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Editorial Message

Congratulations to all researchers whose article(s) have passed the peer review and were published
in the Journal of Engineering and Digital Technology (JEDT), Vol. 11 No. 2. All articles published in this issue
have best quality contents and are extremely useful. They can be used for development of innovation.

The journal's policy remains the same, accepting articles in both Thai and English under the accreditation
of TCl (Thai-Journal Citation Index Centre). Therefore, JEDT received more attention from both national and
international researchers.

JEDT has been certified to be in the TCl 1 continuously until the present. The editorial team will
always maintain this standard. The editorial team hope that all articles that were published in this journal

will be beneficial to all readers for citation to their research and development.

Assoc.Prof. Dr.Ruttikorn Varakulsiripunth
Editor-in-Chief
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Abstract

This research aimed to develop a 200-liter iron kiln to produce biochar and wood vinegar from pineapple leaves
provided from Khao Khan Song sub-district, Sriracha district, Chon Buri province. The preliminary experiments were
conducted in the laboratory scale to determine the optimum operating temperature and time for biochar
production. The experimental results showed that the highest solid yield was 33.02 wt.%, obtained at 400 °C and
for 1 h, with the highest heating value as 23.25 MJ/kg. The 200-liter iron kiln was then developed consisting of 3
parts: biochar production kiln, condensation apparatus for storing wood vinegar and combustion kiln for heat
production. It was found that the developed 200-liter iron kiln could produce biochar and wood vinegar from
pineapple leaves. The 20 kg of pineapple leaves can produce approximately 2 kg of biochar and 10 kg of wood
vinegar. The analysis of biochar revealed that biochar had 70.49 wt.% of Carbon content with the highest heating
value of 25.97 MJ/kg. The generated wood vinegar is mainly composed of Phenols and Phenol derivatives, including
Guaiacol which has antifungal and antibacterial properties. The wood vinegar could be used in agricultural areas
to eliminate root rot disease and plant fungi. It could also be sprayed in order to inhibit germs growth and some
pests as well. The analysis of costs, the possibility of product creation and implementation presented that the

number of payback operations was 16 and resulted in a wide variety of value-added products.

Keywords: Agricultural waste, Biochar, Low-emission kiln, Pineapple leaves, Wood vinegar
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C e Sesarlnethniinuessmaniuouiade

H  #e Sesarlnsninvessiwlelasiauiais
myeeiesUszneuvendun Ul eiderses
Gas Chromatograph—Mass Spectrometer (GC-MS /MS TQ)
3U AGILENT 7890 GC/7000C GC/MS TRIPLE QUAD lagl%
fedutl CP-Wax wseushegndasnisiduaiuls 5 va.
nauiuwenlutleulansenlas (Q ReC™ AMMONIA SOLUTION
28%) 1.5 1. WioUSUlH pH fidUszanas 5 9rntudiale
AaBLsiinu (Fisher Chemical™ Dichloromethane) 50 Lo¥ia

228N (RCl Labscan™ Ethyl Acetate 99.8%) 3 1a. 9Nt
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Fahlunsoaavmsgunsaud1nsunIsIASIEioIRUsenau
ol [15]

4) Nan1TIvY

4.1) auvfvesluauizse

NAN1TILATITTREaYAISUBUY Sovaslalasiau Seeay
lulasiau uwazSevazeandiauvesludulssanuinianiinu
4588 + 0.70, 6.60 + 0.12, 1.15 + 0.28 way 46.37 + 0.76
Tagthaiin sudidy dwmdunanisiinsesisaludives
Tududgsanuinfidesaslngiminuossineng q dail
Inuna@en Seeaz 26.60 AU oA 7.64 LAALTYL

£

Seway 2.89 Weanasd Sovay 2.79 wunidey Souay 2.35

a

Fhnou fevar 1.44 waznusiandvsunaliifiuievay 1

oA Famles uuania loden s0Ren uagdu 9

100

80

60 - 8
i
\

40 ' -12

20 : : ‘ -16

TG (wt.%)
DTG (%/min)

Temperature (°C)

JUN 2 : mylleTgvinsaanefmisenuieumeinailn TGA

U7 2 uansransliaszinnsaaefmisauouves
Tudulgsanamailn Thermogravimetric Analysis (TGA)
nuilududzaniinisgydonnuduiuigumgiivesis
Uszunal 200 esrngaldoa v lddminanasussua
fovay 10 vesiuiindudu mnduladunisaaisiives
peRUsEnaundnde 9 laun weliwaglaa sudaeaglaa
warAniiuuiedu Swilviminuesiusnsanasd sy
Yoway 50 uaviinsaanesunniignigamaiszann 350
psm Ao [16] Wlegumaiiunnnit 350 esrwadea
Tuduugzsndaiinsaatefediadn q aunseiafsgumgd

Uszaal 550 99fLwalfvd 1HoIa1nN1saauiiuesaniiy

wazisaglaafindeny sunssiaiminvasludulzsnanag
widoUsznndesas 25 Sedaruululdinintiniiuge
ogfiuduthminuesensusuasiouandn
nmsAinvnsaaesavesudulssnivilvinuedide
ladendregamgilunisfnwinisudnaiudininainly
dulzaaiionmgil 400-500 ssrwaidua Sadugamaii
assemeiinsaaemluidudnunnuasilonafiazld

dudinmasiananusounazaulugniuas

4.2) MIHANDINTININTEAUNRIUNUANIT
1NNITHANSIUTINNLALNITOBNUUUNITNARDIULUY
CCD fsvaziBoalunsned 2 dmsuiovaznaldveauds
gnsdrumsuausalalasiau wazAruiougegn (wny
gasaflaniy) vasaudinn nenanisvnaouanbiliu
Twalfveudegeiianiigamai 400 ssrmisaifsauasinan
1 $alas endevaznaldvesudaririuiosas 33.02 dnsu
AANToUEIARYRIUTININAIINTUF UYL IANANITVIAA DS

A

wans b iLINTA1USTI 20-23 wingaasantansy Taed

Y

N

A laudinmilaiauTougeanas aamail 400
aergalduanazian 1 Filus daranuseugegaviniu
23.25 wnzyadeflaniy FauinnitAiniiuieuvesly

dudysaunis A 18.54 Wnggaseilansy

- v v & o | ' %
P15797 2 : Sezaznalrveuds snsrd C/H AT ATAINNIDUGNER

YDIIUTININ

Tempera- Time % Solid C/H ratio HHV
ture (°C)  (h) yield (Wt.%) (MJ/kg)
379.29 1.50 29.2610.45 18.46%1.66 20.89
400.00 1.00 33.0210.44 19.731£0.91 23.25
400.00 2.00 22.57%0.00 19.10%0.10 22.57
450.00 0.79 27.50%0.71 22.27%£1.85 22.18
450.00 1.50 20.98%0.00 25.41%3.32 22.64
450.00 2.21 20.64+0.90 27.19%0.36 21.13
500.00 1.00 18.88%+0.53 30.08%0.93 22.39
500.00 2.00 18.93%0.40 28.34+1.71 20.82
520.71 1.50 15.0710.08 32.95+1.92 20.83
450.00 2.21 20.64+0.90 27.19%0.36 21.13
500.00 1.00 18.881+0.53 30.0810.93 22.39
500.00 2.00 18.93%0.40 28.34+1.71 20.82
520.71 1.50 15.0710.08 32.95+1.92 20.83




JUN 3 : suBinwannludulzsaseiuviosdfURnns

U7 4 : (n) nmaendesganssauBiinaseunuudensiad

o w

fdaee 250 win vadludulssanaunisen wag (@) Tududssa

wiINMsngamail 400 ssreadea W 1l
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) o A a v v
ﬂ‘i‘f}ﬂalgsl]@ﬂﬂ']u‘ﬁ"}ﬂ']Wﬁ]7ﬂ1UﬁUﬂ3§ﬂV|Nam1u33ﬂUﬁ@Q

UiRnsuanafegun 3 Banudndiadnauagdadizusna
a’l L

adeiulududgsauwianownn tnedinunitsedluasan

Uszaunal 3 wuiuns setludulesavasanudininld
AaszidnuaziuRiendeqanssmidianaseuwuudes

Ao w | ' a ¢ Y] a
N3IAAMAIVETE 250 11 NUIHANITIATIZALARIAITUT
4 9n3UN 4(n) wudrdnwugituiiveslududssanaumn
Aout1asey Wedllwfigamgi 400 esewaided 1

v
a =

nan 1 Hilus annsadanaiunnugussuasgnguAndy
Fauansluguil a@) iosannisaaneiivssesduszney
wnursdrusaznaneifuansseive deiildnanluudrdneiu
ogdlsfinugnuilindussnsdidnuuglidaouiosnings
\Aannsaanedmiannudeyllauysaiigamgiis sinld

fanallansszivgog uuinveTINN [17]

