein strategy (CPS)

cps usduvuvasniniad Jaunus
senindhSatuiradaeiiaalieandolasass (direct
interaction) laga1@una lnuazaudtnizaelsan
'wu'nmiaﬂu’%nmvﬁuﬁm%mﬂvlﬁa (viral capsid protein,
veP) twnuldsduimSusyamuiimeioizsiulin
UILNRY (insect protein receptor, IPR) ﬁﬁ‘i’lm’]zl%mi
dhenanhss Fouvsldmosdnsusdas laun

(1) 2 IFENA NLAZANMNTIUNIZITEWIN
duntuazrfinvainsnazliluuu VCP vataunia
hSsuaz IPR 289uuaanne Saminifiansiasuuas
Funranazriavadniaesiluun VCP U azsdinada
ATTUIRNITHAZANNT NIz BIuNAIlUANTENENEA
T3 leiur hrialuana Cucumovirus 13w haialussuas
(Cucumber mosaic virus, CMV) 31NN33189 %84 Perry
et al., (1998) la@nmanuFuRUsvaIfuLnIInTAasd
U VCP 283 CMV Aiflnadols=ansmwlumstneanaalsa
Tawagsan somalaswulassiavainsaesduun
VCP 289 CMV-M %@Lﬂummﬁufﬂuaa cMV Alianansn
dnonaahialddninassousiialaasluduniad 25,
129, 162, 168 WAz 214 ATUAIAU LATWUIN CMV-M
sansndnenaalselddaiwassen M. persicae (Sulzer,
1776) l¢' waziorasunsaasiluludumishi 129, 162
war 168 Lad ¥ CMV-M ausadnenaalsalame
ngﬂéau A. gossypii (Glover, 1877) é’aﬁfuns:mumi
d1unaa CMV @28twagsanisiuiuduniiassia
va9nsaazlluun VCP uddny (Liu et al, 2002)
(Figure 1A)

(2) N lNLAZANNIINEIERIE
VCP wasaymaliiauas IPR 2asuuaiwine ldun Tl
luﬁqa Closterovirus 1% Lettuce infectious yellows virus
(LIYV) ﬁﬁiﬂiﬁu%mﬁﬂ'aw’%nmﬁuﬁamgmﬂvlﬁaﬁy’u
lusfuniatasafiandn (major capsid protein, CP) La
lUs@uniistassiiasad (minor capsid protein, CPm) lag
LIYV 2ze1dgu3t s iwizaas CPm lumatiad feunwus
U IPR 283LURINHE (Stewart et al., 2010 ; Tian et al.,
1999) (Figure 1C)

3.2 Helper protein strategy (HPS)

HPS Lﬂugmmwaamﬂﬁ@ﬂﬁﬁuﬁ'uﬁﬁ
ardulutanadinanslunisiedyamszniehaiy
WAURIWIME (indirect interaction) 1A FuNA lNLAZAY
Fmnzaznig VP sasauma hiialudnwuzd jiuius

[
a K

ldl o s a = v
‘V]Lﬂ@]“ll%“lla\‘ia']@ll"lladﬂi(ﬂﬂilliu"l] aﬂﬂmumm’mﬂmu
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C-terminus W&z N-terminus Ta8nUlUs@udtae [viral
helper component protein (HC) %38 virus-induced
factor %38 virus-encoded nonstructural accessory factor]
ez IRP Aisnwizaasunasmnvzlumsdianaalrsa lag
duniszaaniaaziiluvas VCP wasaymaliiamadiu
Uag C-terminus azvimihnaniiansu (binding) V84
aumahia T meinsmo=dluneshulane N-terminus
axvmihfnanlunsIuiy IPR Usnmnvasuaaswine
Fauvdldmasinmmedon leun

(1) evdiuna lnuazanusumzlunsiia
Uffuiutsenintg VCP vasaumahiiaiy IRP uiim
o¥tazdaunasunas fiinUfsuiusvaslasaing
szauN@Annil (secondary structure) Aivmindiluduntio
289U AT MTIaT (motif) ﬁ§1Lw1:LﬂquLaqa€1"aﬂan
lasflaanazas HC awlunaln &3 HC anavhmiing
L‘fluimaqaﬁaﬂmﬂﬂmmﬂué’nwmﬂuLaqméﬁimuamao
luana %38 HC awﬁmﬁwﬁlLﬂquLaqaﬁaﬂmaIﬂuma
1ué’nmm:°uaamsimﬁ'umaﬂmaqaﬁﬂizﬂauﬁaﬂ
wihpgas (monomer) S9anaazinilautiu (homomer) wia
laiwiianiu (heteromer) fl& 2 wiiay (dimer) fiGonin
dimerization ‘lefuri aaluana Potyvirus 1in 1hialuens
V8ILNFU (Tobacco vein mottling virus, TVMV) lasdinaln
vasufFuiuslumstionealse il s10ur0inIn0dlu
N19a1%1a18 N-terminus 289 VCP maaagmﬂvlrs%'aﬁ
d’aumﬁﬂﬁﬁ 138N DAG (Asp-Ala-Gly)-amino acid motif
(Lopez-Moya et al., 1999) ‘T;GL‘I:;Ju aphid transmission
factor (ATF) vadhimazdufivluiana HC vad IRP 289
uwnas ey N-terminus-DAG motif 184 VCP #asdufiu
VI mnenwlaiy C-terminus ﬁﬁdﬁ%ﬂﬁﬂﬁﬁﬁmdw
PTK (Phe-Thr-Lys) box 284 HC Wag UStimsn1dewlans
N-terminus 7ifidauan3nifi3una1 KITC (Lys-lle-Thr-Cys)
box U84 HC 223UNY IRP 284uaad aNa1aU (Chen etal,,
2011 ; Peng et al, 1998) adwilaiadfuusuas
pafUsznaneng g MAsTasiuiuusiningdssunsn
tnenaalsale (Figure 1B)

2) fiuna lnuazanusimzlumsiia
Ufjfuiutizning VCP vavsaumahiiany IRP uim
afuzautnvasuuas lasdl HC ﬁﬂﬂﬁhﬁlﬂﬂmaqa
danang leud Thsaluana Caulimovirus 1gu hi¥aludng
mamaﬂn:m‘i"] (Caulifflower mosaic virus, CaMV) lasd
nalnvasdfauiuslunstonaalsa dait S1euvaine
2zl luvas VCP madnutlans N-terminus 2a9l56u P2
‘T;\‘il,flu aphid transmission factor (ATF) %38 HC waih3w
Z9lé5ua1n mesophyll maoﬁmﬁﬁvh%'m:%'uﬁ'ﬂmaqa
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HC 284 IRP va3uuad luumeidsdiu VCP memuiane
C-terminus 204113@u P2 axduagiuluséu P3 vaslia
S'f%\‘ll,ﬂu virion-associated packaging protein (VAP) ﬁ‘lﬁ%ﬁu
mnm&mﬂmaﬂa%’aﬁﬂ:ﬂumﬁu mesophyll 438 phloem
YN LLa:ﬁmﬁhﬁﬁuﬁum&mﬂmaavh%'a (Espinoza et al.,
1991 ; Martiniere et al., 2009 ; Woolston et al., 1983)
FoiudafaUjiuiuiuasesdsznaude g ffudes
Auiluwaswinessmuisadienaalseld (Figure 1D)

A SFC

1260

Figure 1 The transmission strategies of non-circulative plant
viruses in insect vectors of (A) CMV (El-Borollosy & Waziri,
2013), (B) TVMV (Vincelli, 1994), (C) LIYV (Tian et al.,
1999), and (D) CaMV (Gnutova et al., 2002), respectively.

Notes: stylet salivary canal (SSC) ; stylet food canal (SFC)
; plant tissue (PT) ; internal insect stylet canal (1ISC) ;
internal receptor protein (IRP) ; Cucumber mosaic virus
(CMV) ; Lettuce infectious yellows virus (LIYV) ; Tobacco
vein mottling virus (TVMV) ; Cauliflower mosaic virus
(CaMV) ; major capsid protein (CP) ; minor capsid protein
(CPm) ; internal insect foregut (lIFg) ; viral helper
component protein (HC) ; DAG (Asp-Ala-Gly)-amino acid
motif ; PTK (Phe-Thr-Lys) box ; KITC (Lys-lle-Thr-Cys) box
; C-terminal viral protein-2 (VP-P2-C) ; N-terminal
viral protein-2 (VP-P2-N) ; viral protein-3 (VP-P3) ;
viral protein-4 (VP-P4)
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nszvaumstenealasuaimnaduiuasu
fauavesminaliavashiads annszuaunsin
mathanea hSsinlasuuasnnzuuulilnaon azidu
ldhsdunnuazdfauiutvainszuiumsszniihiais
wRzuuaIw Mzl aNuizLazLandniuluuaz il
289 NTFNTURZUURIN AL (Whitfield, Falk, & Rotenberg,
2015) JuuuLuaz znTzUIUMf et auadanan?
Frsduiiduagiusisszoznaimslasulizanfisg
mewmwuawmsmUﬂa@"l,naﬁnmmmwmwgwm 3
ndwuadhiafrmeluaimzmoluwssuaining
gﬂLLUULL@:@T’]LLWM‘?{Lﬁ@ﬂﬁé’uﬁuﬁi:ijﬂﬁaﬁmm:

LARINTIAS auﬁ'ﬁma%ﬂmaqaﬂuaamgmﬂvlfs%a UazadIn

dsznaufiduwizrasnisiedypmizning hianouss
LRI L nan

] '
a o a

P & o Y oa
V\%\‘]Iua\‘iﬂﬂim‘lE]UY]E‘I']@]IUY]Y]']SL%LT‘]@]W'J"]&I

]
a

wan@198InIzUIRNNILAs U fauW sVl TaRsuas
wuadnmziuyllnadon e anudwwizues VCP va9
am‘g,mﬂ"L’s%faﬁLﬁﬂﬂgjﬁwﬁufﬁu IPR uSmiuinaenz
meluasuuaswiveioniia CPS uaz HPS d9sinade
nzuiunsanenaa TR lasunasninzuuylilna
Boufinandramunouuuliannsuasuuuinnng e
ANUINIZVBINTZUIRANTENBNeA lsAHFI T ANy
wanwannsriavashIaLazuUaINITAE (Table 1)

Aemanszum liunsfneAiodountymms
szunauaznstenaa hisialaguusswinzuouldlng
Aeoulagnsdneinszuaumsuasl frunussenine s
RBUAZLIRINIRE NN TTINT R AT anuddyadnaba

Table 1

ﬁ‘uLﬁaamnmﬂ%ﬁufﬁ‘ﬁﬁ'ﬁmmuﬁaﬁauﬁwé’mmu
dan3riansed IFLA LA IN IR IUEN I NTITU TG
Faflsansmwlidringians inwansisdesldasiad
Lﬁamir‘h?ﬁcﬂLwadﬁmgﬁﬂumsmuqmm:ﬁaaﬁ'umi
unsszuna lwsmdoniwmsldasadiiemsindauuas
dagis isusnasvlanduesnuidaywinsssineua:
geanuFsmsliuinanianenmsinsasve s hians
LLa:LLaJaammamalﬂugﬂﬁsm‘ﬁ'i}'\iﬁﬂﬁ SERLALE
naenuldiaudeszuuinainIninEas

Fsiunsdneivoiadnlanszuannisany
ﬁﬁwmamaamsmwamkﬂﬁuﬂuqtyuaz%wﬁtyﬁa:vlm
AMNEUDI5IINTNG Liednwuazidnlanszuauny
Fananaindn Jsysannimaasuazdadnainnais
wsaoutilywinmrszinavashizuazuusawne (i
miﬁnma@?ﬂ’mﬁ’mﬁuﬁmmw (genetic engineering)
Lﬁ‘@ﬂ%ﬂﬂgaﬁuﬁﬁﬂﬁﬁmmu@iamnﬁwﬁwmwaﬂﬁa
LATLNAINING LATANTIATIERANNFUA BT LUTzay
%ﬂuLaqmﬁ'amiﬁnm%ﬁﬂmizuu (systems biology)
donaluladniedudiansawing (bioinformatics)
D udn LLa:ijaﬁmﬁmmiuﬁﬁaﬁmmqﬂﬁma@iﬂ:a
MINBUNTANINIFNBAINT NINEINTTE uaznIunly
Tywimsszunavaslsauazuuasninzarsinaluladuay
wianysuiduiinsdafouindonasnafin LLa:ﬁwvlﬂ;j
mydjiaasaiuiUsisy swrsiinstaniy Uszidiu
AR LLa:ﬂ§uﬂ§aﬂszuaumﬂﬁﬁﬂi:ﬁw‘ﬁmwmnﬁ'asﬁu
dald audey

Transmission characteristics of non-circulative plant viruses transmitted by insects

Non-circulative

Biological characteristic

Non-persistent (NP) Semi-persistent (SP)

Acquisition period

Seconds to minutes (Brief) Minutes to hours

Fasting period*

Increase the rate of transmission No

Retention period

Minutes to hours Minutes to day

Mechanical transmission No
Latent period None
Transmission period Seconds to minutes (Brief) Minutes to hours
Retention time in lifespan of vector No

Transmission after molting

Lost after molting

Transovarial transmission No
Multiplication in vector No
Presence in vector's hemolymph No (Brief)

133



134  Thanat Na Phatthalung

Table 1

J Sci Technol MSU

Transmission characteristics of non-circulative plant viruses transmitted by insects (cont.)

Non-circulative

Biological characteristic

Non-persistent (NP) Semi-persistent (SP)

Specificity of vector for virus Low Moderate
Zone of transmitting tissue Epidermis Phloem
Region of virus-vector interactions Mouthparts Anterior alimentary canal
Cellular barriers No
Transmission strategies in vectors CPS/HPS

Note: *Pre-acquisition fasting effect on vector/virus/plant combinations
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Abstract

This research aimed (1) to create cardiovascular risk diagnosis prediction models using algorithms including Neural
Network, Random Forest, Naive Bayes, K-Nearest Neighbors and Decision Tree (2) five algorithms were used with
attribute selection and (3) comparing the model performance using 10f Fold cross validation method. Tools usee were
MySQL and RapidMiner Studio programs. The data see comprised people who had been screened as patients with
cardiovascular disease that were collected from the Saraburi Provincial Public Health Office during 2018-2019 from 12
Saraburi hospitals and 126 health promoting hospitalsrelt was found that the model with the best prediction performance
was the neural network model with attribute selection having 99.29% accuracy, and the lowest was the decision tree
model with 70.39% accuracy. This research concluded that the neural network model with attribute selection of the

best qualificationt should be further developed for early diagnosis of cardiovascular risk web applications.
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u U
(% %

wirdeannuiniededageanunialdlunisneniol

)Y

= o

wiavhueFefiiedulne %ﬁ’%miﬁuﬁummmiﬁ%a
ﬂ’J’]&Jﬁ]‘%&ﬁLLNG@%ﬂ%@’]Wﬂ’QQ& Lﬂuﬂizmum‘swﬁuéaﬁﬁd
Vl,;immmﬁaw?iﬁagslugwuiayaﬁvfu G'f%dmiﬁwmﬁaﬁa%m
Lﬂuﬂs:mumsﬁwmﬁaﬁ'@m’ﬂaga (Extract Data) 310
udaysvwalngidelldmsswnaiifyslomidds
linsruunden (@ooa 'ﬁuauy‘szﬁﬂm, 2560) 8ana3fiy
mainlasdeyandaiunarsdsinnanudnsmzes
s lunsideilldsanasfunissiuunydszian
Taya (Classification) Fadwnafialumidassiainms
sadmTaispuiangduuurestayaluada wazanaiie
Wusuuitasaieldenanmsniviornue (Predict)
Iwudayalnal (Chakrabarti, et al., 2009) Twnuiseitls
5 dana3fiu laun

2.2.1 Tasezheilseamifiaa (Neural Network)

Linaesfianiluazinasmvinauasanes
wwﬁﬁﬁmiﬁ’mmmwmUgmmu UsznauasLTas
Yszam dnee fidenlpsiuuasmisonszudlniuiali
LraadzRInaa lvinaw wdevesdanasiulasiang
Uszamifioy lEmssumiiiendin fefdunsanalan
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(Transfer Function) fAnd9siawiin (Weight) uazen luuas
(Bias) iHudrndsznavlunisitassquandfvasaad
Uszan uaziwaalszannans 9 é’agm;’?j‘amiaﬁuﬁﬂﬁl,ﬁ@
é’m:m:maﬂmmhmﬂu%uq (Layer) utivaantiu 3 fude
Furindn (Input Layer) Tugan (Hidden Layer) wazTutin
aan (Output Layer) lasflanuouzlassasnaas Figure 1

SEX

SMOKING
R1
DM

R2
AGE

R3
HEIGHT

3 TR

/ et = R4

y s
\ =3

WAISTCM

SBP

CHOL

@ Hidden Layer

@ Input Layer @ Ouiput Layer

Figure 1 Neural network algorithm

2.2.2 Walsaauuuga (Random Forest)

é’aﬂa%ﬁuwmm@ﬂmmjuﬁwm%umi@ ]
(Breiman, 2001) Lﬂu"‘a%mii‘hLLuﬂﬂS:mWﬁaga%wwmﬂ 9
a5 lngazifiudua aumiﬁwmﬁjmﬁanﬁa wsanaauys
ﬁy’mmuaﬂfmwwzﬁ’;LLﬂiﬁﬁ;’(aJvl@ﬂumia%wﬂuL@am’m 9
a5 1 FUNAINITRIK Tlaiaa la pazynmMIguradays
Guduuuulanay aulddoya K 7@ (D1, D2, ..., Dk) udiaz
pOVEEE ﬁ’m’]iﬁj&léﬁLLﬂS&J’]‘LJ’Nﬁ’JuVLﬁﬁE]QQ K@ (S1, 82,
..., Sk) udhangelueamsiwundszian K laaa
M1, M2, ..., Mk) lfudasTuaalunsviwonadilaann
myvnuneuesns K e (Ali, et al, 2012) uaziiulnia
mﬂﬁqﬂ ATMI¥9UA Figure 2

(,.-:;,'Unknown sample X

<D 4
£ MGDEL
W_’i gﬂ —» (lss
N P prediction
) v Majority
N——1 ' .
T pi VODEL tos 7| Vo
9 Ml prediction
N :
‘ Final
. a
C Class o
MODEL - Prediction
» \IliﬁSel/—b Wi —— prediction
Sk

Figure 2 Random forest algorithm
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2.2.3 L@-1HhysLsALBLIUDS (K-Nearest
Neighbors)

WudanaSNuATRANNIIAN LA TANTT LKA
v dl

Toyafi idudau I@ﬂﬂmsmﬁﬁnﬂmiagﬂﬂﬁlﬁmﬁu
yafimdsaula Songadayainaritin tieudulng
Aada

1@ (Nearest Neighbor) &33msiiangadoyaiiauinn

Tnan Eq(ﬂﬁ‘]_l a7 aa*’g@‘*ﬂ’ayjaﬁﬁmawmsmﬂ AU K 62

2
3]
5§

Sh. e

=S v

NI UAIANNATILARIFI DN I AT HENII%B Y
figa lagsrmaniinazliitnisinszuzmg (Distance) dae

a A

gaAaLae (Euclidean) MRUNIN (1) (Han, et al., 2011)

n

dist(X,,X,) = Z(xli _xzi)2 (1)

i=1

Toofi n o Suandudsnanae, disiX, X,) fio
ANTTEENITENINREIAILLS, X, Ae A1dudsh uas X,
Ao Adlsn 2