TN 3 1 MFNATIZIAMUUUTUTIU (ANOVA) Ue3gmumgiluagiian

(n) vefavaznalavaauds

Source Sum of Squares  Degree of Freedom  Mean Square F-value p-value
Model 264.04 4 66.01 128.5 0.0002
A 179.06 1 179.06 348.57 < 0.0001*
B 50.51 1 50.51 98.33 0.0006*
AB 27.56 1 27.56 53.66 0.0018*
B2 6.91 1 6.91 13.46 0.0214*
Residual 2.05 4 0.5137
Total 266.09 8

(¥) fiodngrd C/H
Source Sum of Squares  Degree of Freedom  Mean Square F-value p-value
Model 203.45 2 101.73 42.85 0.0003
A-gaunqil 200.82 1 200.82 84.59 < 0.0001*
B-11an 2.63 1 2.63 1.11 0.3330
Residual 14.24 6 2.37
Total 217.70 8

Tnedl A fo gaumdl (eseniwaLdoa)
B e a0 (3l
* pvalue < 0.05 wansiinafisziuanudesiu 95%
QRASIVELALHA
dlevmansmeassfiinisesnwuunmvaaedagds CCD

fananalumsnen 2 luinsigranuwlsusiu aglananns

a I3 o = ::4' a I3
AATIZAUAAIAINTIN 3 Tgn5199 3(N) LAAINITIATIZI
[y 1 v I3 =
navealadunisvaaossonalaeiuds Lazn15199 3(2)
UAPINITIATIEINATDIUATUNTVIARD IR DN TIAIUTENING
Arsuounelalasiau 91nN1SRINTUIA p-value NSEAU
AR 95% NUIA p-value YD TLALLIAN

Tun13199 3(n) wazianizaamgilunisnei 3(v) danves
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11 0.05 waneigamaiinaziianiinasieSevaznalivouis
Turngiififissgungiviniuiiinadesnsidiusgnin
A1suauLazlalnsiay uaﬂmﬂﬁé’umﬁ%miwﬂwqmmﬁ
waznandiinanedesaznaldvasuddnde andudle
HANISIATITRANLUTUTINIES1aunsanaesd1nsu
Sovavnalivaandauardnsiaiuseninemsveunslalasiau
anansanansldsauns 4 uaz 5

aunsanneudmsuiesarnalnvauls

%Solid yield = 21.93 — 4.73A - 2.51B + 2.63AB+ 1.198° (4)

AUNNSANNRYA M UORTIEINASUBUAB lElATIaU

C/Hratio = 24.84 + 5.01A + 0.57B (5)

5o A fio gaungfl (esmiwaiTea) uas B Ae an (Hal)
Tnedien R vesaunsd (4) waz (5) SAwviiu 0.99 wax 0.93
AUy uasiituiinevauesdmiutevazualdveuds
uagdnduszninsaniueuselalasiaunansfagui 5n)
way 5() MIUAINU

TnENMIaRaEaIiuENUSYATRIA A uay B d1msu
Yovanaldveudafidnuau wansinsifiugamgiuay
navhliSevaznaldveudanas luvasfiduuszaninn
A dwmsusasdiumsveuselalasauiianduuin wanein

nsisgungIvinlignsduseninsaniveusslalasiau
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a

AlAgnsduseninmsuaumalalnsauiudu 199910
nsaanedmauseuvenraglaauasaniunaiedu
Yaunalnalananikazuiia [18] FaUsenousialalag
5 a acaa I3
ANSUAULATA15OUNI ENTeeRUsenauvlalasiauun
A A o & A A v | ' s ' 5
y3edntenilafalionsidrusenineansuausalalasiausi
sewgpnlUanlasedsne wazasmdelisasrusenaund
anudutounaziimiveuduesdusznouss
INAURINOUANDINUAAIFTIFUN 5 aeifiudniuls
PovaANDIvRISorazNalavadalinulAwdntiey SuLiles
WNNAVITUAIATEI ST lkaziian agelsh
auaziiutgauiivasiiafinasgnwnaesesavnale

Y9 T99ur lRdn v iUl vaussliaulndLAs LT

v ot ' o

LU FIAAENANIINAABINUNUITUN DU

v
A a o '

NURINDUAUDIVDITNTIAIUTENINIANSUBUAD LELASLAU

[19] luwaued

dnwaziBadu iesnnnlilfinavesdunsisouasdadoilyl
agludnwauzldadu (quadratic effects) Ao A” wag B” A1n
woAnssudsnanagiiuiinngivilildfesarualdvoud
uazdnsduszineensususielelnsiaugegnazogfisumi

a

Suituianeuaue naAeigauniivseaniiAgeganse

Windw Wefiansansiudunanisveaedunisned 2 Wiy Agatiues
niAnudennRpdiu HuAe Wegumgluazaniudu vin
(m | * @)
30
P =
3
=
5
= 15
400 400
2 2
Temperature (°C) o
Time () Temperature (°C) Time (h)

o

U7 5 : (n) Wufmevaussdmuiesaznalivonds uas (1) dnaduseninasueudelalasiau
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aa

Fouggavesntuiinmeteilitdud 1Ay e ngaumaiin

v
=

gt lidanaiamanueludldedsauysaiinniu
assemedalisnsduseninmiveusielslasiaudiiniioy
gnMdneendNtATeEIavesudinIm vilaudinind
09fUszNOUAITUBLAITY uanaNtHaNTTIATIE AN
wUsUmuduandliiuindunsisenseninsgamaiivasiia
finasiefovaznalsvoands uansinisidsuulaandly

TUNSHANEIUTININAINANTENUAB LU LUNLARINANS

o
[ YY) a

Wasuwasgumgll ey msmuaugamgiiieliildtes
aznalddudinmeuiidesnsiu Sudusesnuguiati
g maifiugnmgiionalivinliesasnaldvesuds
anavauelumnlgiiatlaun deanslunanisnaasiain
A157971 2 BndeEaty NSNARELTINNT 379.29 B9
walded 1an 1.50 Hlus IiSesaznaldvaudaviniu 29.26
Fetlouninnsnandiudinand 400 esrwaidod 1aan 1
Flus flisevaznaldveudaniifiu 33.03 wie n1sudn
fuFan il 400 ssrwaiud 1an 2 Falus ISevazuals
Youd U 22,57 Fetleuniinisuanaiuianind 450
gemngaidea 13a1 0.79 Halus AlwSevaznaldvoauds

windu 27.50 Wusu

4.3) msuanaFanmuasidunSulisaem s 200 503

ANTESIATNIIUIA 200 AnsiiteldnAnauTininway
dhduasulsinnluduzsatuiiolssneuiadaudranunse
wanslddagud 6 Wothufndeszuutudmiugunsa
wanasunnudounuuvioaesiund Suiluneaeuivly
Fulzsafizumnanituiiidvang (Fuawdunss) 91nns
NAABUNUIUANHIIINGT 200 ARTENNTORERTINNANTY
dudranldlnefidnvazvesdiuiifintuiisusisndely
Fulzsnanildadlunousuuasndrofudnvasiidunnls
Mt mindnldlussduiosufoinng Weduvdous
farunsevaruisaualivuindnaslalnedalddoeld
idadludunounsn uinddvesraaugininaziniious
anunsadeendrenisddinazonnes unnd1sanauUng
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20 Alansu aglrinduaiulduazaudininyszunas 10

way 2-4 Alansy Muaau

JUN 6 : MWAENTWIA 200 GRS

P15199 4 wansanURvessuTinnwarlududssauis
wuhdudinmiildfiansueu Jussduszneugeiedosas
70.49 fdnsndruaniveudelalasiauwingu 55.94 Andu
mAu¥eugega 25.97 wnzgarenlaniy Funnninfesay
Asueu dnsdunsususalalasiaunasAniuiousian
yasluduuzsauis Fedanafu 4588 6.95 uaz 18.54
AU uenanddlewdsuiisuivantRivesdudanim
e fianisdalaifinaivindua Tuldfaiuansly
A5197 2 WUShIEUsEIISUauselalasauLaT A
AUTOUGIHAVBIEUTININAINANKIVUIA 200 Fngilen
wnnn seideananmaveaeduesufifnistulsiing
wenuRariiefuinduaiulsl fufuanssymefiganasaeonin
UNEIUTIELNTARANSTINA I3 BIAANTEUIUNNSINOALLD
siwdu (Repolymerization) kagtngag ULEIVDIUTINN
Turasdusiadls [20] Feansszmesenaniidnsdmensuau
selslasioumnitludiudanim fufusasidiuasuouse
lalasiausiudanasmulume agrlsinnusesasnalaves
uS e uTanmiinaagemNIIuIn 200 Anstuties

%

nihmswdnluseAursfuRnisiiesninanssemenaaied

o
o v

sanuaningAudsiugnuenesnuiaukduduiduaty
lduazufafimdegnihnduunlddudomdesanlumimn
Iy Asinanafiadnedu daun1snasannslamen

wun 200 dnstlunsudnndnsdueigiuuusing g Jaieesey
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ngUszasAvsondndugivanfdenis Inerddainghu

e

¥
£% LY 1 =

iy wndegrady nuITeildludulssadalinnnudugs

Qe

=

v

Fllginduasuliusinann luvasfieudnmiivsuna
Yo windosnslidiuginmivsunaunniu sufudes
anluduuzsaliuidadesiifuiisesfuiianunsansdy
Fursalauiuussanm 2-3 dUai

AN597 5 LERINANIT AT IETeRUsENeUYaduA Ty
15 Inensaradelanaolsiimundotefiassan a1ninh
dudiataluinszigemada GC/MS Han1sIATIZRLEn

Wiwinesduszneundnvesduaiulingnadiasiele-

naslsilmuviaiefioosdamiuliisstuuntn esrdszneu
dnilwgjvesirduatulsl fie Furfural, Phenol, p-Cresol, 2-
Methoxy-phenol (38 Guaiacol) kagayiusvas Phenol
8w q FeansuszneuUszunam furfural FinulutduaJulsl
\Anarnnisaanesiives Xylan Tuieliwaglas (21] Tuvaed
a1susznaudssianlnienea saudiiuea wazayiusves
Hueadu 9 duldunnnmsaanesveddniu fqvsiduans
Frudosuazarsiudonuniise [22] vldiinsldidu
afulilumssSeniuugniiietisidalsnsniiuazindn

Wosiluiy sut@anuiesudelsauazidadngivuivin

M15199 4 : AauautRvedlududzsauazaudinnanludulesnindnannmivun 200 dns

Material HHV Ultimate analysis (wt.%) C/H ratio
(MJ/kg) C H N o)
Pineapple leaves 18.54 45.88+0.70 6.60+0.12 1.15+0.28 46.37+6.03 6.95+6.34
Biochar 25.97 70.49+0.81 1.26+0.10 1.38+0.25 26.87+0.82 55.9+4.49
M 5 : perUsvneuvenihduniuliinnludulzen
Dichloromethane Ethyl acetate
No. Compound name
OoC RT Area % OoC RT Area %
1 2-Cyclopenten-1-one 11.647 1.89 11.644 0.31
2 2-Cyclopenten-1-one, 2-methyl- 12.146 2.2 12.135 1.03
3 Furfural 16.346 8.03 16.335 3.16
4 Ethanone, 1-(2-furanyl)- 18.023 3.66 18.016 2.01
5 2-Cyclopenten-1-one, 3-methyl- 18.193 2.23 18.186 0.68
6 2-Cyclopenten-1-one, 2,3-dimethyl- 19.141 2.16 19.134 1.1
7 2-Furancarboxaldehyde, 5-methyl- 20.996 4.39 20.988 2.2
8 Acetophenone 24.116 1.8 24.112 1.24
9 3-Furanmethanol 25.048 2.1 25.048 2.11
10 Acetamide * * * 29.517 20.32
11 Phenol, 2-methoxy- 33.192 4.74 33.199 4.09
12 2-Methoxy-5-methylphenol 37.018 1.14 * * *
13 Phenol 39.092 10.78 39.08 14.39
14 Phenol, 4-ethyl-2-methoxy- 39.9 294 39.892 23
15 p-Cresol 42.004 5.42 41.996 5.07
16 Phenol, 4-ethyl- 45.415 8.44 45.418 7.4
17 Phenol, 3-(1-methylethyl)- 47.05 1.76 47.05 1.75
18 Phenol, 2,6-dimethoxy- 48.504 4.29 48.504 2.79
19 Phenol, 2,4-bis(1,1-dimethylethyl)- * * * 50.585 1.15
20 Phenol, 2,6-dimethoxy-4-(2-propenyl)- 83.379 3.23 57.652 0.09

n8m9 : OC (Compound Occurrence) nangdvasusznevimuluihauaiuliianamelanraslsdinuuazieniaoz By lagiuousuaniars

UsenaUuiiny kazinsaevIgnanduuansalsUsenauiliny

10
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AT 5,000 UmsaIRSes 1 w3 5,000
IASBIUnSAEY 5,000 UMABLAIes 1 1Aea 5,000
FIUIUBIYY 10,000
TngAvlududzan 0 umnsenlaniu 20 Alan3u -
Andona 0 vnsodlansu 20 Alansu -
1h 0.02 vnsodlansu 200 Alansu a4
Il a UIMNAONLY 90 N 360
Audedtu 25 vmasilaniu 0.2 Alansu 5
AUTTAUIE 2 umsenlaniu 2 Alansu 4
AusTsneiiduafuld 5 UMFianS 10 ans 50
sauAdfiunsaenss 393
YIWANUSALNS 20 vnsodlansu 2 Alansu 40
gehduaiulsl 100 UINADARNT 10 ans 1,000
sams83URanTs 1,040
10,000
ﬁwmuﬂ%ﬂﬁw%ﬁaﬁunu " (1,000 - 393)
= 15.46

vieg : 1) Algergegluiiuguvesnisiiingauimasialuiiuinlsmlududy s AnTewmas uazavuaedalsid vindnslaingauainumas

duoradimlsareluauidiiudy 2) Usuramdasamineaudinm 2 flansu uasihauaiulsd 10 8p5 menisleluduvyse 20 Alansu

JUN 7 : wdndaeiannluduesn loud (n) sruwaldl (v) dduadulil (a) neeu@inin uway (1) dudauiviseniusniou

4.4) UpTrwiaununIsHauazITIakYIN NN T IUTE
AN39T 6 WARINTUTEUIUTIAAUNUNITHARIUTININ
wazthdua il fewmiwnuaiiviauin 200 ans 91013
naaasmgnsialuduUssadn 20 Alansy @unsananauy
Fanwld 2 Alanfunazirduasuldl 10 das Weduan
Funumuinauamu 1iua Aumiuaziaiosundaniu dn
iy 10,000 v AlFSelumssdunsuanniiedandy
393 ym eldannssmneauginuazidunulsl
fonsuanniiaasadmdu 1,040 U9 ovanAuIMT
Suuaddumaiiiofunu wuinnedesnuszn 16 s
FaanmsvegeunaaunUIINSINIME ISl et U

waznaA I EuwuUTIuAURRzaINsLAUAIUTININEBN

11

nuazsiiumaenadaeluly feRadunawmmieds
szozinan 1 Fu uandliifiuimueuaansosudunsiiie
Aunulilagldszernameluniafou

UBNTING INMIFAUIUHILIA 200 BAT LaLYNTg
wAnduTanuazindueuliiinlududzsatu nuids
anunsasiesenlundninusidu liun suf 7(n) drusalsl 5u
7l 7(A) HesuTanW UaEgUT 7(9) dudauiavierusarieu
Dudu waadliiudngusuddinadenlunsiaundnsue
iiosesenidundndaaidulsd Wy nmsdwaduussailal
AuYIAlNRIMERIRINa1 Aglaaudinimluglau
wals! flanunsoliidunanssiganauluaiaufou vie ns
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AT 400 Bsrmalduakazian 1 Falus SAnudou
geaaminiu 23.25 wnzgadenlansy wazdsevavnalaves
wiawiniu 33.02 ntlEiawndsfuun 200
Ans Fauszneuse 3 dnmdn Taun wwailondnguTanw
wnilndidemas uaraerianuutiu Tnefidudreeann
\endnaduinmiinisaeriethusaiiolileth arssve
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Abstract

This research has applied the YOLOvV5 object detection model to help classify rice varieties from images of
milled rice grains from the following varieties: Karacadag, Jasmine, Ipsala, Basmati, and Arborio. The research was
divided into three main parts: data engineering, which involved developing a Python program to prepare data for
artificial intelligence learning; data science operations using Python programming in conjunction with Google
Colaboratory for milled rice grain detection; and the development of model accuracy evaluation method. In the
data preparation phase, single-grain JPEG images were obtained from https://www.muratkoklu.com/datasets/, and
noise reduction, background removal, and conversion to PNG format were performed. These images were then
placed into 800 x 800 pixels images, each containing 20-64 grains, with varying degrees of overlapping: no overlap,
and 5, 10, 15, 20, and 25 percent overlap. The non-overlapping images were used to train the YOLOv5 model,
which was then used to classify rice varieties and identify the locations of various milled rice grains in the images.
The research results showed that the YOLOv5 model could effectively classify all five rice varieties. Evaluating the
model's accuracy at a threshold of 0.6, it was found that the model could correctly classify rice varieties in images
with 0, 5, 10, 15, 20, and 25 percent grain overlap, with accuracy rates of 99.13, 99.00, 98.62, 98.19, 97.56, and

96.89 percent, respectively.