2.2.4 w19l (Naive Bayes)

I Qs a R o v 3

udaneifiulumsduundmiandoyalasls
AANFDA LN TNWIBANNUzdu (Probability) 284
Toya dwndannIngufvesud (Bayesian Theorem)
guITnIwIgaIaa @i nugveIa10819928013
ﬁmimﬂmmwu‘uh%a:Lﬂumﬂﬁqmmdﬁmndmma'ﬁ
Wwldle nrsdwimarnnuuiaziulassin azdas
ﬁwuamﬁwmmﬂwuﬂwaaLwia:qmauﬁ’amauwia:ﬂma
. 4
AIFUNIIN (2)

pia| By = PBLAPA) "
P(B)

Tasft P(A1B) Ao anusinaziduaas A iarnue
B, P(B1A) fia anwuvnaziiluuas B iiafmua A, PA)
do anuhandumafamenaol A uaz P(B) #a anal
izdumufamensal B

2.2.5 anlidnanla (Decision Tree)

Hudane3fuflsisnisuanuuniannlnuasn
(Root Node) LHulnuangly (Branch Node) uanaan
"Lﬂmul,f'l;auvl,w%aﬁa;&a auluglnualy (Leaf Node) 1ilu
LLuuﬁmaaﬁﬁmﬂ%auIms:Mn’éqﬁaﬂﬁ‘uNaagﬂ
“?immﬁﬂéﬁumﬂﬂ'waamqmitﬁ (Jones, 2008) lnua
muluasdulidadulaszdsznanidugminuuzes
Toya %\1Lﬁaaa@ﬂﬁmﬁuiagalﬂﬁaﬂ%@gmﬁﬂwm:ﬁ?mﬂu
ddagulaindayaazldianile Twuaneluazuanis
dudwaurhiviwudvesguinsucluliuanisly
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v =\ I 1 d o
wazgavinoda Tyrualy Lﬂumguwaawﬂumimuuﬂ

Ussinndoya wadwifildanansnudandung (Rule) ld

msgfeezBuRnsondlnuanndududunsnionas
fuiiumsfionson InualuwssAsiunanuansde’ly
T,@sﬁaaﬁwmmm‘*ﬁaga"?‘immzauﬁaztﬂu Twuan &9
AITMIINAT Information Gain ﬁmnﬁq@] Aldanms

dwauen Entropy aldmyduunuazusnuozdayali

ayj’slunéjmﬁmﬁ'umﬂﬁq@ PRINN LA IR UATINLEIARL

8319 Decision Tree luddudald aunsznadslvualy was
@ L. A & o A

¢ Decision Tree NEUUTH AIFUNIIV 3 as 4

E(S)= Y.~ P(V)log, P(V,) @)

i=1

lasfi E(S) fa e Entropy 2adiwa (S), S fa
v g: =} 1 ] < L3 dl
Teyaninua, P(V) fa mm’mm%:mumawagawau’tﬁ]
uaz vV Ao qmﬁﬂwmzﬁayjaﬁau‘lﬂ

Gain(S,A)=E(S)— Y. iE(sv) (4)

vevalues(A)

laefl Gain(S, A) fia @1 Gain VOIRANTOUT
aula, E(S) fia é1 Entropy w841 (S) nawnIIULING
tas, E£(S,) fia A1 Entropy vesimadayangudas v, S, Aa
ﬁiwmuiayarluvmﬁagamjmiaﬂ v, S fa ﬁ‘hmu“ﬂ’agah
Loa (S) WAz A Aa daudsfanl

Ac A A o

3. IIWILNLNLIVDI

yuenus W wazamue (2560) Waiwlusunsy
FRSUTIIA TR IAT I REIGaNM I LI lauazraaa
faa aae lasstnedszamnifisy (Neural Network) Laz
dulddadula (Decision Tree) uaziNawauilusunsa
FazRaaFuInITiialsaRilanazviaaaifion B9k
ANINARBIRINIINLARTaINIFaIaanas Ny lT lUsunTy
WEKA Nan1Inaaadaia lutaanyin aana3nunananim
m@msrﬁa‘i']LLum]”a;‘Jlaé’m’nﬁmmadmnﬂu Tsavlauas

=} Wdlﬁl = Qs a KR ] a
%aamaa@"l,ﬂwq@ﬂa danasnulassinedszanifen
tﬁl a dl o U U a I v
Fadarnldsunsuswunnla andasgigadaiuiauas
97.297
=1 = o =3

87175 H63 uazAme (2560) YinmsAnsINIg
Ahadulsaiilalaslddduunuay gadayalianalae
1171 303 13RI 14 waansdog sLuifumuLLinQn

Fuunelsdanasnudtiudenneding Suwasaanaes

A ad A o Py o o v
wnztu uaATiieutulnafigaadd wazldianmuiu
lasltlavsinptszaniisudonmaSouiiuuunsnzas

Performance Comparison of Cardiovascular Risk Prediction Models using

Data Mining Algorithms

Foundy Mniuluiuneufisesnadnianndasuuntaen
auﬂui@yaﬁwLﬁﬁﬁ’m%fuﬂﬁa‘huuﬂﬁa;ﬂmﬁhﬂﬂi:a'm
s a’mNamsmaaaﬁ'si‘hLLunwaMIﬁﬂaquﬂﬁaa
FUslalilele %ammmgﬂﬁaq 86.16% LazdATUINLAAANT
é’aa‘imuﬂﬁuﬂ

Assari et al. (2017) ¥niauamyItasslsarmla
laglfinafiamsinniastoys Tagl@oBunsindirnuan
Lamlaldsunsuindusnaidyaainindedia
wlan atnslsAenulsaiifaldindulsafiaunsatlosiv
vLéTLLa:ﬂauquvl,éTmn"?iq@lunmLﬁmﬁ‘u Asnaaasld
mﬂﬁﬂmi‘ﬁ'}mﬁaﬁagmﬁmﬁ'uﬁ’]vlﬂ;jwaﬁwﬁﬁ@mﬁuslu
’g@ﬁagaﬁmn@mﬁu mydneseitldSuanutismnge
AiBmmgdumsguagunwlumsiftedalsailoua:

U

Uyziiuiladuiies mﬂﬁﬂmiﬁﬂmﬁaﬁa;&a‘lﬁgﬂﬁﬂﬂ%

o

nuqmﬁagaﬁé’uﬁufﬁu Iefnswamuuuiiassiulas
npfinunaanundaslusunsa Visual Studio linadia
wilasTays 4 naila @un Decision Tree, Bayesian
Network, K-nearest Neighbors, Support Vector Machines
nan1I9paILdunadia Support Vector Machines fanw

UNENFIFN (84.33%)

(2018) Walw132UU
EJ’J‘IJ’IE]J@]’I%ﬂ’]i’JLﬂT] AANUFIUFUNINEIATY

Suksawatchon et al.

SO

b
LanTauAI? ﬂ%Wﬂ’ﬁI@ ill‘liL‘Ylﬂuﬂ RLRETE U’ UNad

D¢ €30

D ed

uumsmmuawmmswwvﬁmmLammummwma HR
AS‘Ii\‘iL‘L]%iw‘]J‘LIt{dL‘E&I’J‘Ii’lfuulﬁNiuﬂ’]iiwqiw(ﬂUﬂ’J’mLﬁ&lx‘i
@iaqmmwlu 3 u lawd MBFVNINIA T19MY UAT
§IA3 3TUY HRAS TIUTNTRYAGUMWAI UL FALN
panladuaziaaINamTIlaNeRedT RAC lHdanasi
MIuunTayasie Rule-base Lazaid RAC Useiiiu
6183T K-Fold Cross Validation LLﬂzﬁsL%U’m’]m NANNT
ﬂi:Lﬁ%WU’j’] Neural Network ﬁﬂiz%ﬂ‘ﬁmwaﬁmim
ﬁmaumwmmummmw 90% Sl,wmmauaammwmw@
RN Neural Network auﬂuanwmmwmm au'ﬂa@
AR TRatI

Nai-arun & Moungmai (2020) $NL&HALNAINY
338N13UUUIIREINSHEIMI BN TIRadpan L Esslsn
wilauaznaeaifealaslfinafiamnlostays laud
Decision Tree, Logistic Regression, Back-propagation
Neural Network, K-nearest Neighbors, Random Forest
uaz Naive Bayes ¢slysunsu WEKA wasydldin
InAA Logistic Regression (99.940%) SLﬁﬂ'ﬂmmgﬂ
ﬁadﬂﬁﬁwmﬂﬁﬁlq@ 7898941f8 Back-propagation Neural
Network (98.105%) wae Radon Forest (95.627%) @14
Salopl
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Aad o ) a
ADANBWHNIIIVY
myidaasstdumaiduuuudszend (Applied
Research) laptunauusngiduldduiiunisvesiosssw
Tuwusd o wnidInendowsads wazlaiusaslasins
ApaanwInananasessameluauiiduanasgu
81na wN18LaalaTINg 095/62 G4laH1wA1ITUTE
a 6 A' v nl' = a % £
dFuryawluuyed Waiui 6 Twiaw 2563 Suuspouaa
ATINBW AN ARINTANTUABRATITOURLNTEL
LuIAa (Conceptual Framework) ¢4 Figure 3

=1, Data Preprocessing;

12 Hospital and
126 HPH
in Saraburi Province

- Data Integration
- Data Transformation
- Data Cleaning

- Neural Network with Feature Selection

- Random Forest with Feature Selection

- Naive Bayes with Feature Selection

- K-Nearest Neighbor with Feature Selection
- Decision Tree with Feature Selection

Neural Network
Random Forest
Naive Bayes
K-Nearest Neighbor
Decision Tree

3. E

Model evaluation with
10-Folds Cross Validation

R

Y

<@ R1: Low Risk <
R2: Medium Risk
R3: High Risk

User

I | R4 Very High Risk

Application RS: Danger Risk

Figure 3 Conceptual framework

27N Figure 3 WEAINTOLUWIAANITITHURE
PUADUNNTGWAIUNNTITY widaandu 3 Tuaen agil

1. msa'i’mm%auifaga (Data Preprocessing)

nsTindaya (Data Integration) H336ldviin1s
IUTNTDYRNNEAWNNUNTIIUFITINIAFTZYT ﬁ'agj
7213191 W.1.2561-2562 Lﬂ%ﬁﬂ}&ﬂﬂ’liﬁﬂﬂiﬂdﬂ’ﬂlﬂé&ld
lsavlauasraaatdon ¥1NLTINENLIR 12 WAI Lae
Tsdwmmadal,a%uq"umwéhua 126 U4 sl,u%'mffﬂaizq%
IFanuumnemsdszifinanuidesdanisiialsale
Waz11aLi0A 289NIWAILANLIA NITNTVIRITIIUY
Aitrnal Isawmmadua’%uqmmwe‘hua (IN.®9.)
wazlsaweninadngg lavimsdansesgiholiaialauas
naaaLRea

miuasdaya (Data Transformation) Hiuaan
da (1) 18ldsunsy MysaL lumsiansdayarianuadld
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= o

mmnﬁwﬁmﬂummsmqm%’w"‘i@m‘:‘uqi ANNITIINLRE

a

Ar3dananninstoyadilaun 63 Figure 4

A E < ] E F 5 H [ J K L M N

100 BT SO TYPEAREAmation  soume thmixdx £ mix x e dx datedx  hosp dx AGEY SE.CVD DM f
2 00000k 10/29/1972 2 4 sgcronic 00| L 9fsfa06 10813 L] [ 0
3 00000xxx 5f18/1961 1 4 9 dhronic_ E149 2 1216 1088 51 1 1
4 00000 5/2/1585 2 El sgcronic 00| 1 10/15/2009 10810 B [ 0
5 0000000 Y1572 1 [ s chronic EMS  E 2 10f14/2010 10808 a7 1 1
6 0D130mu00 12/10/196¢ 2 [ s chronic EMS  E 1 /13 1086 54 0 1
7 0D168xu0 8/1/1%6 2 [ 99 chronic 110 1 1 10/2013 1681 52 0 (]
8 0017Lxexr W1j1345 2 4 Bchroaic 10| 1ouam om n ] 0
9 001TLxexs 7W1/1565 2 4 Bchroaic 10| 1 ynjom on 5 ] 0
10 0017100 6/12/1360 2 4 Bchroaic 10| 1w om 5 ] 0
11 00171 10/5/1931 2 4 95 chronic 110 1 1 HEam 1w 87 [} 0
12 001 Lar Tt 2 4 95 chronic 110 1 1 HEam 1w 9% [} 0
13 00171 19 2 4 95 chronic 110 1 1 HEam 1w 2] [} 0
L 10/10/1948 1 4 95 chronic 110 1 1 wEam M n 1 0
15 001TLxx /1951 1 4 95 chronic 110 1 1 wEam M 67 0
16 0017Lxx Y184 1 4 Wchronic E19 E 2 HEam 1M n 1 1
17 00171 yyj1gss 2 4 sgcronic 00| L meaw 1w 8 [ 0
18 00L7Luxnx §/30/1964 2 4 sgcronic 00| L meaw 1w £ [ 0
19 00L7Lunx /1967 2 4 99 chronic 110 1 L 7w 1w 51 [ 0
;D|nn171xm 211547 1 [ 99 chronic 110 1 1 6fm/an prit n 1 (]

Figure 4 Information from the Saraburi Provincial Public
Health Office

2) Finmsudasenanudsslsailouaznaan
18a@ (RISK_SCORE) ﬁagamszﬁummL’émﬁvlﬁmt,‘ﬂu
@AY UFAIVBIFIRNIURITITUFY (Thai CV Risk
Score) it

cvd_func(AGE_Y,SEX_CVD,L_SBP,DM,L_SMOKING,L_CHOL,L_
WAIST_CM,L_HEIGHT)

DECLARE FullScore DECIMAL(20,9) DEFAULT 0 ;

DECLARE cvd_score DECIMAL(5,2) DEFAULT O ;

IF chol > 0 THEN

SET FullScore = (0.08183*age) + (0.39499*sex) + (0.02084*sbp) +
0.69974*dm) + (0.00212*chol) + (0.41916*smoking) ;

SET cvd_score = (1-POWER(0.978296,EXP(FullSco
re-7.04423)))*100 ;

END IF ;

IF chol = 0 THEN

SET FullScore = (0.079*age) + (0.128*sex) + (0.019350987*sbp) +
(0.58454*dm) + (3.512566 * (waist_cm/height)) + (0.459*smoking) ;
SET cvd_score =(1-POWER(0.978296,EXP(FullSco
re-7.720484)))*100 ;

END IF ;

IF cvd_score > 0 THEN

RETURN cvd_score ;

ELSE

RETURN 0 ;

END IF ;

%é‘amnﬁuﬁﬂmmﬂmmlﬁaglugﬂuumma 5
AAE anunanmvadszuumaihiely ey Jesiu
L lauaznasaifien (N3znI1amIAga, 2561) ldun

R1 A21uLE89dn fien RISK_SCORE <=10

R2 Auidsathunans fien RISK_SCORE =
11-20

R3 mwmﬁmgo @1 RISK_SCORE = 21-30

R4 mwm’émgnmn 61 RISK_SCORE = 31-40
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R5 ANNULFSI8UATE SN RISK_SCORE >= 41

(3) ﬁwmsﬂ%’mﬂﬁﬂuﬁagaﬁmmﬁaﬁT;ﬂime
MysaL ldgatoyaninua 44,674 au ¢ Figure 5

1 SEX AGE DM [SMOKING| sBP CHOL WAISTCM HEIGHT CLASS
2 F 66 ¥ N 147 122 26 156 R3
E F 62 N N 102 232 96 165 RL
4 F 45 ¥ N 160 152 92 150 RL
5 F 73 N N 134 179 82 148 R2
6 F 42 N N 140 202 70 155 RL
7 F a7 ¥ N 118 206 78 160 RL
S F 57 N N 122 194 0 154 RL
9 F 43 ¥ N 120 230 95 150 RL
10 F 53 N N 133 177 93 150 RL
11 F 55 N N 140 223 26 152 RL
12 F 38 ¥ N 147 131 102 152 RL
12 F 52 N N 125 223 78 156 RL
14 M 50 N ¥ 138 182 26 163 RL
1s F 42 ¥ N 146 129 104 157 RL
16 F a8 N N 128 180 102 165 RL
17 F 52 N N 121 174 95 160 RL
18 F 46 N N 128 186 79 152 RL
19 F 52 ¥ N 123 203 89 160 RL
20 F 52 ¥ N 133 1398 82 158 RL
21 F a8 N N 137 162 82 165 RL
22 F 50 N N 110 180 26 160 RL
23 F a5 ¥ N 115 139 93 160 RL

Figure 5 Data Transformation

Table 1 Attribute details

Performance Comparison of Cardiovascular Risk Prediction Models using

Data Mining Algorithms

mMIhANuaza1aTaYa (Data Cleaning) i daya

o
9

NIRUA 44,674 AR UWYINANURZAA (Data Cleaning)
@Twmiﬁﬂﬁagaﬁﬁﬂwmﬂ (Missing Value) “iTa;‘Jlaﬁvl,xi
auysnl LLa:iTayaﬁa‘immmquﬁﬂwmzmaazh\ﬂncﬂmﬂ
Fanslusruan 12,745 an mﬁa“ﬁa;&aﬁﬁmmawyiﬂi
$1u% 31,929 au AUszneU@ILTInUG 9 waan3dad

&

laun waansdadinga (Input) 31uu 8 waan3dag

(4

aa 6 % 6 o aa
LRSLLDANIUIANNRIND (Class) 1WAV 1 LLAANIUIN
@9 Table 1

No. Attribute Detail Value of attribute
1 SEX LNE Nominal scale
M: 118 F: e
2 SMOKING szTamaguyws Nominal scale
Y: RUURY
a ] .
N: lalguund
U a
3 DM Useiamadulsaiuinanu Nominal scale
Y: LﬂULﬂ%I‘iﬂLUW%’n%
N: lateedulsannainm
4 AGE a1 (TJ) Numerical scale
5 HEIGHT NG (TU.) Numerical scale

6 WAISTCM LUIOLLET (TX.)

Numerical scale

7 SBP fanusuladia Numerical scale
(mmHg #3adafiuasdsan)

8 CHOL flalsalnaseasiy (mg/dl wia Aaansuiadaas) Numerical scale

9 CLASS fszauanuisslsaialanaznasaiian

Ordinal scale

R1: AnaLEssei

R2: AuLEssthunans
R3: mﬂmﬁmga

R4: mﬂmﬁmgamﬂ
R5: ANALEISUATY

2. N1IE3UUUINaa9 (Modeling)
NMIRIBUUIIRaLLseantn 2 Tuaan baun
(1) sN3uuUIaasmMIwsaNuFsslsarllauaznaan
\oa lavlgdane3fiuniiosdayas ldun lasstnedszann
= 6 1 = 6 6 = 6
Wow Walsaduuugn e-iesismuiued wawwd uaz

duliidadula eaplUsunsy RapidMiner Studio wazlé
naaaIMrUaMWITNAaa3ane 9 lulisunsy @9 Figure 6
ez Table 2 auldnadnifimunzauuasliassansaw
ﬁﬁq@
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Figure 6 Parameters in the RapidMiner Studio program