Keywords: Image processing, Milled rice grain, Object detection, Rice varieties
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Abstract

This research presents a model and tests the performance of a credit approval determination model by using
principal component analysis with machine learning techniques. Four algorithms: Naive Bayes, Decision Tree,
Random Forest, and Support Vector Machine were tested with 441,335 examples of lending data. There are four
model performance test results: Accuracy, Precision, Recall, and F-Measure.

From the experiment, it was found that the random forest model provides the best accuracy performance of
92.90 percent, followed by support vector machine and decision tree is 87.00 percent, and Naive Bayes is 83.40
percent, respectively. It was found that reducing the data dimensions resulted in improved model performance by
eliminating insignificant features and solve the problem of the traditional credit approval model that considers the
old attribute variables. The model's performance has improved by considering new attribute variables. The results
of the completeness value (Recall) and the overall performance measurement value (F-Measure) from the
experiment found that Random forest model provides the best performance as well as accuracy values were 99.64
and 99.35 percent, respectively, and the highest precision value was 99.07 percent for the random forest model

and decision trees.

Keywords: Credit approval, Machine learning, Performance
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Abstract

Planning and ordering construction materials is a highly complex problem in the construction industry as it has
to order the right type of material in the right quantity and at the right time. Otherwise it will cause losses and
consequences. This study is to develop an Economical Order Quantity Model for Construction Projects. By reducing
the limitation of the current method to calculate by ordering the same amount every time and have the same
frequency this may result in higher expenses, for example the cost of storing the remaining rebar after ordering in
excess of daily demand. Therefore, the researcher has studied and developed a Modified Economic Order Quantity
Model in order to calculate the timing of ordering rebar in accordance with the project schedule to reduce the
ordering cost, holding cost, delivery cost, handling cost, opportunity cost, penalty cost, indirect cost and idling cost
and reduce delays in construction activities by using a Genetic Algorithm to help find the best answer for the time
and quantity to order construction materials. This method has the advantage of helping to find the closest answer
to the best answer can find the trend of improved answers and help create a plan for ordering steel bars in many
forms the above methods have been used to experiment with case study projects, both of which consider the
fastest time and the case that takes into account the cheapest cost. It was found that the modified economic
order quantity model method compared to EOQ with Planned Shortage and EOQ with quantity discounts found

that it can help reduce the time and cost to be less.

Keywords: Economic order quantity model (EOQ), Genetic algorithm (GA), The cost of purchasing construction

materials
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AT 3 : FBENTIAILN Excel speed sheet Aldlun1sAuan

1 2 3 4 5 6 1 7 1
Act. Dur.(day) Pred. Delay Start(day) ST.(day) FN.(day) Total Mat. Req.(ton) Daily Mat. Req.(ton)

A 3 2 2 5 81.6 27.2 0
B 4 2 7 11 135 3.375 0
C 5 1 6 11 33.6 6.72 0
D 4 B, C 0 11 15 17 4.25 0
E 3 C 2 13 16 72.9 24.3 0
F 2 D, E 1 17 19 56.7 28.35 0
G 3 E, F 1 20 23 40.5 13.5 0
Daily Demand of Materials 7 0
Cumulative Daily Demand of Materials 8 0
The Amount of Ordering Material 4 83
Cumulative Daily Supply of Materials 9 83
Cumulative Inventory of Materials 10 83
Ordering Cost 11 17,545,000 830,000
Delivery Cost 12 28,424.00 1,369.50
Holding Cost 13 463,164.00 2,490
Handling Cost 14 43,976.36 2,393.31
Opportunity Cost 15 4,041,887.52
Penalty Cost 16 3,000.00
Idling Cost 17 4,500.00
Total Cost 18 22,129,951.88
Project Duration 19 23.00
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- A lganelasanig (e 11-17) <

- AuuswalIglasinisaauade 11-17 (1818)

- A ingUszasd armudause uazannnasdu (1020-23)

- NSPUIUNTITBeIUGNTTH (T924-26)

AmauRnii (1827)

U Loop hnu

U 1 : TURBUMSRRILILUUTIaBINTETaNUsendn

€aN

3.1.1) Amuadoyarndy ldun anudesnismanidud

Faluwraziu < USuraundnduiidaaldiialasens was

o v oy A

SrevaTinanssuatn < A1ned fetedl 4 wazsreziaan
15915 < AAsil Fadail 20 wagsunuAlITEmaNEuR
31971 5 wa 6

3.1.2) AMUAUAUIIAIATINITAI8I5 CPM A ndoya
P13199 3 AMuRfanssy wasUSunanvdniduvesuday
Ranssusadedl 1 fmuassesamesazianssustad 2
wazimustunouRanssuneuntndsted 3 antufuim
SruzaTeILiazRanssuiIeiE CPM fstadi 5 uay 6

3.1.3) Awansunaianuazalvaiglasenis andeya
A5l 3 Muaduiiuysdaselagldds Roulette wheel
Seaumsdt (@) 18un Vsnaunmsdade Tanmdnduiidsluue
avfu < Usinauvdniduiideddiislasinis (315.8 ) uas
sreziafiufasfanssuatn < Aaedl (5 Yu) fadedl 4

WaLSEELALATINITIUALaNlRa19N < ANAIR (35 Tu)

Fedodl 20 MnduthdeyaitldunduumuiinuTasuas
aldarelasans fail

1) Usinaanudesnsianluusasfu fated 7

= YSunuiaguesnanssy + seprIMvastanILiy

2) UsnmunifesnmsTanazauseiu fdedl 8

= ANuAeINIsTanazaunaunin 1 U + AudeINg

Fanluunuy

2
o o

3) USinaunsdstedanazausie iy fsten 9

= USunaumsds@e tanidsazaunowntn 1 3u + Y3

v
o

o & o Ao 9
miawmaamaﬂmuuu

v v v

a4) YSinunesfuianavau detedt 10

q
¥

= USuaunsd ¥ edanasausiodu - Ysuiuaiy

AN TanagaNsIe Ty

'
v v

5) Ad9te AN 11

¥ U2
o o

= Vinamsdstean x Adsde

6) Avuds fadedt 12

= UsinumsdeiioYan x Auds

7) mldanglunisifivinm deted 13

= Usinanaaiudanazay x mldanglunisiuing

8) ldaneniesiasy fdedl 14

= (ANNFBINTTanvausazianssuse iy + Usuu
NM381T8) + HRINTUNIIDTIATY X 51ATRENYIE
NMIIDILATY

9) Andelenia seded 15

- (Adsde + Arud) x Snsnenideseiu x svezan
1A59n1S

10) mUSuTIuad fetedt 16

= (s20210871ATINT - S2EzalATINTINdY ) X
AUSUIUAIT

11) lddrearnnisinenu fadeil 17

= HATINVBLIUAIT X ATYT18IINAITINIUY

12) sanlddelasenis dadedi 18

- nasanvesrldinelasins dausded 11 8s 17

ndeyanisned 4 Wumsdudwiolud

13) AnTnquszand Fadait 20

= (Wosidusd x (HasmvesAldanesiana = 1,000,000))

+ (Wasidus x szeznallasanig)



14) A1ANULTILITIVDIAINDU FaT7 21

= 10,000 + A1 InQUsEaA

15) Aranuhanduiiasuiulss deded 22

= Aaundasluiuly « NasINYBIIULDILS

16) ArAnuLIsuazay favan 23

U 1 I 1 v [y} 1 ] &)

= aanudnaziduneuntn 1 34 + Aranudiazidulu
Julu

3.1.4) AIIUMIAINOUIATIGAAIL ILTINUGNTIU

1) guduwdsdaselagldis Roulette wheel fauandlu
aunsn (4) ﬁ"m&_jiwdwmmﬂ’muﬂuazammﬁﬂwuﬁ%
o < I o & o ¢ o Y a
iy duneiuguazwiiug daden 24

2) Umeiuduazuiiug Alaannisduunaudiuans
Wug (Crossover) Milvilinnnen fadedn 25

= (Worugwazuiiug x (FuandmieUsuunisdede
Taoudnidu - 2) + 2)

3) ij‘f’lLmu'dﬁﬁ]zaé’uﬁmawmmmmuﬂm&Jﬁ’uﬁ:Lﬂu
8n3u (Mutation) Aade? 26

= ATEUNI8IMIIN Crossover x (Tuargm3oUIu

) &‘ [ 3 v
nsdageianuandy - 1) + 1

' o

4) Mlamneunaninagiunduluwnualuten 4 walla
Amauyalviluten 5 &1 27 udruAmeuauninavla

ANBUNATIER Fatedn 27

3.2) nsdifnwilasanisrioasreman 2 tu
ndeyaiuudiaesdyminsil@nyilHuiInuaLIan
Tassnsrioadavuaidn 2 $u §35ulAlY vBA (Visual Basic
for Application) lun15Wmun Excel speed sheet 1fi 9111
nMadBugaAdsisnndatusnssudduneuiinandiy
vAIReUveLAarIy TnsedUsenauvesyaridanand

Mg Teuluun 2, 3 uag 4

Const &4CT = 7

Const DAYS = 35

Const POPULATICHN = 30

Const ITERATICH = 100

Const Murate = 0.1 '"mutation :
Const MPOINT = 2 'numbker of p

JUN 2 : m3fvuaduysdasy
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Math.Randomize
For p = 1 To POPULATION
For a = 1 To ACT
GEN(p, a) = Math.Rnd * 5 'Delay Start
Sheets("Generation").Cells(l + p, a).Value = GEN(p, a)
Next a
For d = 1 To DAYS
GEN2 (p, d) = Math.Rnd * 315.8 'Amount of Orderir
Sheets("Generation").Cells(l + p, 7 + d).Value = GEN2(p, d)

U7 3 : msfmuaeasfuafuazanudesnsminidy

Public Sub FindCbj3(ByVal p As Integer)

Obi3(p) = Obj(p) + (Obj2(p) / 1000000)

Sheets ("Generation”).Cells(l + p, 43).Value =
| End Sub

b33 (p)

Private Sub FitnessValue(
Dim p As Integer
For p = 1 To PCPULATICH
fVAL(p) = 10000 / Cbi3(p)
Sheets ("Generation™) .Cells (1l + p,
Next p
| End Sub

44) .Value = fVAL(p)

Private Sub CalProb()
Dim p As Integer
Dim total As Single
Dim cum As Single
total = 0

For p = 1 To PCPULATICH
total = total + fVAL(p)
Next p

For p = 1 To POPULATICH
Prob(p) = fVAL(p) / total
cum = cum + Prob(p)
CumProb (p) = cum
Sheets ("Generation™) .Cells(l + p,
Sheets ("Generation™) .Cells (1l + p,

45) .Value
46) .Value

Prob (p)
CumProk (p)

U7 4 : Mmadeuaunsinguszasd Audwsazauniandu

Ya o

ndayatraiugITeleinnisinse uaziuTeuiieu

4
Tneutansdifnwoonidusisd
3.2.1) AinvisisasnSouiiounsdnsdiie tagnoats

1lAsinIs

1) nadieuliiinsnauaautageuunuu nadiiasls
ANd1ALYIUTEEzIa1lATINIT (Project Duration) 100%
Toeissszaznalasesnislaliadn Selaldddafeusanm
mﬁa”'aﬁ??ai’ﬂ@ wazAlgaalasInig

2) nsdildeonliinisviauaautagmuunuau nadiaz

°

TiudAgiualdanelasenis (Project Cost) 100% lng

1Y o LY

!
AgyAuUTuansdsdeiandualdanslasenis @

q

Tiaud
luilgmdsdasrezailasenis

3) mimmixammimamiﬁmmzamﬁ'qm (Optimal
Project Duration) wagATldanelasamsfivanzauiign Optimal

Project Cost) lnglain1suszanaalugag (Interpolation)
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wusnstiaudfyseuzalasenis uazaldanelasenis
ponilu 5 nsdl laun

1) Project Duration 50% + Project Cost 50%

2) Project Duration 70% + Project Cost 30%

3) Project Duration 30% + Project Cost 70%

4) Project Duration 60% + Project Cost 40%

5) Project Duration 40% + Project Cost 60%

3.2.2) AT 1A HUTIUNIA IR AT A
Y9N TIMIAIMOY I LRy l§38ns
’;umﬁwmaumaqﬂ%mmmsﬁq%@i’a@ S¥8zAlATING Uy
Aldanelasans lneuussusendu 4 nsdl leun 10 Ju, 30
U, 70 JU WAy 100 Ju

3.2.3) SinsrviesiTouiisunnasnsAmauigign
N150U5 BULTBUTENT19AIRBUT AN T § NS WAL
wuuaesnsdsteiiusevin TnonsliisBeiugnssy way

Aun1sNSATeNUTENTR Aeaunsi (1), (2) waz (3)

4) namTIFBuazeAUTIENA

4.1) SinnsiuaziSeuigunsainisdede Sagnoasiud
lasans

4.1.1) nsalgeuliin5v1AkAaNITAN LKLY HITY
Ifviendaeg1ansdfnwivesnsuiuugerineuseudl 1
uay 2 UATzY IneazlinudAyiu Project Duration
100% Lilevszeziian wazaAldsnglasenssudiiigad
wandlums1adi 7 uay 8 Az 5 anunsaiiasgsild

fasolul

M3 7 ¢ WisuisuAlginensuSulssdmeuseui 1 uay 2

Inventory Cost soUfl 1 soUfi 2 Diff.
Project Duration 31 29 2
(day)

Project Cost 68,065,536 55,719,468 12,346,068
(baht)

Ordering Costs 49,865,000 41,600,000 8,265,000
(baht)

Delivery Cost 107,618.50 87,367.50 20,251
(baht)

Holding cost 2,436,051 1,800,879 635,172

(baht)

M15°99 7 : Wsuilsuanldinenmsuiulsdneuseaun 1 uwas 2 (ve)

Inventory Cost soUf 1 soUfi 2 Diff.
Handling Cost 144,858.13 124,886.68 19,971.45
(baht)
Opportunity 15,491,512 12,089,337 3,402,175
Cost (baht)
Penalty Cost 11,000 9,000 2,000
(baht)
Idling Cost 9,500 8,000 1,500
(baht)
80
68.065536
N\ 55.719468
6 52.453076
> 48.464316
2 50 43.882092
£ 40.562228
& 40 B
g 2 » 2
g 30 L T TP S . 24 23 2
§ 19 16 i Wensannnenan T T
2 20 ¢
%‘ 12 11 10 s
10
0
1 2 3 4 5 6
saumsuTuusedmey
... Project Duration (day) —e—Project Cost (mb) Idle Time (day)

JUN 5 : maUSeuiigussegialasans aldinelasinis uay

TEHLLIAINNY

31NN13UTUUTIAIROUTEUN 1 wag 2 Tuguil 5 wuh
WIDTYELIa1ASINITANAY SEEELIANI19ULaLAN LG INY

Tasanishazanasnulunie e nUsuiunsdareluws

v &

o v & ° Y ° a
ArIOUALY N T UNALIIUIUNNN LLa%lNiﬂﬁﬂL‘UUQWUQ‘Uﬂ

v '
& o N

9795 UAI LAY 9I51AINLUSUIUNSEITDAIANT 1N
8 Favilvirndada Anvuds Arldanelunisiiusnel Anldane

711395LA5U ANMBALUENNTN ATUSU ANLTI18N190DNLAY

Y

G i I Y 9 a
ﬂ’ﬂﬂimEJR]’mmﬁ’JNMuﬂﬁ]%@mmﬂﬂm&lmmﬁw 7

oy
o A A

A5199 8 : USunaunsdadenyilailasuaiuanvessnan 2 u

Pro.
Pro. Cost Ord Cost
Improve  Dur. 1 2
(baht) (baht)
(day)
1 31 68,065,536 49,865,000 178 193
2 29 55,719,468 41,600,000 150 178




4.1.2) nsalliigeslidnmsvinupauianmauausd 533y
Iiiendegansdfnwvesnsuiulgsdmeuseud 2, 3
way 4 unese TneazliaudAaiu Project Cost 100%
Wiomszeziia wagaAlddnslassnsnniiigadauandly

347 9, 10 Uag 11 uaggun 6 ansnsedinesilansseluil

M15199 9 : WisuiilsuanldIensuTuURAneuseun 2 uay 3

Inventory Cost 50U7 2 50Ufl 3 Diff.
Project Duration (day) 35 23 12
Project Cost (baht) 10,692,111 7,322,177 3,369,934
Ordering Costs (baht) 7,800,000 5,880,000 1,920,000
Delivery Cost (baht) 2,860 2,156 704
Holding cost (baht) 78,675 40,818 37,857
Handling Cost (baht) 53,075.26 38,307.09 14,768.17