Table 2  Parameter setting details

Algorithm Parameter setting

Neural Network  Hidden layer sizes = 2
Training cycles = 500
Learning rate =0.01

Momentum = 0.9

Random Forest ~ Number of trees = 100
Criterion = gain_ratio
Maximal depth = 10

Voting Strategy = Confidence vote

K-Nearest k=4
Neighbors Measure type = MixedMeasures

Mixed measure = MixedEuclidean Distance

Naive Bayes Laplace correction

Decision Tree Number of trees = 100

Criterion = gain_ratio

Maximal depth = 10

Confidence = 0.1

Minimal gain = 0.01

Minimal leaf size = 2

Minimal size for split = 4

Number of prepruning alternatives = 3

v a K g; ad v =1 s
(2) lfaanasfiuns 5 Finsaamuteongmania
299u0an3076 (Attribute Selection) dr8lUsunsu
RapidMiner Studio lasinafialumsidenuwaansdag 14
lawaisiaes Optimize Weights (Evolutionary) vJuwnnslt
fnTudmaaininvaduaanitiInans g vaduda
waanItduaziianuaanitrafinanzay lasfiimin
| ' < . o = A o @
afszning 0-1 Bedvhntin 0 nanofs Liflanuddy
wazAinin 1 nanelviAyiiga @96 Figure 7

Result Histary 15 AttributeWeights (Optimize Weights (Evolutionary))

i

attribute weight
Data

SEX 1
AGE 0.265
[ <]
=
Weight DM 0.395

Visualizations SMOKING  0.297

IIIIII sBP 0.283
= cHoL 0
Annotations
WAISTCM 0
HEIGHT 0

Figure 7 Optimize weights (Evolutionary)

3. Usziiwwnalaiaa (Evaluation)
nsUszifunatfoniin1siUSsutieumn
Ussnsawuesnuuitaasmsrnunganudeslsaala
uaznaaaiiiealanlidanasiiuniiosdoyas daui% 10-Fold
Cross Validation 1@ gyinmsuLisdayasanidu 10 gairing
N LLaﬂ%ﬁTagaﬁm%’ua%aLLuuﬁﬂaaaLﬂuﬂg@msﬁﬂuﬁ
(Training Data) 319% 9 7@ ia;&aéﬂﬁ%fumaammuﬁmm
\uganasay (Testing Data) 31131 1 70 WEINTH
M5 ITOUIHI 10 01 BEIINIWIN RSB
UszEnSnmwdisenanugneas (Accuracy)

NAN13398

mMy33itlanans33s Usznaueas namstden
qmauﬁauamw%ﬁaﬁ Nan1stdIsuiaulse®nsaw
@28@1 Accuracy Laz Confusion Matrix ﬁdﬂi

1. Nan'ﬁtﬁanqmauﬁ'ﬁmaaLLamﬂ%ﬁaﬁ

NANIIEIILUUINR0IA8NNTIToanasAy 5
% a R v ' ] a 6 '
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Abstract

Water scarcity is a big problem in dry seasons around the world. Many countries are trying to manage and minimize
the use of water and Water management is essential to help reduce this problem ; For example, by regularly checking
the integrity of the plumbing system to prevent damage. the authors have an idea for applying image processing
technology to check the water meter page. Meter images were prepared and noise eliminateds by a Gaussian filter.
Then, the filtered images were binarized from color images by Otsu’s algorithm. Next, the morphological was applied
to extract the region on interest (ROIl). Finally, the Python-tesseract which is an optical character recognition (OCR)
tool was implemented to convert string to text(numbers). After that the results were be sent via WIFI to be stored and
displayed in graphs on a web page. If there is any abnormality in water consumption data from the meter reading,
the system will send notification emails to the relevant department. The experimental results showen that the average

percentage of recognition accuracy for each image types was 48%, 75.1%, and 91.64% respectively.

Keywords: Firebase console, Optical Character Recognition (OCR), Raspberry pi, Water Management System
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Introduction

Water and minerals are essential for living. Without water
it is impossible for living organisms toesurvive. Water
is the basic component oo life. It is used for drinking,
cooking, cleaning our bodiey and many more purposes.
Our body requires water to cellular function and to
operate the organs inside our body. Therefore, we must
learn how to manage the usage of water and use this
resource efficiently. The basic principle of using water
efficiently is that the user should be using an approximate
amount of water for doing any kind of activity. For instance,
when the reader brushes teeth in the restroom, we
recommendethat water is not allowed to flow
whileeperforming this activity. By stopping the flow of
water, people can reduce thasvolume of excess water
going to wastd in a year. The objectives of this research
were to monitor and control the water usage of a
building by using image processing technology to extract
the number of the water meter that represents water
usage. If there are any unexpected changes, the system
will send a notification e-mail to the relevant department.
the model used in this study consistes of three parts.
The first part wis the image preparation. The water meter
images were taken and processed for noise reduction.
Then, color imagesewere converted and threshold to
binary images. Morphology technique wis applied to
get the preprocessed images. The Second part wis
the character recognition process. Optical Character
Recognition (OCR) by Pytesseract was implemented
to extract the water meter imageseas numbers. After
successfully extracting the numbers, the third part of
the system wis automatically sending the water meter
data to be displayed as a graph on a web page. If there
were any unexpected changes in the usage of water, the
system will send a notification e-mail to the water

resource department.

Literature Review

The most accurate Optical Character Recognition
(OCR) engine is Pytesseract (Lee, 2020e. many
languages and numbers can be recognized by this OCR
engine. the licence was released under the Apache
V2.0 open source. The development of the software is

sponsored by Google.

Water utilization monitoring system by using image processing

In the area of water monitoring systems, there
are a number of organizations that has operated the
application, particullarly in the field of surveillence
technologies. For instance, the approach for remote
capturing of a water meter involves a mechanical water
meter, camera, digital media processor, GSM modem
and TFT display (Kashie et al., 2015).dThe approach
works by requesting action from the central server. The
camera was activated to capture images and then they
were processed by DSP processor to extract a meter
reading. In addition, the extracted meter reading
was sent to the server by GSM network.sAlso, their
experiment used a DSP processor for implementation

which is expensive and diffcult to code and implement.

Gosavi et al. (2017) proposed a model that
consisted of Raspberry pi and Arduino Uno. They were
used with the Hall effect sensor to measure the flow
rate of water. The Raspberry pi uploaded data onto
cloud infrastructure where databases are set. The end
user is enabled to view the data via the web interface.
Nevertheless, the system is different from the one we
proposd since they measured the flow rate and collected
data. Futhermore, the flow rate is not always constant and

might cause some inaccuracies in reading.

Triantor et al. (2014) implemented with Matlab
R2011b software toolbox where the application run with
Windows 7 operating system an, Pentium Dual Core
3.00 Ghz processor. Capturing images with Lenovo
mobile Phone A800 taken from 10:00 Am to 15:00 Pm
in sunny weather conditions. Firstly, three-element of
colors Red Green Blue (RGB) images are processed by
converting them into gray scale images and then using a
median low-pass filter, contrast enhancement, histogramm
equalization and binarization to obtain a black and white
binary image. At a later time, a segmentation process
is performed to get the number as a region of interest
(ROI) from line segment and the background. However,
the system is manually operated and needs additional

software toolsdans more hardware equipmens.

Sisinn, et al. (2015) made a model using
smartglass (Vuzix M100) to automate the meter reading.
Particularly, it was divided into three parts. First, it

automatically recognised the universal barcode that
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is acquired by the smartglass camera. Secondly, the
Pytesserract application performed the recogition of
digits meter via SmartGlass. In The last step, an internet
connection was needed in order to download a read out
into a cloud-based respository. The drawback is that the
recognized text is mismatched with the actual text that

was on the meter.

Somyat & Nakariyakul (2018) proposed the
lottery number reader from Tesseract engine digit
recognition for blind people by mobile phone appliction
(LottoTU). They segmented, thresholded, and converted
the lottery number images into text by the Tesseract
engine (OCR). The recognised numbers are read by
Android text-to-speech (TTS) API. they achieved a
satisfying result by capturing images at six locations under
different lllumination conditions, orienation and distance.
59 out of 60 test images were correctly read out lound for
bliness seller. However, LottoTU failed to detect images

with dark or light conditions.

Another system (Fikejz & Rolecek, 2018)

used the Raspberry pi zero which is a single core mini

J Sci Technol MSU

computer expanded by a real-time unit (RTC) using the
standard Linux Raspbian environment. The equipment
provides information of flow rate from the water meter.
dAlternatively, a software system build in a Java plateform
by using MySQL database and Pi 4 were used to evaluate
the leakage detection. However, the system focuses on

the flow rate via the inner pipline not the meter reading.

Methodology

The proposed system diagram is shown in
Figure 1. The preparation of the image works by
requesting action from the central server (left hand side
of the Figur.1. The Raspberry Pi v2 camera module will
activate to capture images from water meter. Later those
images are processed by Raspberry Pi 4 to extract
the meter reading. The region of interest is converted
from string to text. Finally, the results are sent over the
internet to be stored in two databases and displayed in
the webpage. In case of a possible water leak situation, a

message will be sent via E-mail to the concerned authority.

ROI using OCR

WIFI Module

Firebase
Image§ - and »|Notification
preparation MySQL
v
ROI detection L J
with Raspberry Pi
Web
‘ Application
Text extraction from

Figure 1 System diagram.

Image Processing
Figure 2 explains about the image preparation
steps through the character recognition. The system

captures the images of the water meter using the

Raspberry-Pi camera module V2. Then, the captured
images are pre-processed. Firstly, the RGB image is
converted to a grayscale image. Secondly, the system

specifies the width and height of the kernel. This system
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works best with a (3,4) kernel. Third, Gaussian filtering is
applied since it is very effective in removing noise from
the image. Fourth, Otsu’s thresholding is used for image
binarization. The value of the threshold is determined
automatically. Next, morphological erosion is applied so

that the size of the foreground object increases. Morpho-

Water utilization monitoring system by using image processing

logical dilation is also used to discard the pixels near the
boundary to get a clearer binary image. Finally, the region
of interest (ROI) is extracted by using the Pytesseract
Optical Character Recognition (OCR). It works better with
black extracted text anda white background. It inverses

the process to get the desired text results.

pre-processing
and noise

Input Images reduction

\

Character
Segmentation

ROI Localization

Character
Recognition

Output meter's
characters as text

Figure 2 Image processing.

Data storage and display

Two back end programs MySQL and Firebase
database which are maintained by Google are used for
the data storage of the system. After the completion of
image processing, the system transfers the fetched output
to the above-mentioned programs as shown in Figure.3.
The program initializes the connection with two of these
databases. Then, it saves the text along with the date
and time. For web application, the Google chart is used to
plot result data into graphs. The reason for using google
charts is because of its simplicity in terms of coding,
and modifying, making it more attractive. The charts are
based on pure HTMLS technology. They are interactive
and zoomable. There are a few simple steps to add this

chart to web page.

Display as
graph

Google chart >
library

Firebase
and MySQL

Figure 3 Data storage and display.

User Authentication and Login
For client side, PHP is implemented for the

user authentication and login. Firstly, a new user has to

be registered to the system by the admin so that only
authorized people can accessmit. After that the system
verifies the username and password by comparing the
values stored in a database to the input value. After the
verification is complete, the user is redirected to the main

page of the system.

Notification

MySQL is used because it is easier to code and
implement. The system retrieves the last data along with
the 2" last data and calculates the difference to gain a
view of how much water has been consumed during the
time frame i.e. in one hour throughout the day. By the
end of the day there will be 24 records. The reason for
making it hourly is because we can quickly identify if there
is a problem because the data comes hourly, making it
daily or monthly will be too late if there is a problem in the
pipes or if there is over-usage. The consumption water
data at 10 cubic meters is used as the threshold because
it is the average amount of normal water usage of that
building. If there is a possible leakage somewhere in the
pipes, an alert e-mail is sent right away to the authorities

in that case to check for a possible leakage.
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Results and discussions
System breakdown

The system comprises a Raspberry Pi 4 with
3GB Ram and a Pi v2 Camera Module. Raspberry Pi
4 has an ARM Cortex-A72 processor. The Pi 4 is also
powered via a USB-C port, enabling additional power to
be provided to downstream peripherals, when used with
an appropriate PSU. The v2 Camera Module has a Sony
IMX219 8-megapixel sensor which is capable of taking
very high-resolution pictures which is exactly what is

required for the system.

Implementation of the system

The system is composes of a Raspberry Pi and
Raspberry Pi camera enclosed within a box with fixed
lighting conditions. Therefore, the variation of lighting
during the day will not alter the system and The brightness

inside the box remains constant. The system is placed

™\ Ve
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above the meter and the location depends on the user.
The outer box is made of PVC and it is covered with
a black cloth to prevent exterior light from outside the
box. The dimensions of the box are 15cm*11cm*10cm
which are the length, the width and the height of the box
respectively. Every component inside the box is tightly
sealed to make it to remain functional in harsh weather.
The system has to be placed perpendicular to the water
meter at an approximate height of 7 cm. The side view
and the top view of device installation are as shown in

Figure 4 (a) and (b) respectively.

Image processing
This section shows example images of the
experimental results on the real water meter. First, a raw

image of the water meter in Figure 5(a) is captured by

the Raspberry Pi camera.

Figure 4 Device installation. a) Side view and b) top view.

Next, the result of the conversion of raw input
image to gray scale image and tilt by 90 degrees to get
a perpendicular view is shown in Figure 5(b). Then, the
Gaussian filtering technique and the Otsu’s thresholding

are applied to remove excess noise (Figure 5(c)). After

that, the ROl is extracted by performing the morphological
operations as in Figure 5(d). Finally, the Pytesseract
OCR converts string to text and the result is presented

in console (see Figure 5(e)).
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Experimental results

This section shows the experimental results on
302 of water meter images. The region of interest (ROI)
in this system is only the first 6 digits of the water meter.
The seventh digit was ignored because it is the least
significant part. The segmentation results were evaluated

based on the recognition accuracy as

Recognizedlmages * 100
Tastinglmages

Recognitionaccuracy% =

Table 1 presents the accuracy of input images
in recognizing the digits. The experiment was divided into
three types depending on the noise level of the images.
Table 2 shows the categories of images of each type.
The number of testing images of each number varies from
0-9 and depends on the occurrence in the water meter.
The average percentage of the recognition accuracy for

each image type (major, minor, and no scratches on the

glass) are 48%,75.1%, 91.64% respectively. The results
are better when the level of noise in the image is low.

The lower the noise on the image, the better the result.

v 3
. M

4 ; m l-
 (anu W .-
ASAHI

DEAKA KRG

Web Application

The main page of the web application is shown

in Figure 6. The example of recognition results will be
stored and retrieved from Firebase DB shown in Figure
s 7. These data are plotted as a graph in Figure 8 using
' the Google charts library. The username and password
¢) Binarized and threshold image for all users are assigned by admin. All the passwords
are securely stored in MySQL. Once a user logs in to

the system, the user can view the statistics for the water
0 2 consumption of each building. In the case of an unusual
situation, such as the water leak, a notification E-mail will

) ROI extracted image be sent to the responsible staff as show in Figure 9. For

more information, please access this link (https://youtu.
be/CYjQt993t0A).

e) Output in console

Figure 5 Experimental results. a) Input image,
b) gray scale image, c) binarized and threshold image,
d) ROI extracted image, and e) output in console.
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Table 1 An example of each category of images to be tested.

Region of interest Noise reduction on ROI Comments

wersewoe— UOIUOIIGG POIRKS, ...,

scratches on the front glass
between. Unable to read 0.

r - "‘
) . ] Major scratches and erosion 0
Water meter with major I E [ )
i | - Iy I I is non readable even after noise
scratches on the front glass LA B - - L

reduction

~— = -w o' |
Wat ter i ith ‘ 0' 8 0 0‘ 8 No noise. All the numbers are
ater meter images with no
g ‘ ' I l | f | distinctly recognizable. A new water
| - b

scratches on the front glass

meter
Table 2  Accuracy measurement for 302 water meter images.
Type of image Digits No. Testing Images No. of Recognized Images Recognition accuracy

Water meter with major 0 10 6 60%

scratches on the front glass 1 15 10 66%
2 12 6 50%
3 12 4 33%
4 7 3 42%
5 8 4 50%
6 10 3 33%
7 7 3 42.8%
8 6 5 83%
9 8 2 25%

Water meter with minor 0 85.7%

scratches on the front glass 1 100%
P 1 9 81.8%
3 14 11 78.5%
4 13 10 76.92%
5 12 8 66.67%
6 7 4 57.14%
7 9 6 66.67%
8 11 8 72.72%
9 12 8 66.67%

Water meter images with no 0 10 10 100%

scratches on the front glass 1 7 7 100%
2 9 9 100%
3 10 10 100%
4 11 12 91.6%
5 16 14 87.5%
6 10 9 90%
7 9 7 77%
8 13 11 84.6%
9 7 6 85.7%
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Water utilization monitoring project

Statistics for £3 building | Statistics for Lamduan building

WHY THIS PROJECT?

Contact us:

BG:E

Water utilization monitoring system by using image processing

Figure 6 Main page of web application.

water-94799
- water-94799
- Consumption +
L. -MJMEMcsYsPOobztKaQh
|- Date: "2020-18-11
[ Time: “12:00
Value: 1
& -MJMEYNc3o000Y3ERE2yO
|- Date: "2020-18-11
Time: "13:00
Value: 3
= -MJMEnJgxZzC2QV5NKPO
|- Date: "2020-18-11
Time: "14:00
Value: 6

Figure 7 Data store in Firebase.

Water consumpéion saés for Lamduan Dormitary

rsemationicm’s

Viater com

Serting rolrgh:

Figure 8 Water consumption graph of each building.

watermetermfu2019@gmail....

Possible leak at lamduan building

Figure 9 Email Notification.

Conclusion

This paper proposes a simple and efficient
concept to read a water meter and monitor its usage.
The framework first makes use of image preprocessing
techniques followed by Optical character recognition
(OCR). After the digits of a water meter have been
detected, the graph of water utilization is presented via a
web application. In the case of excess usage of water, the
system sends a notification E-mail to the staff responsible.
The experimental results demonstrated that the system

achieved good performance with a low noise water meter.

From the experimental results, it is safe to
conclude that the proposed system is capable of
detecting numbers on water meters and calculating usage
of water. It is suitable for those meters which have less
noise i.e., new meters yield better results. The pi camera
and raspberry pi 4 is capable of fast processing. Moreover,
the software the system uses are easy and great sources
to build webpages as well as sending notifications. They
are reliable tools that work well without technical error

and are free for everyone.