Opportunity Cost (baht) 2,731,001  1,352,895.88 1,378,105.13

Penalty Cost (baht) 15,000 3,000 12,000
Idling Cost (baht) 11,500 5,000 6,500
Material quantity (ton) 520 392 128

15799 10 : Wisuiileuanlddrenisusuusedneuseunl 3 uas 4

Inventory Cost 50U7 3 50U7l 4 Diff.
Project Duration (day) 23 26 -3
Project Cost (baht) 7,322,177 7,148,377 173,800
Ordering Costs (baht) 5,880,000 5,595,000 285,000
Delivery Cost (baht) 2,156 2,051.50 104.50
Holding cost (baht) 40,818 42,696 -1,878
Handling Cost (baht) 38,307.09  40,896.19  -2,589.10

Opportunity Cost (baht) 1,352,895.88 1,455,233.38 -102,337.50

Penalty Cost (baht) 3,000 6,000 -3,000
Idling Cost (baht) 5,000 6,500 -1,500
Material quantity (ton) 392 373 19

A5199 11 : USunaunsdedenlillefuaiuanvessian 2 u

Pro.
Pro. Cost Ord Cost
Improve Dur. 1 2
(baht) (baht)

(day)
2 10,692,111 35 7,800,000 20 2
3 7,322,177 23 5,880,000 26 23
4 7,148,377 26 5,595,000 12 19
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...................................
saun1sUiuUisdeou

«.@-.Project Cost (mb) Project Duration (day) material quantity (ton/10)
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q
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¥
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4.1.3) UATILUSUSIUTEUNIAIMIINNUIETUTIGA
YouszezIaIlAsinisuaza1lde18laings laeldisnns
Uszanuanlugag (Interpolation) wusn1siALEALY
sroznalaseang wavAldanelassniseendu 5 nsal loun
Project Duration 50% + Project Cost 50%, Project Duration
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801
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Iteration 70
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4.3) UATIEUALUS YU UM INAaNE AN UTIATIF9

9
v

WunsiwSeuiisudsunnnisdsie andade anlganely

@ Y v =
MSIAUSAE Aanandlunnsen 13

A15197 13 : MsUSeuisuseing GA wazaunis EOQ

Inventory Cost GA EOQ
Material quantity (ton) 306 542.91
Ordering costs (baht) 11,016,000 19,544,607.44
Holding cost (baht) 11,827.50 16,287.17
Total cost (baht) 11,027,827.50 19,560,894.61
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Abstract

Between 2020 and 2022, several businesses in Thailand had deficits and wound up due to the government
declarations for controlling the epidemic situation with large number of COVID-19 casualties. In this way, it is
essential to analyze the impact on such businesses and prepare for the outbreak that may occur in the future.
This research aimed to study the effects of businesses in Vadhana district of Bangkok, Thailand, using foot traffic
data obtained by anonymized cell phone GPS location. The goals of this research are to study and differentiate
foot traffic patterns of business types by percent difference condition between average foot traffic ratio of the
group and the place. Moreover, foot traffic can evaluate the impact of government declaration and business
recovery during the sample periods using statistical methods, Kolmogorov-Smirnov and Wilcoxon Signed-Rank,
which performed to analyze foot traffic amounts. The study indicates that foot traffic pattern of each business
type related to the number of foot traffic average per day. The results of the number of sample places which
passed condition/total sample places are bars and night club 130/204, medical center and hospital 143/204, office
building 199/282, restaurant 304/480, and retail shop and department store 145/180. Specifically, the government
declarations, emergency decree, curfew, and preventing foreign tourists from entering the country, caused foot
traffic reduction at the lowest level of enforcement periods. The second measure of closing bars and entertainment
venues resulted in foot traffic slowly decreased to low level for two months and peaked in some period of this
reduction that went against declaration’s objectives. Finally, foot traffic statistical analyses in October 2022 showed

that all business types had not yet recovered from pre-pandemic period.

Keywords: Business in Vadhana district, Business recovery from COVID-19, COVID-19 declaration, Foot traffic pattern,
Impact from COVID-19
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M3197 3 : ansSeuisugukuunsdysieinuieuly

Trend Check
Mon-Tue Tue-Wed Wed-Thu Thu-Fri Fri-Sat | Sat-Sun

Sample Bar - + + + + -

Medium size of Bar & Night Club average + + + + + -
Trend similarity check
Hudeuly X ‘ v ‘ v ‘ v ’ v ‘ v
Percent difference of foot traffic ratio
] lsirinuidouly 1557% | 218% | 242% | 1542% | 88a% | 9.68%
10 - 100 traffic/day
50 PASS
—— FAIL
50 - CLECCEECEN " [LF T ]
a0 ‘H"mm
Sample Bar ~
30
_-_'_‘—-—-_._____ e —_—r
R e =" T
-—————— == T
2 Medium size of
Bar & Might club
o
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY  SUNDAY
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Business Type Group by Group Time
Bar & Night Club Day of Week Week1, Week2, Week3, Weekd, Week5 19:00 - 02:00
Medical Center & Hospital Date 15t 7t gth — 14t 15t _ 215t 2ond _ 30t 00:00 - 23:00
Office Building Day of Week Week1, Week2, Week3, Weekd, Week5 08:00 - 18:00
Restaurant Date 1t 7th gth — 14t 15t _ 21t opnd 30t 10:00 - 23:00
Retail Shop & Department Store Date 13t — 7t gth — 14t 15t _ 21t opnd _ 30t 08:00 - 23:00
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More than 100 traffic/day (Office Building)

JUT 10 : UkuuMsdRyasiaewingsiveimsdtine (n) nguuunadn () nauuwaivg

Less than 10 traffic/day (Restaurant)

More than 10 traffic/day (Restaurant)

MON

WED

FRI

UM 11 : gUnuunsdiyasiieingsiadue s (n) nguuuadin (1) nguuweivey

An51991 5 : mansiUSeuisumeldeuly

Number Number of pass condition
Business Total Total
Group of Mon- Tue- Wed- Thu- Fri- Sat-
Type pass Sample
sample Tue Wed Thu Fri Sat Sun
Small ( < 10 traffic/day) 20 13 12 15 9 12 12 73 120
Bar & Night
b Medium (10 -100 traffic/day) 12 8 7 8 8 8 7 a6 72
Clu
Large ( > 100 traffic/day) 2 2 2 2 2 1 2 11 12
Total pass/total sample of Bar & Night Club = 130/204
Medical Small ( < 10 traffic/day) 26 17 15 21 19 11 14 97 156
Center & Medium (10 -100 traffic/day) 4 4 4 4 4 4 q 24 24
Hospital Large (> 100 traffic/day) 4 4 4 4 4 3 3 22 24
Total pass/total sample of Medical Center & Hospital = 143/204
Office Small ( < 100 traffic/day) 25 17 21 21 22 6 12 99 150
Building Large (> 100 traffic/day) 22 22 22 22 21 4 12 100 132
Total pass/total sample of Office Building = 199/282
Small ( < 10 traffic/day) 61 36 39 38 37 33 34 217 366
Restaurant
Large ( > 10 traffic/day) 19 12 18 15 15 13 14 87 114
Total pass/total sample of Restaurant = 304/480
Retail Shop Small ( < 100 traffic/day) 22 19 16 19 21 12 16 103 132
& Medium (100 - 1000
6 5 6 6 5 3 5 30 36
Department traffic/day)
Store Large (> 1000 traffic/day) 2 2 2 2 2 2 2 12 12

Total pass/total sample of Retail Shop & Department Store = 145/180
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P19°99 6 : ARABNTEYAIIBWIRTUTBILAAY YIS

Period Mon Tue Wed Thu Fri Sat Sun Average

1 598.25 596.14 714.59 705.93 545.44 551.34 503.49 602.17

Bar & Night Club 2 392.38 445.69 496.51 501.56 543.60 564.27 366.54 472.94

3 358.80 384.80 389.74 353.43 369.11 351.92 286.23 356.29

1 736.47 673.12 753.24 742.18 851.94 742.41 649.59 735.56

Restaurant 2 448.35 473.27 466.96 459.08 480.42 444.89 403.38 453.76

3 485.05 497.20 458.20 456.32 481.00 412.74 380.90 453.06

1 3903.18 | 4615.82 | 5421.06 | 4799.59 | 4169.59 | 4515.94 | 4086.35 | 4501.65

Retail Shop & Department

2 3279.69 | 3195.46 | 3331.85 | 3217.96 | 3263.15 | 3219.58 | 2871.15 | 3196.98

Store 3 2959.15 | 2991.10 | 2848.30 | 2683.70 | 3116.79 | 2864.79 | 2692.32 | 2879.45

1 4552.76 | 4366.18 | 4575.29 | 4644.76 | 4869.88 | 1932.24 | 1406.76 | 3763.98

Office Building 2 4156.96 | 4634.23 | 4684.50 | 4910.58 | 4285.92 | 1880.59 | 1234.42 | 3683.89

3 3742.10 | 3828.15 | 3795.95 | 3120.05 | 3005.89 | 1411.00 | 1066.10 | 2852.75

1 1910.35 | 1844.41 | 1900.94 | 1887.82 | 1952.06 | 1700.06 | 1480.47 | 1810.87

Medical Center & Hospital 2 1855.04 | 2066.35 | 2027.62 | 2070.42 | 1866.15 | 1727.41 | 1543.19 | 1879.45
3 1476.25 | 1591.45 | 151395 | 1293.47 | 1299.11 | 1238.95 | 1155.10 | 1366.90

A9 7 : HanSVIR@eUME Wilcoxon Signed-Rank

Mean Wilcoxon Signed-Rank Test (P value)

Bar & Night Club Apr2019 | Apr2020 | Apr2021 | Oct2022 | Apr2019 - Apr2020 | Apr2019- Apr2021 | Apr2019- Oct2022 | Apr2020- Apr2021 | Apr2020- Oct2022 | Apr2021- Oct2022
Week 1 118.63 2 44.19 22.88 0.002 0.002 0.002 0.004 0.002 0.033
Week 2 83.29 2.3 10.93 13.14 <.001 <.001 <.001 <.001 <.001 0.805
Week 3 89.11 2.27 6.23 13.14 <.001 <.001 <.001 <.001 <.001 <.001
Week 4 94.41 2.43 6.23 14.27 <.001 <.001 <.001 <.001 <.001 <.001
Week 5 95.81 1.63 1.25 13.88 0.008 0.008 0.008 0.414 0.007 0.007

Overall mean 91.86 2.25 10.19 13.48

Oct2022 recovery (%) | -85.33% | 499.11% | 32.29% -

Office Building
Week 1 173.23 25.32 85.82 48.68 <.001 0.003 <.001 0.042 <.001 0.289
Week 2 587.42 85.03 280.35 88.38 <.001 <.001 <.001 <.001 0.465 <.001
Week 3 535.88 86.87 68.51 68.92 <.001 <.001 <.001 0.048 <.001 0.855
Week 4 1029.32 | 108.57 | 159.42 | 78.92 <.001 <.001 <.001 0.038 <.001 0.016
Week 5 1401.68 | 160.41 43.68 58.59 <.001 <.001 <.001 <.001 <.001 0.198

Overall mean 728.73 93.39 152.68 | 74.72
Oct2022 recovery (%) | -89.75% | -19.99% | -51.06% -
Medical Center &

Hospital
1st-7th 132.3 32.67 75.23 31.74 <.001 <.001 <.001 <.001 0.462 <.001
8th -14th 124.607 | 30.625 42.006 | 21.0357 <.001 <.001 <.001 0.154 <.001 0.002
15th - 21st 135.149 | 30.3988 | 78.5417 | 23.125 <.001 <.001 <.001 <.001 <.001 <.001
22nd -30th 164.125 | 39.1944 | 12.7407 | 19.7454 <.001 <.001 <.001 <.001 <.001 <.001
Overall 140.72 33.62 49.5 23.63
Oct2022 recovery (%) | -83.21% | -29.71% | -52.26% -
Restaurant
1st-7th 59.3 13.29 32.8 23.19 <.001 <.001 <.001 <.001 <.001 0.347
8th -14th 57.49 9.68 19.52 18.59 <.001 <.001 <.001 <.001 <.001 0.676
15th - 21st 61.95 9.33 32.45 18.18 <.001 <.001 <.001 <.001 <.001 <.001
22nd -30th 70.72 13.45 8.24 15.98 <.001 <.001 <.001 <.001 <.001 <.001
Overall mean 62.92 11.57 22.25 18.79
Oct2022 recovery (%) | -70.14% | 62.40% | -15.55% -
Retail Shop &
Department Store
1st-7th 705.56 48.41 235.3 139.71 <.001 <.001 <.001 <.001 <.001 <.001
8th -14th 661.09 49.56 122.89 | 121.35 <.001 <.001 <.001 <.001 <.001 0.913
15th - 21st 660.43 51.7 201.73 | 109.9 <.001 <.001 <.001 <.001 <.001 <.001
22nd -30th 832.21 58.08 29.81 | 106.19 <.001 <.001 <.001 <.001 <.001 <.001

Overall mean 722.65 52.35 139.59 | 11841
Oct2022 recovery (%) | -83.61% | 126.19% | -15.17% -
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Abstract

This paper presents the performance improvement of harmonic detection using the Synchronous Detection
with Fourier analysis (SDF) method to calculate the reference current of a shunt active power filter (SAPF) for
single-phase power systems. The Positive Sequence Voltage Detector (PSVD) is applied to the SDF method to
improve the accuracy of the reference current calculation in the case of a distorted voltage source. Where the
objective is to enhance the effectiveness of harmonic elimination for single-phase power systems. For the harmonic
detection testing, the hardware-in-the-loop simulation technique of the Simulink/MATLAB program and the
TMS320C2000TM Experimenter Kit DSP board are used to simulate the harmonic elimination system. The simulation
is divided into two cases of voltage sources: a pure sinusoidal waveform and a distorted waveform caused by
harmonics. The simulation results show that harmonic detection using SDF in cooperation with the PSVD method
(SDF+PSVD) can reduce the percentage of the total harmonic distortion (%THD) value of the source current to
3.07% for the case of a pure sinusoidal voltage waveform and to 2.00% for the case of a distorted voltage
waveform. These %THD values are lower when compared with the SDF method and synchronous detection (SD).
From the result, it confirms that the SDF cooperated with the PSVD method can provide better performance for
harmonic detection. Therefore, the shunt active power filter can effectively eliminate current harmonics in the
single-phase power system. Moreover, %THD of the source current after compensation is also satisfied under the

IEEE std. 519-2022.

Keywords: Active power filter, Harmonic detection, Harmonic elimination, Positive sequence voltage detector,

Synchronous detection with Fourier analysis
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Abstract

This paper investigates the effectiveness of employing SiC MOSFETs compared to Si-IGBTs in the two-level
inverter for the traction motor drives in electric vehicles. The study focuses on the differences in structure and
material between SiC MOSFETs and Si-IGBTs by which the conduction and switching losses can be reduced by over
40% and 60%, respectively, when a SiC MOSFET inverter is employed. This advantage enables the SiC MOSFET
inverter to drive the traction motor at a higher switching frequency, surpassing traditional Si-IGBT inverters'
capabilities. To assess the performance of the systems, simulations are conducted using the PLECS simulation
platform. The comparison includes evaluating the traction drive system's efficiency and losses with SiC MOSFET
and Si-IGBT inverters on the IPMSM traction motor torque-speed curve; the result shows that the efficiency is
improved by over 1% on the entire torque-speed curve. Moreover, the paper also explores the trade-off between
the switching frequency and motor harmonic core loss of the motor. This evaluation offers a comprehensive
understanding of the interplay between these factors and aids in optimizing the performance of the traction motor

system.

Keywords: Conduction loss, Electric vehicles, Harmonic core loss, Switching loss, Wide bandgap
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. INTRODUCTION

Electric vehicles (EVs) are gaining popularity due to
their numerous advantages, such as high efficiency, low
emissions, and reduced dependency on fossil fuels.
However, an EV's performance highly depends on the
performance of the power electronics components,
particularly the inverter that converts the DC (direct
current) from the battery to the AC (Alternating Current)
that drives the traction motor.

Power losses in EV drive trains are accounted for
18% of the total electrical power conversion in the
system [1]. Two significant losses in the drive trains are
1) the traction motor's power losses and 2) the inverter's
power losses. The traction motor's power losses consist
of power loss at the conductor (copper loss) and power
loss at the iron core (core loss), which are 70% of the
drive trains losses. The other 30% of the drive train
losses happen in the inverter, which is the loss when
the switching devices are conducting the current
(conduction loss) and the power loss when the
switching devices change state (switching loss).

Power losses in EV drive trains can be reduced by
a variety of methods, e.g., motor design [2]-[6],
enhancement of motor control methods [3], [5], [7]-[9],
development of inverter topologies [10]-[13], improvement
of invertzers pulse width modulation (PWM) schemes
[14]-[16] and the use of wide band gap (WBG) power
switching devices for inverters [17]-[20].