However, the condition of the water meter
plays an important role in the output of the meter. More
scratches minimize the accuracy of digit recognition.
Apart from that, the proposed system is integrated in a
robust way where it continuously captures images with
system code to work hourly. With great accuracy in good
condition meters, the system needs low maintenance with
the physical hardware equipment (raspberry pi board),
but the users should consider checking and maintaining
the raspberry camera and network connection in order
to make the system work properly. Lastly, it is budget
friendly for any people who is interested to invest with in
system. Also the system can be modified for other meters
such as gas and electricity meters. It is easy to implement

and build the system.
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Abstract

This research aims to study the performance of data mining techniques in medical datasets. The data in this research
contaita information of patients with breast cancer, diabetics and patients with hyperthyroidism. All datasets were
collected from UCI databasee Mmachine learning, in particular Decision Tree C4.5, Naive Bayes, Neural Networks,
Random Forest and Deep Learning techniques were used to create the models of disease Breast cancer, diabetes
and hypothyroidism prediction models. In order to measure the performance of prediction models, 10-fold cross valida-
tion was utilized to divide the data into training and testing sets. Accuracy, sensitivity and specificity of the prediction
models were used to compare the prediction performance of each model. The experimental results showed that the
Decision Tree C4.5 technique was the best technique in modeling the prognosis of hypothyroidism. It provided 99.86

% accuracy, 99.85 % sensitivity and 100 % specificity.

Keywords: Data mining, Breast cancer, Diabetics, Hypothyroid

1

nﬁg’mﬁiﬁumﬂlfﬁaﬂszqnﬁ madrunalulafiasawng anAnenIRTIBNG WM INNABURIRITANY
" Applied Informatics Group, Information Technology, Faculty of Informatics, Mahasarakham University
* Corresponding author: Ukrit Srisuk , E-mail: ozillmammoth39@gmail.com



158  Ukrit Srisuk, Jaree Thongkam

o
YN
[ v &) =3 ldl dl & a o v a
USLIIONWN LﬂuNzLidY\WUN’mﬂqﬂLﬂ%ﬂ%@U 1 VBIHATYN

(]

A

ne uazilusnguasmadediadududug ludnds
LLmMmuvlwUﬂamﬂukﬂmﬁaga‘ﬁunnﬂ LASAIIANT
dulsadasnindszimanisaziuan nddlneddasnis
WuwzL3IL sz 40 au TuaeTiBiaIyiug 100,000 A
FadAsuiudszinaas TuanwunzSodualdunnin
100 A TuaaTB1a3yWug 100,000 au ludmswuNziss
wnalaisuiu welduasin Imﬁqﬁammﬁuaﬂsﬂﬁ
wesnIgniganeay 100 1 (alggws siuiiaiw, 2563)
fulIAlNInIY e nasTIMelanuialndle
wuuwmadaswinanaludealiiundsenm lassiums
ﬁtﬁmﬁaaﬁuﬁwgﬁuiaLﬂuaaﬂmﬁa%amnﬁuéamﬁa
I%ﬂauQuizﬁuﬁwmwaluLﬁa@ Lfiaﬁﬂmavl,sjvlﬁgﬂlﬁaﬁﬂﬁ
izﬁuﬁwmalmﬁaagﬁuﬂ'm:ﬁuﬂﬂﬁ Rula Sumuu,
2563) Boluniniulsalaweflnsensd wanefs naed
dowlnsond Fnsnassaflunlnsesdoanuunniinly
ﬂsz@julﬁai'mzﬁl'ﬁwﬂ’lﬂﬁmnmwa’ltygaﬂ’hﬂﬂ?\ 1
mm&;ﬁﬂﬁlﬁﬂmmsﬁuﬂw 9 FaTUANAN 1T Indiay
e s 3w wiseaninn %gw’?m wanlinay
WnineanasaseTIaEuLAaUnd i GAINL
yoslnsosdidufimiinanmsidenInsesdvinemunn
AaUnd aurinlwsenmeivsunmesesaaslunlnsesd
INABANNABINTVBITHINBLaLTFNIL T WA BIUE
nadaImMeludiuas g (wa'lne, 2563)

mviwilasdaya (Data Mining) (Schuh et al.,
2020) da nzwIwMIIeTzRTeYA Lﬁaﬁumgﬂuuu
LLazmmﬁuﬁufﬁfﬁauagluq@ﬁagaﬁuG] luilagiiuns
rnilasdayaldagninludzyndlslununaisdezinn
Vi nMswensaiRugawld manensolldtanesda
s’mﬁamiwmmrﬁg}”ﬂ'smﬂ"awmﬂsrﬁmirﬁmsqﬁﬁmaa
Tsadnag 1on Tsauzdadun lsmumu uaslsndug
Dudn Jnisenansrinndlavinnswennsoilsanzise
LN L% Fan, Zhu Lag Yin (Qi et al., 2010) ladnsns
vnwgmsnauidugruasaziSodug sasmadia Decision
Tree C4.5, CHAID, QUEST, CART, ANN w131 naiia
Decision Tree C4.5 ﬁﬂi:'&ﬂ%mwﬁﬁﬁq@ﬁ 71.17% &%
Balpande L8z Wajgi (Balpande & Wajgi, 2017) ladnmn
MINAAZIULAZNIILTZAN AN TULIIVIIALLIA Y
laglinafiamaviuniiastoya droinafia CHAID, Naive
Bayes, K-Nearest, Decision Tree ﬁa%‘ﬂﬁﬁwa@iami
AMeazie A 011, twa uaz auiluianmie wudl inaie
Decision Tree ﬁﬂs:f‘aw%mwﬁﬁﬁq@ A 72% amdinle
FudazneafinfiszEnsandliuinesn 1wﬁagaﬁumﬂ
AN

J Sci Technol MSU

61'\1ﬁumu%%’mf’tﬁ%%’aﬁmwau%ﬁa:ﬁnm
eEnTnInvadnaka Decision Tree C4.5, Naive Bayes,
Neural Networks, Random Forest iLa¢ Deep Learning T
mssfonuUsaeianensasimaialn uzSadu
Tsawnwnw wazlsalalynsesd lapdadssansainaae
ek 10-fold cross validation LLazLLam@hm’mgﬂﬁad
andh uaz ardwne

DA NBUNIIVY

Tumsaiumsdseitleldnszuinmslunsvi
mﬁaﬁaga"ﬁaﬁ 4 duaawnly de maeseudays n3
datiandaulds MIaisluuiaed uazmyialszdndnw
PYILUUINRAI

1. MIA3BNDIYA

ﬂ’m@%wﬁagzﬂmm’iﬁﬂﬁ Tayadsznauedis

@

gadayanlshadiulsnuandreiuiiumiu 3 gadayas

u q

)Y

=

fa w07 1 AalsauziSaenuy Janadausiidu Nominal

9
(Y
a o

NIRNG 31%3% 10 @uds qm'ﬁ' 2 falsaiunwnu Jviia
Frudstdu Numeric novae $1wm 9 daudls LLﬂ:“Iqj@]“?ll 3
lsalaldnsesd Aafiadudsidlu Nominal waz Numeric
1wt 30 62u1l3 3N Iutaya UCH

°1§ﬂ°?l' 1 srudsfilElunuiselsauzSodu

1. 814 (age) dziiadayaidu Nominal

2. §IunuNaLlIzIden (menopause) Aufia
Poyatiu Nominal

3. Yunavadiiasen (umor-size) Hriadoyaiin
Nominal

4. 329289021349 (inv-nodes) Hrilatayaiin

Nominal

5. NMINITIYFIVINLLTY (node-caps) Nadha

2

Wy Nominal

Y
6. 3AUANNIIBUTI (deg-malig) HrHadayaiin
Nominal
7. duniveINiiy (breast) driiadayaidu
Nominal
8. fNUNIIVBINELTI (breast-quad) Avliadaya
1% Nominal
9. MILTIF (Irradiat) Hviadoyailu Nominal
10. twan13at (class) Srfiatayaidu Nominal
qﬂﬁ' 2 daudsilluawdselsamanm

Y
(9

1. :wuaTsnaassd (preg) Azliadoyaiin



Vol 40. No 2, March-April 2021

Numeric Min=0, Max=17, Mean=3.845, SD.=3.37

2. wdvihmaluiiea (plas) Hrfatoyaidu
Numeric Min=0, Max=199, Mean=120.895, SD.=31.973

3. anwanlafia (pres) fzfiadayaiilu Numeric
Min=0, Max=122, Mean=69.105, SD.=19.356

4. ANURWIVEI M TRIARINTINA VBV NEI
WA (skin) Jziadayaidu Numeric Min=0, Max=99,
Mean=20.536, SD.=15.952

5. Umnaudugdunldsumelu 2 52109 (insu) &
siadayaiiln Numeric Min=0, Max=846, Mean=79.799,
SD.=115.244

6. Aufhadane (mass) drfadayaidu Numeric
Min=0, Max=67.1, Mean=31.993, SD.=7.884

7. MIfadaniansiien (pedi) Aviatoyaiin
Numeric Min=0.078, Max=2.42, Mean=0.472, SD.=0.331

8. 81 (age) Uvavayaidn Numeric Min=21,
Max=81, Mean=33.241, SD.=11.76

9. dusaana (class) Hviadeyailu Nominal
#af 3 dudsililunuidolalalyinsend

1. 814 (age) ﬁ“ﬁﬁ@]ﬁagmﬂu Numeric Min=1,
Max=455, Mean=51.783, SD.=20.124

2. e (sex) Hitadayailu Nominal

3. gasluuinasaanunandanlnsass (on thy-
roxine) rfadayaLlu Nominal

4. d10nuredgasluniinadiaanuiandey

(3 . a a v I .

nsesd (query on thyroxine) M“Eu@"lla;ﬂlmﬂu Nominal

5. ﬂ’lﬂ‘ﬁﬂ’lﬁ’m‘/lmiaﬁﬁ(on antithyroid medicate)
firftadayaidu Nominal

6. 81m13 17 (sick) Awfiatayailu Nominal

7. M309A334 (pregnant) Arfiatayaiiu
Nominal

8. midadanlnIasduraaIn (thyroid surgery)
frfiadayaidn Nominal

9. Mm3snmasuslaladin 131 (1131 treatment)
A a v I3 .
Jpievayaiiln Nominal

10. lsalnsesdwiiasiu (query hypothyroid) 3

silaoyaidn Nominal

11. azfsevIntavdaiisuazUsasaaslun
sananunifinly (query hyperthyroid) Srfiatayaidu

Nominal

The performance comparison of data mining techniques for

patient incidence

12. nlfomslansnldinmeiniaguans
(lithium) Tziiaayaiiln Nominal

13. nzhiimslaluvasdeninsess (goitre) §
siiaayaLlu Nominal

14. \iiasen (tumor) firftadayaidn Nominal

15. nsfivmeanagedluniiaheaneauld
au@4 (hypopituitary) Hufiavayatln Nominal

16. 8a7INA7 (psych) Hritatayaidn Nominal

17. dvasgasluunszdueayinsand (TSH mea-
sured) Hrfiadayaiiu Nominal

18. gasluunszqudaniniond (TSH) dofia
ﬁagmﬂu Numeric Min=0.005, Max=145, Mean=2.596,
SD.=6.27

19. dadlntendaasluuilannzesunas (T3
measured) diatoyaLiu Nominal

20. Insesazaslanilaanaasunas (T3) Hodia
Zayaidu Numeric Min=0.05, Max=10.6, Mean=2.045,
SD.=0.812

21. dvedzaslunnisiunAdunulysdu (TT4
measured) dziatayaLiu Nominal

22. gofluwnssudisuiullsén (TT4) viia
Joyaidu Numeric Min=19, Max=430, Mean=110.344,
SD.=33.692

23. @ UaIM I INIandu (T4U measured) &
siiadayaiiln Nominal

24. milglnsandu (T4V) dofiadeyaiiu Nu-
meric Min=0.25, Max=2.32, Mean=0.994, SD.=0.196

25. dvpszaslunlnsandusiiadasz (FTI mea-
sured) ﬁ“ﬁﬁ(ﬂ{l’a%lm‘flu Nominal

26. sasluwlnsendusiiadass (FTI) Jvila
Jayaidu Numeric Min=17, Max=395, Mean=112.522,
SD.=30.871

27. d1waslsduiiaisandu (TBG measured)
frfiadayaidn Nominal

28. Whs@uflassandu (TBG) Avfiatoyaiu
Numeric

29. UN§981989 (referral source) AiviatoyaLiln

Nominal

30. fusnana (Class) ivHiadayaiiln Nominal

159



160  Ukrit Srisuk, Jaree Thongkam

2. MsAataanaunls
e =) Qs I ad A a
nsaatiandndsduitnsiuiandiulseny
ARANVFNARTAUFILY TN wazditruluniansiuin
T T o 4
m@m"[ummmmnumLLﬂimuaanmﬂﬂgma;&am:mvlﬂ
ansuuuiaesla laslunuidofiazlfinadia chi-Square
Chi-Square Lﬂumiﬂmﬁu@iwaoqmé’ﬂﬂmﬂﬂﬂ
M3lEnIdwItuen Chi-Square M9aiidtiafinsInng
4 . o - o
LLﬁ]ﬂLL’i]x‘lﬂ’naJﬂ“}.lad@l’)LLﬂiQmaﬂHmzLﬂuvLﬂ@]’]NE‘L]LL‘LJ‘LI‘Y]
fuua Ly wiald deguns

2
n
) (O-E)

X = _—

i=1 Ei
o

las?

01, 02 ... On iuanudvaIdIlsnldannns
Anm

E1, E2 ... En {Juanudfiananiy (n3annuni
avaz1iun)

U o
3. M WUUUINADI
nrsuuuIaedutwaawiiinteinadia

luMachine Learning 31 Maninmsanauuusaadine bt

lunmiswennsal dreldsunsy Weka laslfinafinasdall
P

i)

wmaftadwlidagula C4.5 (Decision Tree C4.5)
(it Yydszaw, 2563) (Wudanaiity AWauwInan
e a R I a a R o v
naanasiiy D3 Wudanaifiulunmsiuundszinndaya
lindinnssisdulilasdaionquansusidayiae
uudulnuasn (Root Node) lawlddn Gain Ratio g9
figadulnuarn uazlnuadald uazdaanid Entropy,

Information Gain w8 Split Information

wallansnensaideyauuudtaediud (Naive
Bayes) (Kaur et al.,d.) \lumswennsnidszinnlaslsng
6 A g 6 ¥ aa
gasudrsaidumnensailsannlaslsnanadaluns
wennsainnutaziu

wmeafialassdnedszanifios (Artificial Neural
Networks) (AWg#N8 NaIssINTI®, 2560) 1duaaas
wwsandtanaduilyyiuszfieg (Artificial Intelligence
. Al ﬁmm’mﬁﬂﬂﬂ’szqﬂmﬂlﬁﬁmm%mUﬁm"lﬁazm
Juse@ntnw wannmssAnvaslasstnedssamifion
Ao anuneufiaraani B uLULM IR RIS
ﬂi:aﬁﬂiuauaam&wﬁuﬁaﬁnm"ﬁaﬂwaﬁﬂsz%w%mw

J Sci Technol MSU

Tapflasstnolseamifisnuuunanssu (multilayer)
aﬂ‘iﬂ'mwmumU’JﬂUIﬂSO"H’]EliJ‘Lﬁ’WlLY]EINLLU‘U"H%L@EJ’J Ll
AT TIER (hidden) AT I@ﬂagmuﬂmaizmwm
ﬁ,’]ifagaﬁaul,ﬁ'n,mz%u&iwagaaanﬁaﬁ%uuamsiamaﬁ
AN 1 T

mﬂﬁﬂﬁu"l,ﬁﬂwﬁu (Random Forest) (Rastgou
etal, 2020) (Tl Model Uszinnwitanes Machine Leaming
ﬂﬂwmmmumﬂ Decision Tree mdﬂum Random Forest
Dumaifinsiuan Tree 1w Tree wae g Gn AW
ﬂiz%ﬂ’ﬁmwslumsﬁ'mugﬁu LL&i%&IO'T&J']ﬂ%u %GI&IL@]G
Random Forest uluiaafilasuanufisudnagiounn
lunslE Machine Learning

inAANITBUILITIAN (Deep Learning) (Dogan
& Birant, 2021) 1usiunitenas Machine Learning Ut
AugrnwpaslassrnodszamiisuuasniaiSoutss
Audnsuz madouimusaduldnuunaSouiioy
a v a v cﬂl a v a v 1l
fifmou nadvuiuvuififaen uaznmadouiuuylid

@

a e dq’ I = v . .
NROW I@md’m’;ﬁ]&lmﬂumiwﬂug Machine Learning LUy

u

fiiman (Supervised learning)

u

4. MIalszEnSanvaILULINRDY

WiavhnssauuuiaesasaudiuuuLiaes
Inaraudzidnd@ninna1835n13ua9 10-fold cross
validation lasnsutistayaaanidu 10 nguiring Auuaz
Mnmadieuifisuddionisweniningudays da
mmgnﬁaa (Accuracy) finauly (Sensitivity) Wazein
TN (Specificity) AIFUNNT

1.61AQNead (Accuracy) Aa AIAILULIRD
mmmwmnimmamwﬂ’mmﬂmkﬂ wazlaiifialsalaaeng
nnmamamawamm@ FIRUMIA 1

TP + TN 1
TP+ TN +FP + FN M

Accuracy =

2.610210) (Sensitivity) Aa arfiuuudiaes
mmmwmmmﬂuamwmﬂmn@Im ldatsgndasday
thefiifialsnase Geaunsfi 2

TP
TP + FN @)

Sensitivity

3.A1371LW1 (Specificity) Ao ANTILUUINADY
sanTanenIsidayadthedlifialia ldainignéasda
Q’ﬂwﬁwmmtﬁd%ﬁmkﬂ AIRNAIN 3



Vol 40. No 2, March-April 2021

TN

Specificity TNTEP

@)

P A o o A o &
e TP fa Swiudayafiuuusiaaswennsnins
\fialsaldadnigneas

TN fe '«J"’lmwﬁayjaﬁLmua‘haaawmnmfmshi
\fialsnldadnigneas

FP fa dwiudeyaildifialsauduuuitase
wenyaliiale

FN @a i‘i’lmwﬂ”agaﬁLﬁﬂiimwil,muﬁmaa
wensainliiialsa

a
NanN133¢l
TR ladnuidszantainvadinaiia

100%
90%
80%
70%
60%
50%

fins (%)

ANANNENFIEY

40%
30%
20%
10%

Decision
tree C4.5

75.52%
73.83%
99.86%

Random
Forest

69.58%
75.78%
99.73%

W wzSaufnu
[ SHal7 0Tttt

| ol lnsess

The performance comparison of data mining techniques for

patient incidence

Machine Learning veamsvinmilastoya lun1saiisuny
$aesiannnsainmaialse uxSaduy A
wazlsalawesnsend drunaiia Decision Tree C4.5,
Naive Bayes, Neural Networks, Random Forest, L8z Deep
Learning fsn3lgaulusunsy WEKA 1asdu 3.9.3 Tu
mMImMmaaad °iTaQaﬁ’l,%'l,mmﬁ%’ﬂﬁtﬁmwmumﬂgm
Taya UCI 41w 3 1adaya ‘g@ﬁ 1 falsauziTaduy
flrfiadauysids Nominal Hanua q@ﬁ' 2 falsalunnanu
Hofiaimudsidu Numeric waz Nominal °I§®“?l: 3 lsalaly
nsend Jufiadmudsidu Numeric uaz Nominal lasld
mMinasauluaadie3Tns 10-Fold Cross Validation 11
maudingudeyaidugadaystoni uazgadayanaseu
wa AU AN TN INVRILLUIIRBIILAIANNY NGB
aanuh uazdrdwne deuaasly Figure 1-3

0% III IIl Iﬂ m Iﬂ

Neural
Networks

64.69%
75.39%
98.23%

Deep
Learning

67.13%
77.47%
96.16%

Naive
Bayes
71.68%
76.30%

96.03%

Figure 1 Accuracy comparison

Figure 1 n1stdIsuifisudialnugneas
(Accuracy) lagldinafia Decision Tree C4.5, inafia
Random Forest tnaila Naive Bayes Lnaiia Artificial
Neural Networks Wazinaia Deep Learning lunns
wenimaAalsn wadsng i ludayaliauzSaduy
d! | v tild o & . a ]
Foluroyanlaiudaiiuuuy Nominal tnaila Decision
Tree C4.5 snansnaiuuuiaasifidranugndasiu

6 A = v P a
mInensalgafigatls 75.52% uazdesfigalu inafia
Artificial Neural Networks li@nanugndasfi 64.69% lu
Tayalsanu

s’ﬁuﬂuﬁa;&aﬁﬁﬁ'suﬂﬂﬂmmu Numeric thadka
Deep Learning mmsnaﬁ”’mLLuuﬁﬁaadﬁﬁ@hmwgnﬁaa
IuﬂﬂiWUWﬂsﬂigoﬁqmﬁa 77.47% LLaxﬁaﬂﬁq@Mmﬂﬁﬂ
Decision Tree C4.5 lﬁmm'mgﬂﬁaaﬁ 73.83% uazlsa
lalulnsend %aLﬂuﬁaQaﬁﬁﬁaLmiLﬂuLmu Nominal L&
Numeric 1naa Decision Tree C4.5 R1NNIO&IILLL
a‘haaoﬁ‘ﬁmmmgnﬁaﬂumswmnsnigaﬁq@ﬁa 99.86%
LLa:ﬁaﬂﬁqﬂlumﬂﬁﬂ Naive Bayes lWe1a1ugnead i
96.03%

161



162  Ukrit Srisuk, Jaree Thongkam

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Anaaxla (%)

Random Decision

Forest tree C4.5

[ RN 87.06% 96.02%
B vy 83.60% 81.40%
| 15l nsesd 99.82% 99.85%

J Sci Technol MSU

Neural Deep
Networks Learning
74.63% 78.11%
83.20% 87.40%
99.34% 99.60%

Figure 2 Sensitivity comparison

Figure 2 mai3suifisusnanul (Sensitivity)
lavlginadia Decision Tree C4.5, inA#ia Random Forest,
inakA Naive Bayes, tnaia Artificial Neural Networks
uazinafla Deep Learning lumswennsainsifialse wa
Usingi ludeyalsaunSadundaiundoyaiitdus
1Ly Nominal tnaika Decision Tree C4.5 101308319
u,fum‘i'laaaﬁﬁﬂ"lmwvblumswmnitﬁqoﬁqﬂﬁo 96.02%
LLazﬁaﬂﬁqﬂumﬂﬁﬂ Artificial Neural Networks l#enaina
i 74.63% luﬁaga‘[smmwnwfqLﬂuiagaﬁﬁﬁaLLaJs

100%
90%
80%

(%)

o

AR

Random Decision

Forest tree C4.5

W uz5asiun 28.23% 27.05%
[ RTRI LR 61.19% 59.70%
mlal/lnsend.  97.93% 100.00%

1wy Numeric tnadia Deep Learning fUNTOFIN
Lmuaﬁ']aaaﬁﬁ@hm’mvl'ﬂumswmﬂmfgaﬁqﬂﬁa 87.40%
LLazﬁaﬂﬁqﬂlumﬂﬁﬂ Decision Tree C4.5 lsidnanahfl
81.40% uaz lsalaldnsesd %ui‘]uﬁagaﬁﬁﬁmﬂﬂﬂu
LUYU Nominal Waz Numeric 1a#ka Decision Tree C4.5
mminaﬁ”’mu,fum‘haaaﬁﬁmmmvhlumiwmnscﬁgo
figafls 99.85% uaziosfigaluinaiia Arifcial Neural
Networks 1#dnanalh7l 99.34%

70%

60%

50%

40%

30%

20% |

10%

0y (T NS U S

Naive Neural Deep

Bayes Networks Learning
43.53% 41.17% 41.17%
61.19% 60.82% 58.96%
34.54% 78.35% 34.53%

Figure 3 Specific value comparison



Vol 40. No 2, March-April 2021

Figure 3 matdIsuiisudndnwie (Specificity)
laslfinafia Decision Tree C4.5, inafia Random Forest,
Aka Naive Bayes, inaia Artificial Neural Networks
uazinadia Deep Learning lumswennsainaiialsa wa
dyngin IuﬁayaiiﬂuzLéqLﬁmu%uﬂuia%laﬁﬁﬁmﬂs
1Juluy Nominal tnafia Naive Bayes lidrsiwnzluns
Wmﬂitﬁfﬂaﬁqmﬁa 43.53% Lm:ﬁaﬂﬁqﬂhmﬂﬁﬂ Decision
Tree C4.5 lsensumiz Al 27.05% Tudayalsaiunnam
%aLﬂuﬁagaﬁﬁﬁmﬂiLﬂmmu Numeric tna#ia Random
Forest iU 1nafia Naive Bayes lienduwnzlumswennsal
gdﬁq@wi’lﬁ'uﬁ 61.19% LLazﬁfaﬂﬁq@MMﬂﬁﬂ Deep
Learning ldnsunzit 58.96% uaz lsalalulnsoud
%uﬂuﬁagaﬁﬁﬁmﬂﬂﬂmwu Nominal &z Numeric
inafia Decision Tree C4.5 Thardumzlumanennsal
qx‘l“ﬁlqwﬁd 100% LLa:ﬁfaﬂ"?l'qﬂ%mﬂﬁﬂ Deep Learning
TWans et 34.53%

a3luan1sdnm
Nuidsaduiiiagdszasd

[

(R dnEn
ﬂs:'ﬁ‘ﬂ%mwmadmﬂﬁﬂmﬁaaﬁagduﬁagaﬁ%mﬂ%msl
TasmsafsunuinaaaiiansnsainsiialsauziSod
un lsawnwnw uazlialalylnsesd angudeya ucl
SIWITIRNA 3 7078y8 ¢oinalin Random Forest
1AikA Decision Tree C4.5 inalta Naive Bayes Lnaia
Artificial Neural Networks Lazinaia Deep Learning 910
NINARDINUIN luﬁagakﬂun%aLﬁmw%mﬂu%gaﬁ
feudaduuuy Nominal tnaka Decision Tree C4.5
mmma%’wLLum'haaa‘ﬁﬁmmmgﬂﬁaﬂumiwmnmf
goﬁq@ﬁd 75.52% M“ﬂ’ayjahﬂmewwfaﬂwﬁagaﬁﬁ
gaudaduluy Numeric itnafia Deep Learning 814130
a‘s’wme'i'laaaﬁﬁmmmgﬂﬁaﬂumiwmnscﬁg&ﬁq@]ﬁa
77.47% uaz lsalaldlnsesd %dLﬂuﬁayaﬁﬁﬁaLLﬂnﬂu
LULU Nominal Waz Numeric itnaii@ Decision Tree C4.5
mmsna%’wLLum‘haaaﬁﬁmmmgﬂﬁaﬂumswmﬂmf
gdﬁqﬂﬁa 99.86% INNNANITNAFDY agﬂvlﬁiwmﬂﬁﬂ
Decision Tree C4.5 fianuwmansaslumssiasisuuy
$raesonsnsainmsialsnusdoding lsawnnam
wazlsalaldnsend twae mmm%’@miﬁwﬁagaﬁ
ﬁm’ms]ﬁ(?m%aia;ilaﬁﬁmwS]é‘fmﬂ's"lﬁ L8 WANII
wmmrﬂﬁagaﬁmmgnﬁaaﬂ'auﬁwga

anansIndszne
Aidpvevauqmivlod ucl Nlidayalunisr

[
a

AT

D
Fhe

The performance comparison of data mining techniques for

patient incidence

L@N&E1ID 19D

TN Yilszaw. (2563). MIATIEHMTTIIWIEAIIa7
pannawAnYasinAnsszaulsygaslaglsinaia
51‘7’77757’7’)41«11757\7‘178%/& http://research.fte.kmutnb.
ac.th/download.php?flename=620701000056&filep
ath=20190701155744.pdf.

TAINT UUATAWI. (2563). W4FILEAIUN. https:/www.
sikarin.com/content/detail/461/l5ANz15aLdUN-N2159
DUNU-1-UBIERIA.

ndwily NaIsTINT@. (2560). NIIAMAENAMAN IS
Lﬁbm‘”w[mmﬁm?ﬂm5wmn5mfwaé’m7n§nwmi
Soudisimaiamiaidaya. https:/research.kpru.
ac.th/sac/fileconference/10912018-05-01.pdf.

AUWLD SUNUUA. (2563). [3A119%27%. hitps://www.
dmthai.org/index.php/knowledge/for-normal-person/
health-information-and-articles/health-information-
and-articles-old-3/846-2019-04-20-01-49-18.

Wwalne. (2563). [msagaiiufis. https://medthai.com/
Tnseudidun.

Balpande, V.R. and Wajgi, R.D. (2017). Prediction and
severity estimation of diabetes using data mining
technique. 2017 International Conference on Innovative
Mechanisms for Industry Applications (ICIMIA),
576-580.

Dogan, A. and Birant, D. (2021). Machine learning and
data mining in manufacturing. Expert Systems with
Applications, 166, 114060.

Kaur, A.G. M. (n.d.). A Framework for the Indirect
Assessment Tool for Outcome Based Education
Using Data Mining. https://ieeexplore.ieee.
org/document/8782336.

Qi, F., Chang-jie, Z. and Liu, Y. (2010). Predicting breast
cancer recurrence using data mining techniques.
International Conference on Bioinformatics and
Biomedical Technology, 310-311.

Rastgou, M., Bayat, H., Mansoorizadeh, M. and Gregory,
A.S. (2020). Estimating the soil water retention
curve: Comparison of multiple nonlinear regression
approach and random forest data mining technique.
Computers and Electronics in Agriculture, 174,
105502.

Schuh, G., Prote, J.-P. and Hiunnekes, P. (2020). Data
mining methods for macro level process planning,
Procedia CIRP/03/15/ 2021.

163



a [ 1 ® U 6 a1
miﬁmsan@m‘s‘sa\lmmﬂm‘sanaa%wmmanﬂmmi‘ua% tN3@ AISI 1050 NIWNIT
Banaedsunalnaga
Study of fatigue behavior of AISI 1050 steel annealing with metal active gas process

a 6 =) aqx %3 = 2
AWUT NLwA", Fogns J9u
Nipon Maneechot', Chaiyoot Meengam?®

Received: 10 November 2020 ; Revised: 8 February 2021 ; Accepted: 1 March 2021

UNAnea

mnﬂrmﬂﬂuaammaﬂuﬂﬂmamwammamﬂnuauaaumawammmmmmmaﬂnmmsuau Ln3@ AISI 1050
mﬂmmmwm'ﬂmumsmawmmmmaﬂﬂﬂau @l’JLLﬂiﬂ\‘l'ﬂluﬂ’ﬁLﬂjaM@nLlﬂi“’U')uﬂ’]SL“}jasJLLﬂNﬂﬂﬂaN‘ﬂ(ﬂ’JLLﬂi
Ao neudlWiden 130 wanuld saadeusiia ER70S-6 anuisitawdan 250 Jadluasdaui wmumaulw
mmi‘”auﬁaumﬂ%auﬁqmwgﬁ 300 asraaldaa tHuwan 30 Wi %é’amﬂmﬂ%am:auéau‘%mmﬁgﬂmgﬁ
700, 800 W&z 900 adALTalTa® ANEIGL %ogﬂﬁmumﬂuﬁmﬂsmw HamInasaduaasliiiwingmngliaudan
%uamﬁé’amn%audwa@iamsm%"smu,ﬂmmaﬂmaqamﬂu‘%nmsam%awLLazu‘%nmﬁw‘%wamomm%u Nl
a'uéjau‘?}umuﬁguﬁwalﬁmmmmmsuim%u wuihgamnlaudan 900 s TalTe Usnsesdauiivmaaula
vasnswads 22.43 lulasuas wazusadniwannanuiousmeasnsuladn Suwainswass 254.41 lulasuas
wonanimnaneslsdussiiia laduandoin dnalildauiansuanumisiuszudusedia swiunmasou
AMUEINLINANULAUNAFEURA 100 MPa 2a95uuArunsoUseuii 900 ssrnimaidus munsasuaNuation
TR ILEIWR 235,780 F01 mgmsﬁ%ﬁlwﬁu 53.40 1Wasidud

o [

AN§1A% ﬂiZUUHHWiL%aNLLﬁﬁﬂﬂﬂqu mgﬂnéﬁms‘uau L3 AISI 1050 ANET NTaUBaY

Abstract

The purpose of this research was to study the influence of annealing temperature on the fatigue of AISI 1050 carbon
steel from the shaft with gas metal arc welding. The constant parameters in the experiments were the electric
current at 130 amperes, ER70S-6 type of electrodes, welding speed of 250 mm/min, and the samples were pre-heated
in a furnace at 300 °C for a holding time 30 min. After welding, the samples were annealed at 700, 800, and 900 °C
respectively, which are defined as dependent parameters. The results showed that the annealed temperature affected
changes of microstructures weld zone and heat affect zone. A high annealing temperature resulted in the size of the
grain to increase and the annealing temperature at 900 °C resulted in an average grain size at 22.43 um in the weld
zone and the grain size of heat affect zone increased around 254.41 ym. Additionally, it was found that the ferrite and
pearlite phases were mixed together, resulting in good toughness and strength properties. For the fatigue test, it was
found that the stress at 100 MPa and annealing temperature at 900 °C can be reached up to 235,780 fatigue cycles

before pre-damaged. The fatigue life increased 53.40 percent.

Keywords: Gas Metal Arc Welding: GMAW, Carbon Steel AISI 1050, Fatigue, Annealing.
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Table 1 Chemical compositions of AISI 1050 Steel
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Figure 1 shows the American Welding Standard
of AWS D1.1/D1.1M: 2010
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Table 2 Parameters and electrodes in the experiment
Parameter Unit GMAW

Electrode Types - ER70S-6
Welding Angle ° 75
Preheat temperature °C 300
Shielding gas - 80%Ar+20%CO2
Mixer gas flow rate I/min. 12
Filler diameter mm 1.2
Current A 130
Voltage \% 235
Welding speed mm/min. 250
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Root Face

=lorch

Molten pool

Figure 3 shows steps of AISI 1050 with the metal active
gas welding process
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Figure 5 shows the step for fatigue test of AISI 1050 Steel
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Table 3 The values of stress and life cycle that cause damage

Number of cycles that have been damage (rounds)

Stress (MPa)

Not annealed 700°C 800°C 900°C
100 109,853 112,966 177,802 235,780
200 44,881 46,398 55,329 76,126
300 5,333 6,640 7,687 10,755
400 2,728 3,354 4,561 6,564
500 1,110 1,350 1,412 2,190
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Figure 6 shows the relationship graphs of stress with fatigue life of AISI 1050 steel:
(a) not annealing, (b) 700 °C, (c) 800 °C, and (d) 900 °C respectively
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Figure 7 The fracture surface of AISI 1050 Steel
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Figure 8 Shows the microstructure of the weld zone at not
annealing
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Figure 9 Shows the microstructure of the weld zone
at 700 °C
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(a)

Figure 10 Shows the microstructure of the weld zone
at 800 °C
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Figure 11 Shows the microstructure of the weld zone
at 900 °C
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Abstract

This research assessed economic worthiness of a microbial fuel cell (MFC) for wastewater treatment in order to provide
information for investment guidance on new renewable fuel. Key financial parameters were incomes from electricity
production from microbial activity and carbon credits earned from burning released biogas, which reduces greenhouse
gas emission. Researchers operated a laboratory-scale reactor of MFC model, with a volume of 7.8 liters, for landfill
leachate wastewater treatment, filled with Bioballs as bio-filter (10% void ratio) and then varying hydraulic retention time
(HRT) in a range of 24-96 hours. The results showed that the reactor with HRT of 96 hours, operated with a filtration
rate of 16 liters/day, had the highest efficiency of COD removal and electricity potential difference, which were 76%
and 41.67 millivolt, respectively. Therefore, the reactor with HRT of 96 hours was selected to assess incomes from
electricity sale and carbon credit from the MFC. The analysis pointed out that the most profitable revenue from the
MFC was caused from only carbon credit, 1,079 baht/reactor/year, derived from greenhouse gas emission reduction
of 2.2 ton-carbon dioxide equivalent/reactor/year, while electricity sale did not significantly make revenue by producing
electricity of 0.03 watt-hour/reactor/year. From the results of worthiness analysis for the MFC system, to meet criteria
of net present value (NPV) and internal rate of return (IRR) for 10-year operating period with an constant discounted
rate of 7.73%, it was concluded that the MFC reactor was not worthy of an investment with NPV and IRR of -27,106
Baht and -22%, respectively, from all equipment and operation costs of 35,000 baht. Nevertheless, when considering
the analysis of an investment, it would be more worthy by increasing the number and improving treatment efficiency
of reactors. Increasing the number of reactors to 10 reactors (equivalent to a filtration rate of 160 liters/day) effected
a change of NPV and IRR to 37,537 Baht and 16%, respectively, from all investment costs of 41,404 upon 10-year
operating period. If increasing the number of reactors featuring improving COD treatment efficiency from 76% to
86%, IRR would increase to 22%. From the abovementioned results, the researchers suggested that those interested
in MFC investment, for now, should consider factors, such as treatment capacity and efficiency of the system for
purpose of wastewater treatment together with a biogas collecting system for utilization, as information for an

investment decision making.
Keywords: Economic worthiness analysis, Microbial Fuel Cell, Greenhouse gas assessment
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Table 1 Scenarios of Microbial Fuel Cell (MFC)

investment

Wajussakorn Kanjana, Thitiphong Promjom, Warin Meesat

Investment Cost (C) Return (B)

scenario

Microbial fuel - Equipment cost for -Electricity power

cell without microbial fuel cell quantity

biogas holder - Labor cost for system

operation
Microbial fuel - Equipment cost for - Electricity power
cell with biogas microbial fuel cell quantity
holder - Equipment cost for - Carbon credit
biogas holder quantity
- Labor cost for system
operation
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Figure 2 Configuration of water replacement biogas holder
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Figure 3 Profile of Soluble Chemical Oxygen Demand
(SCOD) in influent and effluent from microbial fuel cell for
different hydraulic retention time (HRT)
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Table2  Equipment and labor costs for microbial fuel
cell investment
ost Salvage Depreciated
Item List unit cost® cost
(Baht)
(Baht) (Baht)
Investment cost for microbial fuel cell
Plastic bucket 7.8 1 60 6.6 53.4
liter bucket
Wastewater 1 tank 183 19.8 163.2
influent tank
120 liter
Wastewater 1 tank 45 4.9 401
effluent tank 10 liter
PVC pipe 8 me- 87 9.6 774
ters

PVC pipe 10 units 102 1.2 90.8
components
Computer 1 unit 3,000 330 2,670
Voltmeter 1 unit 390 42.9 347 .1
Currentmeter Tunit 23,040 2,534.4 20,505.6
PH and ORP meter 1 unit 8,200 902 7,298
Tank iron stand 1 unit 300 33 267
Total depreciated cost 31,512.6
Investment for biogas holder
Check value 1 unit 490 53.9 436.1
PVC pipe 5 units 57 6.3 50.7
components
Total depreciated cost 486.8
Labor cost for operating system
Lump sum 10 3,000 - 3,000
payment times

Remark: *Referred from The Army Comptroller (2015) %38 &U%.
(2558)
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Figure 4 Financial returns of electricity and carbon credit
sale from a microbial fuel call with biogas holder
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Figure 6 Relationship of Internal Rate of Return (IRR)
and Soluble Chemical Oxygen Demand (sCOD)
removal efficiency between 1 tank and 10 tanks
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Figure 7 Relationship of Internal Rate of Return (IRR)
and electricity production from a microbial fuel cell,
not including carbon credit return
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Figure 8 Relationship of Internal Rate of Return (IRR) and
electricity production from a microbial fuel cell, including
carbon credit return
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Abstract

This paper presents the cascade Pl controllers design for a boost converter using an adaptive tabu search algorithm.
The dynamic model of the power electronic system derived from the generalized state-space averaging method is
used as an objective function instead of the model from software packages. intensive time-domain simulation results
show that the offered methods can provide a better response to the output voltage of the boost converter than the
conventional method. In terms of the faster rise-time and settling time and lesser percent overshoot, which were 1.44
seconds, 2 seconds, and 0 percent, respectively.sAlso, this approach is useful and flexible for electrical engineerg to

design a controller of power electronic systems with good performancs.
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Table 2  The comparison of rise-time (), settling-time
(), and percent overshoot (P.0.) between

ATS and conventional methods

Design method

Time-domain

responses ATS Conventional
algorithm method
I (sec.) 1.44 1.56
I (sec.) 1.85 223
P.O. (%) 0 3.015
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Abstract

This research studied the traveling behavior, satisfaction and motivation of users and non-users of a shuttle bus,
and presents a concept of improving the efficiency of the service and increasing the number of users. Data were
obtained by conducting a physical survey of parking areas, bus routes and current service problems. interviews
were conducted with 920 questionnaires and analysed for factors analysis techniques, one-way analysis of variance
and logistic regression analysis. The results of the study, when using the factor analysis method to find the factors
affecting the satisfaction and motivation of users and non-users, indicated that service, physical and time were
statistically significant. It was found that the shuttle buses that should be improved the most were red lines, blue
lines and green lines, respectively. However, the logistic regression model analysis showed that the physical factor is
the factor that was significantly correlated. However, when physical incentives increased by 1 point, the chances of
non-users wanting to use the service increased by 6.3 times. Therefore, in order to increase efficiency and increase
users, it is important to focus on physical enhancements such as improving the facilities at the bus stop, bay parking

lane improvements and improving the bus routes to cover more areas.

Keywords: Traveling behavior, Motivation, Shuttle bus
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Table 1 Details of the bus stop type
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Table 4  Satisfaction and motivation factors of the shuttle bus users and non-users
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Details of satisfaction factors and motivation . . Cumulative %
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Munslwuinig 4.354 17.414 17.414
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Table 4  Satisfaction and motivation factors of the shuttle bus users and non-users (cont.)
) i i L Factor Eigen % of )
Details of satisfaction factors and motivation Cumulative %
loading values Variance
AR 1.437 5.748 54.370
50 Shuttle bus fiMstAUsAATIAUNAALTZTEURUE 0.668
ailunsliusnissa Shuttle bus wanzam 0.818
nmfldsansusn Shuttle bus liwwandnly 0.773
FuaNUduen 1.680 6.721 48.621
a o a o , < L 0.620
mansaussimilgrimsanasiadanisluuminedsvanunnlusalussodin
safansnsuyaaafidhanliiunaaasn moluuniingdoueuunn 0.730
Y A o \ e a o o o 0.738
mM3lFUTn1330 Shuttle bus Ferutivaadldinslumsnaunmaduiiolsziiu
MANINAANANNIENNIBINA b aEIT LT ENT AW 0.653
Table 5 Compare the satisfaction of shuttle bus users in various aspects
Mean satisfaction of Shuttle bus
Users satisfaction F p-value
Yellow line  Red line Orange line Blue line Purple line Green line
sumslinims 4.08 3.95 4.27 3.91 3.85 3.92 5.717 0.000
AUNIINTN 3.33 3.54 3.41 3.69 3.61 3.71 3.665 0.003
AUANAFZAINTLIY 3.56 3.51 3.63 3.36 3.32 3.45 1.372 0.234
UL 3.89 3.58 3.97 3.66 3.91 3.73 4.079 0.001
AUANVANEN 3.94 4.01 4.05 3.98 4.00 4.06 0.519 0.762
6 a 6 . . . .
Naﬂ'ﬁaLﬂi’lz‘lﬁﬂ'ﬂ&nﬂﬂaﬂfﬁ%ﬁmﬂailadl,ﬁﬂﬁd‘l’i)ilad Table 6 Logistic regression analysis for the service
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Abstract

The purpose of this cross-sectional study was to assess associations of skin related syndrome (SRS) related to
indoor air concentration in a dose-dependent manner among medical students during gross anatomy dissection at
a university in Thailand. The study was conducted between August and November 2018. Data collection involved
using questionnaires which were developed by the researchers and used appropriate analytical instruments for the
measurements of indoor air parameters. The questionnaires contained items related to population characteristics,
building characteristics, and SRS. Pearson’s correlation coefficient and Spearman’s rank correlation were used to
analyze data. The results showed that there were 12 factors significantly associated with SRS during gross anatomy
dissection by medical students (P<0.05). Apparently, there were three influencing variables which included relative
humidity, total bacteria in indoor air, and light intensity as tested using regression analysis. A regression model was
run to predict the SRS of medical students from the 3 variables. These variables could significantly predict the SRS of

medical students with a total success rate of 99.1% (R°=0.991). Therefore, efforts should be made to manage those
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variables by applying an engineering approach to controlling the environmental parameters related to indoor air quality

in the gross anatomy laboratory room.

Keywords: skin-related syndrome ; indoor air quality ; gross anatomy dissection ; laboratory room ; medical students

Introduction

In Thailand, indoor air pollution is a topic of interest. Due
to economic growth and urban development, construction
of high-rise buildings as well as department stores,
schools and offices may cause indoor air pollution. The
Environmental Protection Agency (EPA), a Federal agency
of the United States of America, stated that workers spent
up to 90% time in an indoor environment each day(US
Environmental Protection Agency, 2020) . Notably,
improper ventilation in the building leads to sick building
syndrome (Zamani et al, 2013 ; Ponsoni & Raddi, 2010).
According to a Public Health Statistics report, the morbidity
rate of respiratory diseases has increased more over the
past decade as has the mortality rate (Ministry of Public
Health, 2018). Indoor air quality and sick building syn-
drome (SBS) are related to various illnesses (Zamani et
al, 2013 ). SBS is a group of non-specific symptoms of
general complaints such as skin related symptoms (SRS),
general-ill related symptom (GRS) and mucosal related
symptom (MRS)( Reuben et al, 2019). Previous literature
indicated an association between environmental indoor air
concentrations of gasses such as carbon dioxide (COZ),
carbon monoxide (CO), as well as total volatile organic
compounds: VOCs (ppm), temperature ('C), relative hu-
midity (RH%), microorganisms and SBS(Sahlberg et al,
2013 ; Sun et al.,, 2013 ; Lu et al., 2016). The World
Health Organization (WHO) defined SBS as an excess of
building related irritations of the skin, mucosal membranes
and others, including headache, fatigue, eye irritation,
cough, tight chest, nasal stuffiness, wheeze and difficulty
in breathing (Ponsoni & Raddi, 2010).

Indoor air quality concerns the air quality in and
around gross anatomy laboratory buildings and facilities,
which certainly affect the health and comfort of staff and
medical students (Merrill, 2008). Poor air quality poses
enormous health problems to workers, medical students
and the environment as it may cause SRS (Reuben et al,
2019). The purpose of this cross-sectional study was to

assess associations of SRS related to the concentration

of contaminants in indoor air in a dose-dependent manner
among medical students during gross anatomy dissection

in a university in Thailand.

Materials and methods
Study area

The study area was a gross anatomy dissection
study room located on the 1% floor of a building a,
Thammasat University, Thailand. This gross anatomy
dissection room wis ventilated naturally as shown in Figure
1. Indoor air quality monitoring areas were set as 4 areas

as shown in Figure 2 ;
Area A: contain 1 group of students (Group 1)

Area B: contain 3 groups of students (Group 2,
5, and 8)

Area C: contain 4 groups of students (Group 3,
4,6,and 7)

Area D: No students

Figure 1. Gross anatomy dissection study room.

Figure 2 Indoor air quality monitoring area.
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Study design and participants
A cross-sectional study was conducted between
August and November 2018. The study was carried out

among students who studied gross anatomy dissection.

All participantsewere overl18 years old students
and were chosen through random sampling. The
recruitment process was based on the inclusion and
exclusion criteria. As a result, 53 students were recruited
as participants and were separated to work on 6

anatomical parts as follows ;

1) Anatomy of back and suboccipital region:

designated ‘Back’

2) Pectoral region, axilla and upper extremities:

designated ‘Upper limb’

3) Muscle of facial expression and mastication:

designated ‘Superficial face’

4) Dissection of temporal region and TMJ:

designated ‘Deep face’

5) Dissection of triangle of neck: designated

‘Anterior Neck’

6) Anterior abdominal wall and abdominal organs:

designated ‘Abdominal’.

Data collection and Instruments

Questionnaires were completed by face-to-face
interviews with all participants after clasashad finished.
General information and SRS during gross anatomy
dissection were assessed via questionnaires. The
questionnaires were developed and adopted from
previous studies by researchers based on the severity
level which was approved by 3 experts before data
collection with 10C ; 0.70-1.00.

The environmental parameters related to indoor
air quality, total fungi and bacteria in ambient air were
measured using IAQ meter and impactors. The Indoor air
quality meter (Q-TRAK Indoor Air Quality Monitor Model
7575) was calibrated to measuof carbon dioxide (COZ),
carbon monoxide (CO), total volatile organic compounds
(TVOCs), temperature and relative humidity (RH%).
An impactor (Bio Sampler: SAS SUPER ISO 100) was
calibrated and set up at flow 100 liters/minute with a

dish containing trypticase soy agar for bacteria and malt

Indoor Air Quality and its Associations with Skin related Syndrome among

Medical Students during Gross Anatomy Dissection

extract agar for fungi. ApPersonal pump with sorbent tube
(10% ; 2- hydroxyethyl) piperidine on XAD-2, 120 mg/60
mg) was used for all area and personal formaldehyde
concentration in the air sampling. Personal pumps were
calibrated and set up at for 0.01 to 0.10 liters/minute ;
NIOSH Method 254ueemployinf gas chromatography wih,
FID detector was used for analyzing the formaldehyde

concentration in the air.

After environmental samples were completed,

questionnaires were collected and analyzed.

Data analysis

The data were analyzed with the statistical
program Statistical Package for Social Sciences (SPSS
version 23). Descriptive statistics such as frequency
and percentage were used for analyzing the socio-
demographic of the respondents as well as gender, age,
and underlying diseases. The analysis also included the
number of hours the students spent studying daily and
weekly. Pearson’s correlation coefficient and spearman’s
rank correlation were used to determine the association
between those variables, and SRS. Furthermore, regres-
sion analysis was used to identify the factors significantly
associated with SRS and predict its possible occurrence.

regression analysis wan also performed to predict SRS.

Before using regression analysis, several key
assumptionenwere considere.: The linear correlation was
confirmed between SRS and the independent variables.
The use of scatter plots showed whether there was a
linear correlation. There was no multivariate normality
and multicollinearity. Variance Inflation Factor (VIF) values
and homoscedasticits were used to teed an assumptions.
A plot of standardized residuals versus predicted valuen
was used to show whether pointe were equally distributed
across all values of the independent variables. All key

assumptions were passed for testing.

Ethical consideration

Ethical approval to conduct this study was
received from the Human Research Ethics Committee of
Thammasat University, No.3. Ethical approval number
is 061/2561 and the date of approval was September
5, 2018.
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Results and Discussion
General information

Table 1 demonstrates the general profile and
SRS of the sample population. There were 53 respondents
including 37 females and 16 mally. The results showed
that 69.8% of the female participants were between

19-26 years old and 88.7% were non-contact lens

wearers. About 81.1% of the respondents had no
underlying diseases and more than 88.0% took 3 hours
for gross anatomy dissection class each time (day/week),
28.3%, 20.8%, 18.9%, 17.0%, 17.0%, and 11.3% of the
respondents reported that they had SRS symptoms in
part of back, anterior neck, upper limp, superficial face,

abdominal, and deep face dissection, respectively.

Table 1 General characteristics and SRS of the respondents (n=53)
Part of Gross Anatomy Dissection, n (%)
Characteristics Upper
Back i Superficial face Deep face Anterior neck Abdominal
imp
Male 16 (30.2) 16 (30.2) 16 (30.2) 16 (30.2) 16 (30.2) 16 (30.2)
Gender
Female 37 (69.8) 37 (69.8) 37 (69.8) 37 (69.8) 37 (69.8) 37 (69.8)
19 24 (45.3) 24 (45.3) 24 (45.3) 24 (45.3) 24 (45.3) 24 (45.3)
20 16 (30.2) 16 (30.2) 16 (30.2) 16 (30.2) 16 (30.2) 16 (30.2)
Age (Years old) 21 3(5.7) 3(5.7) 3(5.7) 3(5.7) 3(5.7) 3(5.7)
(Mean + SD: 20.45 + 23 2(3.8) 2 (3.8) 2 (3.8) 2 (3.8) 2 (3.8) 2 (3.8)
2.074) 24 2 (3.8) 2(3.8) 2(3.8) 2(3.8) 2(3.8) 2(3.8)
25 5(9.4) 5(9.4) 5(9.4) 5(9.4) 5(9.4) 5(9.4)
26 1(1.9) 1(1.9) 1(1.9) 1(1.9) 1(1.9) 1(1.9)
No 48 (90.6) 47 (88.7) 45 (84.9) 47 (88.7) 48 (90.6) 48 (90.6)
Contact lens wearing
Yes 5(9.4) 6 (11.3) 8 (15.1) 6 (11.3) 5(9.4) 5(9.4)
No 43 (81.1) 43 (81.1) 43 (81.1) 43 (81.1) 43 (81.1) 43 (81.1)
Underlying Diseases
Yes 10 (18.9) 10 (18.9) 10 (18.9) 10 (18.9) 10 (18.9) 10 (18.9)
Time of Gross Anatomy 3 50 (94.3) 37 (69.8) 45 (84.9) 52 (98.1) 51 (96.2) 44 (83.0)
Dissection class (Hours/
time) 4 3(5.7) 15 (28.3) 8 (15.1) 1(1.9) 2(3.8) 9 (17.0)
(Mean + SD: 3.12 + 0.334) 5 0 (0) 1(1.9) 0 (0) 0 (0) 0 (0) 0 (0)
Skin-related syndrome No 38 (71.7) 43 (81.1) 44 (83.0) 47 (88.7) 42 (79.2) 44 (83.0)
(SRS) Yes 15(28.3) 10 (18.9) 9 (17.0) 6 (11.3) 11 (20.8) 9 (17.0)

Environmental and indoor air concentrations
The indoor air concentrations for biological
parameters in Table 2 ranged in a dose-dependent
manner from 122.5 to 535.0 CFU/m’, 137.5 to 775.0
CFU/m® for total fungi and total bacteria in indoor air,
respectively. Most of the high number of colony counts
per 1 m’® of air were in anatomy of back and suboccipital
region dissections. The results showed that two areas
for fungal content in indoor air and three areas for

bacteria in indoor air were found to be higher than WHO

Guideline 2010(World Health Organization, 2010) Table
3 describes the environmental parameters related to the
indoor air quality result. For TVOC, the mean indoor air
concentration was 1.60 ppm (range 1-2 ppm). All of the
sampling areas were below the recommended limits of

the Department of Health (Thailand) (less than 2 ppm).

Based on formaldehyde concentration
measurement in both the laboratory environment and in
personal sampling, the mean formaldehyde concentration

in laboratory area was 0.5312 ppm (range 0.0421-1.0801
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ppm). More than 75% of the area points were below the
recommended limits of Occupational Safety and Health
Administration (OSHA) Standard (50.75 ppm). However,
half of them were found to be higher than OSHA Standard
with the mean formaldehyde concentration 0.6655 ppm
(range 0.0437— 1.3841 ppm). The highest concentration
was in group 7 (area B) in anatomy of back and

suboccipital region dissection.

The results demonstrated that the temperature
and relative humidity in sampling areas were higher
than the American Society of Heating, Refrigerating, and
Air-conditioning Engineers (ASHRAE) Standard 55-2010
(range 22.0-26.1 'C and range 30.0-65.0%, respectively).
The mean temperature of sampling areas was 31.06 °C,
in muscle of facial expression and mastication dissection

were found highest temperature in area A and C. Relative

Indoor Air Quality and its Associations with Skin related Syndrome among

Medical Students during Gross Anatomy Dissection

humidity measured ranged from 64.0 to 82.6 % (mean
72.8 %). The highest located in area D with Anatomy of

back and suboccipital region dissection.

This study found that carbon dioxide (COZ)
and carbon monoxide (CO) concentration were below
the recommended limits of ASHRAE 62 (less than 700
ppm and less than 9 ppm, respectively). The mean CO2
concentration was 459.5 ppm with range from 423.0-511.0
ppm while CO concentration range from 0.60-3.80 ppm

(mean 1.72 ppm).

In addition, more than 60.0% of light intensity
sampleg areas were found below the Department of Thai
Labour Standard (>400 lux) with range from 311.6-532.8
Lux. The lowest level located in area B while learning

anatomy of back and suboccipital region dissection.

Table 2  Biological parameters
Part of Gross Colony counts per 1 m® of air (CFU/m°)
. . n=20 Area
Anatomy Dissection Fungal in indoor air Bacteria in indoor air
1 A 357.5 737.5%
1 B 507.5* 775.0%
Back and suboccipital region
1 C 387.5 732.5%
1 D 255.0 480.0
1 A 262.5 225.0
1 B 440.0 150.0
Upper limp

1 Cc 535.0* 197.5
1 D 4425 137.5
1 A 315.0 2325
1 B 382.5 302.5

Superficial face
1 Cc 337.5 172.5
1 D 3225 197.5
1 A 267.5 262.5
1 B 337.5 202.5

Deep face

1 C 295.0 207.5
1 D 270.0 200.0
1 A 390.0 240.0
1 B 147.5 295.0

Anterior neck
1 C 220.0 182.5
1 D 122.5 180.0

Noted: * means higher than WHO Standard 2010 (5500 CFU/m®)
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Table 3  The environmental parameters related to indoor air quality
Total Formaldehyde concentration (ppm)
Relative
Part of Gross VOCs Temp m_c';_'t . CO Light
o umidi
Anatomy concentra- Area ) (c) %) Yy (ppm) (ppm)  (lux)
Dissection tion (ppm) sampling Personal sampling n=20 _ n=20 n=20 n=20
n=20 12 n=12 n=20
n=
Back and 1.0 G1 0.7656°  28.1° 81.8° 451 24  339.8°
suboccipital . b . P
. 2.0 G5 1.0707 28.4 824 511 1.3 311.6
region
0.7324 to
2.0 0.9667° G3 0.8900° 283"  825° 436 15 314.8°
G7 1.3841°
2.0 There are no study Not 28.3° 82.6° 451 1.8 342.1¢
groups in this area. applicable
Upper limp 1.0 Not applicable Not 31.8° 69.9° 435 1.9 420.2
applicable
2.0 G2 1.3581° 31.8°  70.1° 465 15 3458°
0.5330 to G8 0.9209°
1.0801°
2.0 Not applicable Not 31.8°  70.2° 473 0.6 336.5°
applicable
2.0 There are no study Not 31.7° 69.9° 453 11 259.7¢
groups in this area. applicable
Superficial face 1.0 Not applicable Not 32.4° 714° 466 1.2 532.8
applicable
1.0 Not applicable Not 32.3° 70.2°¢ 460 1.2 514.5
0.0421 to applicable
0.1177
2.0 G4 0.0437 32.4° 70.1° 462 1.2 502.5
G6 0.0858
1.0 There are no study Not 323°  69.3° 464 1.1 362.4°
groups in this area. applicable
Deep face 1.0 Not applicable Not 31.7° 64.6° 423 3.7 444.6
applicable
1.0 Not applicable Not 31.9° 64.1° 438 3.7 403.0
applicable
2.0 04809 to G4 06082 31.9° 64.4° 449 38 392.7°
0.5511 G7 0.5608
1.0 There are no study Not 31.9°  64.0° 436 37 263.0°
groups in this area. applicable
Anterior neck 2.0 G1 0.0865 31.1° 76.4° 451 0.7 368.0¢
2.0 G5 0.1218  31.1° 77.2° 481 0.6 3284°
0.2372 to
2.0 0.5338 Not applicable Not 31.0° 77.2° 485 06 392.1°
applicable
2.0 There are no study Not 31.0°  776° 500 0.7 307.7°
groups in this area. applicable

Notes: a means higher than OSHA Standard (<0.75 ppm), b means higher than ASHRAE Standard 55-2010 (range 22.0-26.1 °C), ¢ means higher
than ASHRAE Standard 55-2010 (range 30.0-65.0%), d means lower than Department of Thai Labour Standard (2400 lux)
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Association between independent variables
and SRSIndependent variables included anatomical part
subject to gross anatomy dissection, study duration of
gross anatomy dissection class, number of microbial
colonies, formaldehyde concentration both of personal
and area sampling, light intensity, carbon dioxide (COZ),
carbon monoxide (CO), total volatile organic compounds
(TVOCs), temperature and relative humidity (RH%). The
association between independent variables and SRS were
analyzed using Spearman’s rank correlation coefficients
and Pearson’s correlation coefficient as shown in Table
4-5.

Indoor Air Quality and its Associations with Skin related Syndrome among

Medical Students during Gross Anatomy Dissection

The results showed that the correlations between
anatomical part of gross anatomy dissection, temperature,
light intensity and SRS were highly negative. In addition,
the correlation between carbon monoxide (CO) and SRS

was low negative.

In contrast there was a highly positive correlation
between relative humidity and SRS. In terms of bacteria
in indoor air, formaldehyde concentration in area samples
and SRS, there was a positive correlation (Spearman’s
rank correlation coefficient 0.481 and 0.498 respectively at
p-value<0.01) while the correlation between fungi in indoor
air, formaldehyde concentration in personal samples, total
VOCs, CO2 and SRS was low positive.

Table 4  Association between part of gross anatomy dissection and skin-related syndrome (SRS)
Independent variables Pearson’s Correlation Coefficient p-value
Part of gross anatomy dissection -0.996 <0.001*
* p-value<0.05
Table 5  Association between independent variables (Internal scale) and skin-related syndrome (SRS)
Independent variables Spearman’s Correlation Coefficient p-value
Time of gross anatomy dissection class 0.047 0.443
Fungi in indoor air 0.212 0.001*
Bacteria in indoor air 0.481 <0.001*
Formaldehyde concentration (personal sampling) 0.359 <0.001*
Formaldehyde concentration (area sampling) 0.498 <0.001*
Total VOCs 0.146 0.018*
Temperature -0.906 <0.001*
Relative Humidity (%RH) 0.894 <0.001*
CO2 0.341 <0.001*
Cco -0.281 <0.001*
Light intensity -0.872 <0.001*

* p-value<0.05

Socio-demographic, environmental and indoor
air monitoring was included into the model to test their
correlation with SRS. Regression analysis covered
twelve affected variables from those analyses. Only three
influencing variables were tested by using regression
analysis as shown in Table 6. The regression analysis

model formula is shown in Equation (1).

Y =0.055 +0.093X +0.013X + 0.006X_ (1)

Where
Y= SRS prevalence rate

X1 = Total bacteria in indoor air evaluation (1 =
Pass, 2 = Not pass)

X2 = Light intensity evaluation (1 = Pass, 2 = Not
pass)

X3 = Relative humidity evaluation (1 = Pass, 2

= Not pass)
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Table 6

Regression analysis model for predicting SRS prevalence rate

Unstandardized Coefficients

Independent variables t p-value*

B Std. Error
Constant 0.055 0.001 50.559 <0.001*
Total bacteria in indoor air evaluation: )(1 0.093 0.001 131.813 <0.001*
Light intensity evaluation: X2 0.013 0.001 24.729 <0.001*
Relative humidity evaluation: X, 0.006 0.001 10.498 <0.001*

R=0.996 R*=0.991 Std.Error=0.00390 F=10011.290 Sig=0

* p-value<0.05

This study found that 28.3%, 20.8%, 18.9%,
17.0%, 17.0%, and 11.3% of the respondents reported
that they had SRS symptoms in part of back, anterior
neck, upper limp, superficial face, abdominal, and deep
face dissection respectively which supported the results
of one previous study (Takaoka et al., 2016) . Two areas
with fungi in indoor air and three areas with bacteria in
indoor air were found to be higher than WHO Standard.
Similarly, research in 2010 in the USA found that the mean
concentration in indoor airborne culturable bacteria and
fungi was similar while other studies found values more
than 10 times higher (Mainelis & Yao , 2004 ; Madureira
et al., 2015) According to formaldehyde concentration
measured in both laboratory environment and personal
sampling, about 25% of the area points had higher
concentration than the recommended limits of the OSHA
Standard. The highest concentration was in anatomy of
back and suboccipital region dissection sections. This
affirms a similar study in formaldehyde exposure among
medical students during anatomy laboratory which
reported that sections of anatomy regions related to higher
formaldehyde concentrations (Promtes et al., 2014).
Moreover, half of the personal samples had formaldehyde
concentration higher than OSHA standards. The highest
concentration was in group 7 (area B) in anatomy of back

and suboccipital region dissection.

The results demonstrated that temperature
and relative humidity sampling areas were higher than
ASHRAE Standard 55-2010. This may be according to
the natural ventilation in the laboratory. In addition, more
than 60.0% of light intensity measurements in sampling
areas were below the Department of Labour Protection

and Welfare standard.

The results further showed that between environmental
factors including temperature, light intensity and SRS,
there was a high negative correlation while between carbon
monoxide (CO) and SRS. However, the correlation
between relative humidity and SRS was found to have a
high positive correlation. The association between bacteria
in indoor air, formaldehyde concentration in area samples
and SRS had a positive correlation while the association
between fungi in indoor air, formaldehyde concentration
in personal samples, total VOCs, CO2 and SRS had low
positive correlation. This is found to be similar to other
studies on indoor air quality and SRS (Sahlberg et al.,
2013 ; Lu etal., 2016 ; Yeo et al., 2009 ; Crook & Burton,
2010)

SRS prevalence rate of medical students from three

A regression analysis model was ran to predict

influencing factors successfully predicted 99.1%
(R?=0.991) which was a good fit for the data. Based on
previous literature, there were risk factors for symptom
groups and indoor air quality associated with SBS which
can be used for predicting SBS by multiple logistic
regression analysis (Bak et al., 1997 ; Arikan et al., 2018)

Conclusions

This study found that in some areas of gross
anatomy dissection study rooms, the levels of fungi and
bacteria in indoor air were higher than WHO Guideline
2010 and more than 50.0 % of formaldehyde concentration
of personal samples were found to be higher than OSHA
Standard. In addition, temperature and relative humidity
sampling areas were higher than ASHRAE Standard 55-
2010 and most of light intensity sampling areas were found
to be below the Department of Labour Protection and
Welfare standard. The 12 factors significantly associated

with SRS during gross anatomy dissection of medical
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students. Only 3 variables ; relative humidity, total bacteria
in indoor air, and light intensity could significantly predict

SRS of medical students.

A cross-sectional study can only show a snapshot
in time, with an underestimation of the actual situation
because data are collected from a small population and
small numbers of study sites. This study concentrated on
medical students, and can serve as a baseline for relevant
agencies. Thus, university policy implementation and risk
communication will be introduced to the students and staff
to develop safety programs and sustain improvement
of behavior. Future directions of this research include
applying the engineering approach to controlling the
environmental parameters related to indoor air quality in

the gross anatomy laboratory room.
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Introduction

In 1945, Vaidyanathaswamy (1945)defined a local function
in an ideal topological space and studied some properties
of this function. In 1996, Maki, Umehara and Noiri (1996)
defined a minimal structure and studied some properties
of this structure. In 2014, Al-Omeri et al. (2014) defined
an a-local function in an ideal topological space and also
studied some properties of an a-local function. Later in
2016, Al-Omeri et al. (2016) defined an R -operator in an
ideal topological space and studied some properties of
this operator. In this article, we introduce the concepts of
0-m-open sets and d-m-open sets in a minimal structure
space with an ideal and study some fundamental
properties. Moreover, we introduce the notions of 0-m-local
functions and R -operators in minimal structure spaces,
along with studying some properties related to an

0-m-local function and an R* -operator defined above.

Preliminaries

Definition 2.1° Let X be a nonempty set and
P(X) the power set of X. A subfamily m of P(X) is called
a minimal structure (briefly MS) on X if @em and Xem.

By (X,m) we denote a nonempty set X
with a minimal structure m on X and it is called a
minimal structure space. Each member of m is said
to be m-open and the complement of m-open is

said to be m-closed.

Definition 2.2 (Noiri & Popa, 2009) Let (X,m) be
a minimal structure space and AcX. The m-closure of A,
denoted by CI (A) and the m-interior of A, denoted by
Int (A), are defined as follows ;

1) CI (A)=n{F:ACF, X\ Fem},

2) Int (A)={U:UCA, Uem}.

Lemma 2.3 (Maki & Gani, 1999) Let (X,m) be a
minimal structure space and A,BcX, the following
properties hold ;

(1) CI(X\A)=X\Int (A)and Int (X\ A)=X\
CI (A).

(2) If X\ Aem, then CI (A)=A and if Aem, then
Int (A)=A.

(3) CIm(Q)zﬁ, CI (X)=X, Intm(®)=®, and
Int (X)=X.

Yutthapong Manuttiparom, Daruni Boonchari, Chokchai Viriyapong
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(4) If AcB, then CI (A)cCI (B) and
Int (A)clInt (B).

(5) AcCI (A) and Int (A)cA.

(6) CI (CI (A)) = CI (A) and Int (Int (A)) =
Int (A).

Lemma 2.4 (Maki & Gani, 1999) Let (X,m) be
a minimal structure space and AcX, xeX. Then xeCI (A)
if and only if UnAz@®) for every an m-open set U
containing X.

Definition 2.5 (Rosas et al., 2009) Let (X,m) be
a minimal structure space and AcX.

(1) Ais called m-regular open if A=Int (CI (A))

(2) A is called m-regular closed if X \ A is
m-regular open.

The family of all m-regular open sets of X is
denoted by r(m) and the family of all m-regular closed

sets of X is denoted by rc(m).

Definition 2.6 (Ozbakir & Yildirim, 2009) An ideal

../ on a minimal structure space (X,m) is a nonempty

collection of subsets of X which satisfies the following
properties ;

(1) Ae.” and BcA implies Be. / (heredity),

(2) Ae . “and Be . “implies A\UBe . / (finite
additivity).

The set ./ together with a minimal structure
space (X,m) is called a minimal structure space with an
ideal, denoted by (X,m,. /).

Main Results

Definition 3.1 Let (X,m) be a minimal structure
space. A subset A is said to be d-m-open if for each XeA
there exists an m-regular open set G such that XeG <
A. The complement of 0-m-open set is called d-m-closed.
The family of all 9-m-closed sets of X, denoted by 6C (X).

Theorem 3.2 Let (X,m) be a minimal structure
space and A < X. The arbitrary union of d-m-open sets

is a 0-m-open set.

ProofLet B_ be a d-m-open set for all a.eJ where
J is an index set and let xeUB,. There exists BeJ
such that x e Ba. Since BB isaeé-m-open, there exists
an m-regular open set GB such that XeGBg BB. Then
xeG, B, cUB,. Therefore UB, is 6-m-open.

ael ael
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Definition 3.3 Let (X,m) be a minimal structure
space and AcX. A point xeX is called a -m-cluster point
of A if UnA=@ for each m-regular open set U containing
X.

Definition 3.4 Let (X,m) be a minimal structure
space and AcX. The set of all -m-cluster points of A
is called d-m-closure of A and is denoted by C,, (A) and
the union m-regular open sets contained in A is called
the o-m-interior of A, denoted by I, (A).

Theorem 3.5 Let (X,m) be a minimal structure
space and ACX. Then A is 0-m-openifand only if I, (A)=A.

Proof (=) Suppose that A is 0-m-open. By
definition of O-m-interior, I, (A)=A. Let xeA. Since A
is 0-m-open, there exists an m-regular open set O such
that xe OcA. This implies that xel, (A). Then Acl, (A).
Hence A=1, (A)=A. (<) It follows from Theorem 3.2.

Theorem 3.6 Let (X,m) be a minimal structure
space and A,BcX. The following property hold ;

(1) If AcB, then I, (A)cl, (B),

(2) If AcB, then C, (A)cC,, (B).

Proof (1) Assume that AcB and xel, (A).
Then, there exists an m-regular open set G such that
xeGcA. Since AcCB, we have xe GCACB. This implies
that xel,, (B). Hence I, (A)cl, (B).

(2) Let ACB. Assume that x¢ C, (B). Then there
exists an m-regular open set U containing X such that
UNB=@. Since AcB, we have UNAcUNB =@. Thus
x¢C, (A). Therefore C, (A)cC, (B).

Theorem 3.7 Let (X,m) be a minimal structure

space and AcX. The following properties hold ;

(1) C, (A)=X\I, (X\A),

21, (A)=X\C, (X\A).

Proof (1) We will show that C, (A)=X\1, (X\A)
by contrapositive. Assume that x ¢ X\ 1, (X\A). We get
that X\ I, (X\ A). So there exists an m-regular open set

G such that x e G X\ A. Then GNA =@ and xgC; (A).
Thus C, (A) = X\I, (X\A).

Next, we show that X\ I, (X\ A) c C, (A)
by contrapositive. Assume that x¢C, (A). Then
x is not a O-m-cluster point of A. There exists

an m-regular open set G containing x such that GNA =@.

Properties of Ram-operator in Minimal Structure Space with an Ideal

Sox e GS X\A and we get that x € I, (X\A). Hence x
¢ X\I, (X\A). Thus X\, (X\A)c C, (A).

(2) Since X\ A c X, we have C, (X\A) = X\
I, (X\(X\A)) by (1) and we get C, (X\A)=X\I, (A).
Therefore I, (X\A) =X\C, (X\A).

Definition 3.8 Let (X,m) be a minimal structure

space and AcX.
(1) Ais called a-m-open it Ac Int, (CI (I, (A))).

m

The family of all a-m-open sets of X is denoted by . 7.
(2) Ais called a-m-closed it CI, (Int (C, (A)))CA.

Theorem 3.9 Let (X,m) be a minimal structure
space and AcX. Then A is a-m-open if and only if X\ A

is a-m-closed.

Proof Assume that A is a-m-open. Then A
Int (CI (I, (A))).and X\A 2 X\ (Int (CI (I, (A)))). By
Lemma 2.3 and Theorem 3.7, X\ A 2 CI (Int (C, (X\
A))). Therefore, X\ A is a-m-closed.

Conversely, assume that X \ A is a-m-closed.
Then CI (Int (C, (X\A)))c X\Aand X\CI (Int (C, (X
\A))) 2 X\(X\A). By Lemma 2.3 and Theorem 3.7, Int
(CI (1, (A))) 2 A. Hence A is a-m-open.

Example 3.10 Let X ={a, b, ¢, d} with a minimal
structure m = {@, {a,b}, {b,c}, {c,d}, {a,d}, x}. Then r(m)
={0.{a,b},{a.d},{b,c}.{cd} x},and 00, (x) ={D,{a,b},
{a,d},{b,c},{c,d},{ab,c} {abd} {a,c,d} {b,c,d} x}, . Vi
= {0, {a,b}, {a,d}, {b,c}, {c.d}, {ab,} {abd}, {a,cd},
{b,c,d}, x}.In this example {a,b}{a,d}e. //° but {a,b} N
{ad} = {a} ¢ . //°, that means . //° does not have the
property that any finite intersection of a-m-open sets is
a-m-open.

Definition 3.11 Let (X,m) be a minimal structure
space and AcX. The a-m-closure of A, denoted by aC (A)
and the a-m-interior of A, denoted by aIm(A), are defined

as follows ;

(1) aC (A)=n{F:X \ Fe . /7 and AcCF},
(2) al (A)=U{U:Ue . //* and UCA}.

Theorem 3.12 Let (X,m) be a minimal struc-
ture space and A ¢ X, xeX, Then xeaC (A) if and
only if UNnA=@ for every a-m-open set U containing x.

Proof (=) Suppose that there exists an a-m-open
set U containing x such that UnA=@. So A < X\ U and

X\ U is a-m-closed. Since aC (A) is the intersection of
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all a-m-closed sets containing A, aC (A) < X\ U. Since
x ¢ X\U, we have x ¢ aC (A).

(<) Assume that x ¢ aC (A). Then there exists
an a-m-closed set F such that A< F and x ¢ F. Choose
U=X\F Then Uis a-m-open and x € X\ F = U.
Moreover, UNnAc (X\F)NF =@.

Theorem 3.13 Let (X,m) be a minimal structure

space and A, B < X. The following properties hold ;
(1) If A< B, then aC (A) c aC (B).
(2) If Ac B, then al (A) cal (B).

Proof (1) Assume that Ac B and x ¢ aC (B).
Then there exists an a-m-open set U containing x such that
UNF=0.SinceAcB, UNA=0.Hence x ¢ aC (A).

(2) Let Ac Band x € al (A). Then there exists
an a-m-open set U such that x e Uc A. Since AcC B, x
€ Uc B. Therefore x € al (B).

Proposition 3.14 Let (X,m) be a minimal structure
space. Then Be. /° and Xe. /°.

Proof Since @ c Int, (CI (I, (D))),Dis a-m-open,
and so @e. /°. Clearly X = Int, (CI (X)), so X is an
m-regular open. Then X is d-m-open, that is I, (X)= X,
and so X c Int, (CI (I, (X))). Therefore Xe. //*.

Theorem 3.15 Let (X,m) be a minimal structure
space. Then the arbitrary union of elements of . Vs
belongs to . /"~

Proof Let V_ be a-m-open for all aeJ and
G=UV,. Then V. < Int (CI (I, (V ))) for all aeJ.
Sinc(éEJVa c G, it follows that Iém(Va) c I, (G) and so
Ccr, (V) cCl (I, (G)).ThenInt (CI (I, (V )))<lInt,
(CI (I, (G))). This implies that V_c Int (CI (I, (G))) for
all aeJ. Thus UV, clInt (Cl (15.(G))). Therefore G

ael

c Int (CI (I, (G))).

Corollary 3.16 Let (X,m) be a minimal
structure space. Then the arbitrary intersection of

a-m-closed sets is an a-m-closed set.

Proof Let G, be a-m-closed for all aeJ.

Then X\ G, is a-m-open and so U(X\G,) is
ag)

a-m-open. Since X\(G,=U(X\G,), NG, is

ael aej ael

a-m-closed.

Remark 3.17 In a minimal structure space, by

Corollary 3.16, aC (A) is a-m-closed.
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Theorem 3.18 Let (X,m) be a minimal structure

space and AcX. The following properties hold ;
(1) aC, (aC,(A)) = aC,(A),

m

(2) al (al (A))=al (A).

Proof (1) Clearly aC (A) < aC, (aC (A)). Since
aC (A)is a-m-closed, aC (aC, (A)) < aC, (A).Therefore
aC (aC (A))=aC (A).

(2) Clearly al (al (A)) = al (A). Since al (A)
a-m-open, al (A)c al (al (A)). Therefore al (al (A))=
al (A).

Let (X,m,. /) be a minimal structure space with

an ideal. For each xeX, let. /° (x) ={U : xeU, Ue. //*}
be the family of all a-m-open sets that contain x.

Definition 3.19 Let (X,m, - 7) be a minimal struc-
ture space with an ideal and A ¢ X. Then A2 (.7 ,m) =
{xeX:UnAg. 7, for every Ue. /°(x)} is called a-m
-local function of A with respect to. /'and m. We denote
simply A2 for A% (.7 m).

Remark 3.20 The minimal ideal is {@} and
the maximal ideal is P(x) in any minimal structure
space with an ideal (X,m,. ). It can be deduced that
A% ({@},m)=aC, (A)and A (P(X),m)=D for every
AcX.

Remark 3.21 In general, AczAf; and Af;¢A.

The next example shows that Az A7 .

Example 3.22 Let X = {a,b,c,d} with a minimal
structure m = {@, {a,b}, {b,c}, {c,d}, {a,d}, X} and . / =
{@, {a}, {b}, {ab}}, A = {a,b}. Then . /° = {©, {ab},
{a,d},{b,c},{cd}, {ab,c} {abd} {ac,d} {b,c,d} X}and
AL =0.

Theorem 3.23 Let (X,m,/ ) be
a minimal structure space with an ideal and A, B < X.
The following properties hold ;

(1) (D), =2.]

(2) If ACB, then A? <B?.

(3) (AR5 C A

@) A}, UB, c(AUB);,.

(5) (ANB)®. = A NB2.

(6) (A\B): \(B)®, = AZ\B.
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Proof (1) Assume (@)f;;t@. Then there
exists Xe(@):. Since Xe. /% (X), XnDe. /. It
contradicts with Xn@=@¢. /. Therefore (@)f;;:@.

(2) Assume that AcB. We will show that
Af;ng; by contrapositive. Suppose that X¢ Bf;.Then
there exists Ue. /* (X) such that UnBe. /. From AcB
and the property of ./ UnAe. /. Therefore XeAf;.

(3) Assume thatxe(Af;)f;, and Ue. /7 (X).
Then Af;mUe ./and so Af;mU #(J.Thus there ex-
ists ye Af;mU, and so yeUe. /* (y). This implies that
AnUg. /. Therefore Xe A .

(4) Since AcAuUB and BcCAUB, by (2)
Al c(AUB), and B, c(AUB):. So
Al UB. c(AUB);,.

(5) Since AnBcA and AnBcB, by (2)
(ANB). c A% and (ANB);, cB;,. So
(ANB);, c A NB;.

(6) Since A\BcA, by (2) (A\B)® cA® . So
(A\B):\B; c A’ \B..

Theorem 3.24 Let (X,m) be a minimal structure
space and . /. / are ideals on X where . /< /. Then
AL/ m) < AL(. 7 ,m) for all ACX.

Proof Let that
xeA; ( /,m). Then UnAg / for every Ue. 77 (x).

Since . /c /', UnAg. / for every Ue. /* (x). Thus
xe A (.7, m).Hence A, ( /im)< A, (-7 m).

AcX. Assume

Theorem 3.25 Let (X,m, ./ ) be a minimal
structure space with an ideal and AcX. The following
properties hold ;

(1) A, caC,(A),

(2) Af;=aCm(A), (ie., Af; is an a-m-closed
subset).

Proof (1) Assume that xgaC (A). Then there
exists an a-m-closed set F such that AcF and xgF.
Thus x € X\ F, and so X\ F €. /°(x). Hence (X\F)"A =
Qe./, and so xg A2 . This implies that A> —aC_(A).

(2) It is clear that Af;gaCm(Af;). Next, we
will prove that aC_(A;)cA;,. Let xeaC, (A})and
Ue. /% (X). Then Al NU=D. Therefore there exists
yeAf';mU, so Ue. 7/° (y). Since yeAf;, AnUg. /,
and so x€A; . Then A} =aC (A}).

Properties of Ram-operator in Minimal Structure Space with an Ideal

Theorem 3.26 Let (X,m,. /) be a minimal
structure space with an ideal and AcX. The following

properties hold ;

(1) If Ae. 7, then A% =(.

@) If Ue 7, then AL =(AUU)%.

(3) If Ue. 7, then A% =(A\U)?.

Proof (1) Assume that Af; #(. Then there exists
xeA? . Since Xe. /* (x),A=XnAg./.

(2) Assume that Ue. /. Since ACAUU by Theo-
rem 3.23(2), we get A> <(AUU):,.. Next, we will prove
that (AUU)2 A% by contrapositive. Suppose that
xg A’ . Then there exists Ve. //%(x) such that AnVe. /.
Since (AUU)NV=(ANV)U(UNV)e./, (AuU)NVe. /.
Therefore xg(ANU)? .

(3) Assume that Ue./ .
AZ =(ANX)% =(AN((X\U)UU)): =((A\U) U(AULU))?,
and AnUcUe. 7/, by (2) A2 =(A\U)?.

Since

Definition 3.27 Let (X,m,./) be a minimal
structure with an ideal. An operator R :P(X) —P(X)
is defined as follows ; for every AeP(X),
R (A)={xeX:there exists Ue. //*(x) such that (N e

.

Theorem 3.28 Let (X,m, /) be a minimal
structure space with an ideal and AeP(X). Then
R (A)=X\(X\A)%.

Proof Let xe®R’ (A).

an a-m-open set U containing x such that U\Ae

Then there exists

7 Thus U (X\A)e. /. So x(X\A)’. and hence

xeX\(X\ A): . Therefore R2(A)=X\(X\A): .

For the reverse inclusion, let XeX\(X\A)f;.
Then xg(X\A):. Thus there exists an a-m-open set
U containing x such that Un(X\ A)e. 7 This implies that

U\Ae. /. Hence xeR:(A). So X\(X\A)2 =R (A).
Therefore R2(A)=X\(X\A)? .

Example 3.29 Let X = {a,b,c,d)} with a minimal
structure m = {@, {a,b}, {b,c}, {c,d}, {a,d}, X} and / =
{9, {a}, {b}, {a,b}}, A = {a,b}. Then = {D, {a,b}, {a,d},
{b,c}, {c,d}, {a,b,c}, {a,bd}, {a,c,d}, {b,c,d}, X} and
R° (A)={ab}.

Theorem 3.30 Let (X,m,. /) be a minimal structure

space with anideal,and A< X. Then R} (A) is a-m-open.
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(3) Assume that (A\ B)U(B\ A) € ./ .

Yutthapong Manuttiparom, Daruni Boonchari, Chokchai Viriyapong
Proof We know that R7 (A)=X\(X\A): and
(X\A)2 is a-m-closed. Therefore R (A) is a-m-open. ~ Thus

Theorem 3.31 Let (X,m, ./ ) be a minimal
structure space with an ideal and A,BcX. Then the
following properties hold ;

(1) If AcB, then R (A) =R (B).

(2) If AcB, then R2 (ANB)cR2 (A)NR2 (B).

(3) If AcB, then R (A)UR’ (B)cR: (AUB).

(4) If Ac. /%, then ACR? (A).

(5) If ACB, then R (A)R2 (R (A)).

Proof (1) Assume that AcB. TherJ X\BCX\A.
By Theorem 3.23(2), (X\B)fng(X\A)fn and hence
X\(X\A)Z CX\(X\B) Therefore R2 (A)cR2 (B).

(2) Since AnBcA and ANnBcCB,
R (ANB) R (A) and R (ANB)c= R, (B) . There-
fore N2 (ANB) <R (A)NR: (B).]

(3) Since AcAuB and BcCAUB,
R (A) =R (AUB) and R; (B)c R’ (AUB). There-
fore N2 (A)UR: (B) R (AUB).

(4) Assume that Ae./? Then X \ A
is a-m- closed By Theorem 3.25(1), we get that
(X\A)?, caC H(XNA)=X\A. Therefore
A=X\(X\A) = X(X\A)2 =R? (A).

(5) By Theorem 3.30, we get that R (A)is
a-m-open. By (4), we get that R? (A) = R? (R (A)).

Theorem 3.32 Let (X,m,. /) be a minimal struc-
ture space with an ideal and A, B, UcX. Then the following
properties hold ;

(1) If Ue. 7, then R (A\U) =R (A).

(2) If Ue. /7, then N2 (AUU) =R (A).

(3) If (A\B)U(B\A)e. /, then R? (A)=R: (B).

(4) If Ae. 7, then R (A)=X\X?..

Proof (1) Assume that AcX, U e. /. By Theorem
3.26(2) and 3.28, we have R (A\U)=X\(X\(A\U))?
=X\((X\A)UU))> =X\(X\A)®. Therefore
R (A\U) =R (A).

(2) Assume that Ue. /. By Theorem 3.26(3),
we have R (AUU)=X\(X\(AUU))
=X\((XVANU)E =X\(X\A)? =2 (A).

R (=9 (A\(A\B)
—9R° ((A\(A\ B)U(B\ A))
=R (B).

(4) Assume that Ac. /. By Theorem 3.26(3),
we get that R2 (A)=X\(X\A)? =X\ X

Theorem 3.33 Let (X,m,./) be a minimal
structure space with an ideal and AcX. Then
R (A)=R° (R (A)) ifandonlyif (X\ A)E =((X\ A)? )2 .

Proof It follows from the facts that,

) R2(A)=X\(X\A)®

1) RRL(A)=
=X\((X\A)? )2,
Therefore K2 (A)=R2 (N2 (A))if and only if
=((X\A))2 .

and R,
XALX\ (XA (X\ AT

(X\A):

Discussion and Conclusion

The aim of this article is to introduce the results
of properties of some sets in a minimal structure space
with an ideal. In addition, we study some properties of
0-m-open sets, a-m-open sets in a minimal structure space
with an ideal. Moreover, we define an d-m-local function
and an R® -operator in a minimal structure space with an

ideal. Someproperties of them are obtained.
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Abstract

An alternative electromagnetic field meter which consisted of 1) a probe made of an iron core, which is wrapped
around by copper wire that is a function of receiving AC magnetic field signals, and 2) a display box having the
function of taking signals from the probe to process with Node MCU and displaying the measuring results on a digital
LED screen in a millitesla unit. The percentage error of measured results using the invented magnetometer are
compared with ones obtained with the standard tesla meter. The efficiency of the magnetic field meter is considered

for physics teaching management specialists.

The results of study showed that the simple AC magnetic field meter invented here can measure and display
the AC electromagnetic field from the coil. The results were close to those obtained from the standard meter. We
found that the percentage error is not more than 6 % of the measured magnetic field in the range of 2.3-5.1 mT and

in the frequency of 50 Hz, and that the level of quality of the invented meter is very good.

Keywords: AC magnetic field, Induction coil, Learning Teaching
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Figure 3 Relationship between electromotive force and
electromagnetic field of probe coils
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Construction of a Simple Alternative Current (AC) Magnetic Field Meter

for Classroom Teaching
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Figure 7 Relationship between electromotive force
and AC magnetic field
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Table 1 Magnetic field test
Times Blﬂb (mT) Bmst (mT) Error (%)
1 2.39 2.48 3.77
2 2.68 2.69 0.37
3 2.81 2.85 1.42
4 2.89 3.04 5.19
5 3.16 3.24 2.53
6 3.87 3.97 2.58
7 4.15 4.3 3.61
8 4.68 4.87 4.06
9 5.81 6.06 4.30
Table2 AC magnetic field meter quality assessment
results
Assessment list X SD Meaning
1. General physical
maintenance and repair 4.78 031 Very good
2. Usage characteristics 4.67 0.47 Very good
3. In terms of use in
teaching and learning 444 0.78 good
Average 4.63 0.52 Very good
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$#lvnniu unenwiliiawensansmslwadouiuuusssuna (passive flow) WazLUUTNAY (active flow) A
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fanutuSifefiag LLafzmqmﬁﬂHmzmﬂWi\mmq nn 15 W NAMTIATIERN TN UVBIVBILHS SPVT Uaad
TR 31JLL1_|umi"l,mﬁm‘fnLmuﬁ’aﬁummmmuquqnmgﬁLLmvlﬁéﬁn'jﬂLmUﬁﬁmwa Taom3lnadswiuoy
Teufisanlne 0.02 kgls 1ﬁﬁ1ﬂiz'§ﬂ%n1wmﬂ%lﬁﬁgaﬁq@ Winiu 12.73% wazlidseinininneanuien waz
ﬂszaw%mwmugaﬁq@ WYL 49.36% uay 62.09% AU #aNNIHLKS SPVT fivinmsanenlienanusasaing
FrananeTwRsawasanmsldnuluiudim

Mdag:  unsndaliuazanusausiansllsouas dssdntanunnda wiuszanusaniiusianslysouss
\rasLIaIfiagd

Abstract

The semi-transparent photovoltaic thermal module (SPVT) is a solar module that can generats electricity, heat and
part of sun light through the module while operating, which is beneficial for improving of solar utilization per area of the
module. This paper presents the effects of the natural and force flow patterns on the efficiency of the SPVT module.
The 100 W SPVT module had an area of 0.72 m” and was designed, studied and experimented at Mahasarakham
University. The solar module temperature, water temperature, ambient temperature, solar irradiation and electrical
parameters were measured every 15 minutes. The analysis of results showes that the water with active flow pattern
induces a module temperature lower than in the passive flow pattern. The active flow of water at 0.02 kg/s causes
maximum electrical efficiency, thermal efficiency and overall efficiency of SPVT module by 12.37%, 49.36% and 62.09%

respectively. Moreover, thedSPVT module provides sufficient illuminance for the general area during the day.

Keywords: Semi-Transparent Photovoltaic/Thermal module (SPVT), SPVT Efficiency, Solar cell
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at solar irradiance



232  Akaphoom Jaisiri, Amusorn Seangprajak

lugrnvaiausiaulni1nsasdanasnszus
IWHda2997 lduaasnans@inmlu Figure 10 uaz Figure
11 @NURIAU ﬁnniﬂLLamlﬁLﬁu’hmﬂmL"‘jsmi{'u,mu
Taaulen V_oua | FINIMI AL ULLUTIINTE
lasdn v, ummmumumamwmﬂm e | fein
meumumamwmsvlmmlm 0.005 kg/s wm 002
kgls aAnldniniu | 2z LU THNARAUAIEAIINT AR
Luaammuaamwmﬂmmwmm sonariliamng
LHINAGR (Figure 8) mwamwmmu’tumimaauﬂ
yasBiEnasaniisonde P-N SaasvhlinssusWingaases
aadasEmiay (Javed, 2014 ; LQTHGATY BuLsen uas
Tut nIWdRIR, 2554) udaenilafdminfiansandayalu
Figure 10-12 9211 l@3NAN0LANAITBIUTING NIZUE
Wi uazArdszansnnms i fisamnnslvasngg
fudiiuddyiouann LLﬁ@]ﬂﬁLﬁ%’hﬁﬁ'}é’m’mnﬂmﬁga
Anludusgonaiosunndansiinduuasemslnihaas

222 4 ---®--- Solar irradiance —--m--0.005kg/s - 900
® 0.01kgls
22.0 A 0.02 kgls
—v—0.04kgls 800
21.8
g 21.6 -{ 700
S
21.4
% - " - 600
> 2124 ] e “V—y
= s oy ]
O 21.0 \‘A‘o\ '\ 500
6 / “AA VV v
[ L]
g 2087 .. ~ \ + 200
& 206 ¢ N A\
a * 4300
20.4 .:: :
20.2 4 . ‘. 1 200
20.0 us
T T T T T 100
8 10 12 14 16

Time (hr)

Figure 10 Open circuit voltage characteristic towards water

mass flow rate at solar irradiance

---8--- Solar irradiance ~m-0.005kg/s - 900

45 ® 0.01kgls
2 —A—0.02kgls
A . v 004kg/s - 800
404 . ‘\,ﬁ\ﬁ 1
— {f | 4 4700
< 35 e
< 35 4
5 e by -+ 600
‘g 3.0
= ﬁ‘ . - 500
5 A's By
£ 254 u
= / . 4 400
n L
& 20 B
[] ﬁ 1300
151 i
e 1 200
1.0 .
T T T T T 100
8 10 12 14 16

Time (hr)

Figure 11 Short circuit current characteristic towards water
mass flow rate at solar irradiance
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Figure 12 Electrical efficiency towards water mass flow rate

- m - 0.005 kg/s
80 + A ® - 0.01kg/s
A A —4—0.02 kg/s
70 / v - 0.04 kg/s
A ML _a \ A
/\ A—TA v‘ A
—~ A \ A
604 A Ky i A
> /A [ ]
Q 50 A b ° o, °
@ | >
S R A L .
£ 40 A® ® o A
[T o v v, v
= A v v v v-v /
IS
5 304 / v P W
[E ‘... — e ..-V uw *I. [ B o
20 - A v A .
v
10 4 Y
.
0 T T T T T
8 10 12 14 16
Time (hr)

Figure 13 Thermal efficiency towards water mass flow rate
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