WBG materials are semiconductor materials with a
wider energy gap between the valence and conduction
band compared to silicon (Si); the widely known WBG
materials are, SiC (Silicon Carbide) and GaN (Gallium
Nitride). The WBG materials can withstand higher voltage.
It also has higher thermal conductivity and saturated

electron drift velocity, resulting in better heat dissipation

and the ability to operate at higher switching frequencies.

Hence, the power-switching devices fabricated from

WBG materials are used in the high-performance system.
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SiC and GaN are both generally fabricated as sub-type
of FETs (Field effect transistors). SiC is usually fabricated
as MOSFET (Metal-oxide silicon field effect transistor),
and GaN is usually fabricated as HEMT (High electron
mobility transistor). In [17] presents the application of
GaN HEMT devices to two-level inverters for electric
vehicles. The drive train efficiency was evaluated with
the drive cycle testing. The test results indicated that
the drive train efficiency could be increased by over 1%
compared with IGBT (Insulated-gate bipolar transistor).
However, this work was tested with a low DC bus
voltage of 48V, which is too low for the typical electric
vehicle application rating. In [18] presents a test of a
two-level inverter based on GaN HEMT at 300V DC bus
voltage, which is the voltage level for compact EVs. The
study shows that inverters can reduce both conduction
and switching power losses. The research also investigated
the reduction of iron core loss by increasing the switching
frequency. The optimum switching frequency must be
selected between the switching loss power of the
inverter and the power loss at the iron core caused by
the switching carrier harmonics. Subsequent research
[19] presents a suitable switching frequency control
method with a switching frequency map obtained from
the test. Article [20] studied the application of a
combination of IGBT and GaN HEMT power switches for
three-level inverters. It was tested on a system with a DC
bus voltage of 800V and various motor driving conditions.

This paper compares the performance and efficiency
of two-level three-phase inverters in an EV drive system.
Specifically, this study compares the power loss of two-
level inverters under different switching frequencies,
motor driving conditions, and different types of power
switching devices: IGBT and SiC MOSFET. The study is
conducted on simulation software that simulates the
operation of an EVs motor driving system. The results
of this study will provide insight into the suitability of

these power-switching devices for EV applications and
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help engineers design more efficient and reliable EV
drive systems.

The later sections of this paper are organized as
follows. Section Il describes the losses evaluation of the
power switching devices. Motor core loss estimation
due to PWM supply is presented in section lll. Sections
IV and V present the simulation parameters and methods.
Simulation results and their analysis are discussed in
Section VI. Finally, Section VII provides the study's

conclusions.

II. LOSSES MODELLING AND EVALUATION OF THE
POWER SWITCHING DEVICES

The power-switching device has two significant losses:

conduction loss and switching loss [21]. These losses
happen because of the non-ideal switching behaviors
of the switching devices, as depicted in Figure 1. Since
the loss model of IGBT, MOSFET, and anti-paralleled
diode are different. Therefore, the different characteristics

are discussed in this section.

= v ()
— it

. E:co'n d

Figure 1: Non-ideal switching behavior of switching devices

A. Conduction Loss Evaluation

The conduction loss of a power-switching device
depends on the current it is conducting and the voltage
across it during the conduction state. Therefore, the
conduction loss is evaluated according to equation (1),
where Uy t, i, t and T is the voltage across the
device, the current through the device, and the period

of fundamental frequency, respectively. In addition, the
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subscript x denoted the device types: CE when the
device is an IGBT (stands for collector-emitter), DS
when the device is a MOSFET (stands for drain-source),

or d when the device is a diode.

(1)

The voltage across the device during the conduction

1 T .
Pcond=;f0 vt i, tdt

state v, t varies depending on the device's current i, t
and junction temperature T, which differ according to
the device's characteristics, as shown in Figures 2 and 3.

These data are obtained via the device datasheets.
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Figure 2: Output characteristic of an IGBT
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Figure 3: Output characteristic of a MOSFET

Due to the presence of the output bipolar junction
transistor, the IGBT features a significantly lower voltage
drop when the switch conducts high current. However,
as penalties, IGBT has a diode-like voltage drop when it

conducts low current. Furthermore, reverse conduction



is impossible because of the additional P-N junction, so
the anti-paralleled diode is required, as depicted in

Figure 4.
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Figure 4: IGBT equivalent circuit and reverse conducting state in

a half-bridge circuit
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Figure 5: MOSFET equivalent circuit and reverse conducting

state in a half-bridge circuit

Therefore, the losses during reverse conduction
depend on the anti-paralleled diode's performance and
characteristics. Unlike MOSFET, it can be represented as
a resistor, so MOSFET can conduct both forward and
reverse current, as shown in Figure 5. Moreover, the

turn-on state resistance Ry is small in the range of

n)
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around 100 milliohms, the reverse voltage drop across
source and drain v, (¢) will typically not be high
enough to forward bias the anti-paralleled diode.
Hence, the anti-paralleled diode is required for the

conduction during dead time.

B. Switching Loss Evaluation

The switching loss is evaluated from switching energy
consisting of turn-on loss and turn-off loss, which the
manufacturer provides as a function of the current
through the device i, the voltage across the device v,,
and the device's junction temperature 7. Hence, the

switching power loss is calculated according to (2)

1 ct+T Eon(VXrix'Tj)+Eoff(vx'ierj)
= -dt (2)

P, =
sw T,

where T{ is the switching period, and 7 is the
fundamental period, E,, (Vx,ix,Tj) and E, (Vx,ix,Tj)
are the turn-on and tum-off loss at the voltage and
current where the state changing occurs. Nevertheless,
as shown in Figure 1, for a two-level converter, the
voltage at the state-changing points is always equal to
the DC bus voltage V.. for either the upper switches
(S1, S2, S3) or lower switches (S4, S5, S6). Hence, the

switching power loss becomes

i ft+T Egn(Vpc,ix,Tj)+Eoff(Vpc,ix,Tj)
Tt T,

The IGBT and MOSFET have both the turn-on and

P, = - dt (3)

turn-off loss; however, the turn-on energy loss of a
diode or the energy consumed when the diode change
state from reverse bias to forward bias is typically low
enough to be neglectable. The dominant loss is the
loss

turn-off also called

E, (vx,ix,T,.), which happens because of the charge at

LOSS, reverse recovery

the depletion region Q,.-. Hence, the switching power
loss of a diode is evaluated as follows:

1 ft+T Err (Vpc,ix,Tj)

Py ==
Trr Tt TS

- dt (4)
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IIl. INTERIOR PERMANENT MAGNET MOTOR CORE LOSS
ESTIMATION WITH PWM SUPPLY

The IPMSM's core loss depends on various variables,
e.g., the input voltage waveform, structure, motor
geometry, stator, and rotor materials. Hence, these
details are necessary for motor core loss analysis. By
normal means, the famous and accurate method is
FEM (Finite element method). However, to simplify the
simulation model, this paper used the hysteretic core
inductor with a ring shape which is similar to the motor
stator shape and the BF (Building Factor) [22]. BF is the
ratio between the ring-shaped inductor core loss and

actual motor core loss, as shown in Figure 6.

2.00
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Figure 6: IPMSM building factor vs. supply switching frequency

As widely known, core loss consists of two significant
parts; the hysteresis loss p, ~and the eddy current loss

P and to model these losses in the inductor core

eddy *
accurately, the non-uniformly discretized model is
applied. The advantages of the non-uniformly discretized
model are that it includes the skin effect when the core
is supplied by a high-frequency supply resulting in an
absolute error of less than 5% compared to the actual
test results when the frequency of the supply is under
20kHz by implementing only two sections in the non-
uniform ladder [23].

The non-uniformly discretized model is constructed

by dividing a steel lamination into 2n sub-laminations,
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where n is the section's number in the non-uniform
ladder, and the thickness of the sub-lamination is
doubled progressively from the lamination's surface
toward the lamination's center. Thus, the sub-lamination

thickness and cross-sectional area are calculated as

7 (5)
Z;.lzl 20-K) \ 2

where dand , are the lamination's thickness and width.

follows:

The subscript k denotes the kth section in the non-
uniform ladder.

The equivalent resistance is used to evaluate the
eddy current loss: R, is the equivalent resistance in

the kth section, calculated by the following equation
_ 2pw
= Al (7N

where I' and [ are the lamination's resistivity and

k

core's magnetic path length.
Finally, the core is constructed by stacking the

layers of steel lamination. Hence, equation (8) and (9)

becomes:
__2pwK
Ry = AL 9)

where f_is the lamination's stacking factor.
The hysteresis loss P, can be calculated according
to equation (10).
1 (t4T
PhJ’S:Fft H -dB

where z , », r, are the magnetic field strength,

(10)

magnetic flux density, and fundamental period,
respectively. In other words, the hysteresis loss is the
area enclosed by the B-H hysteresis loop. Under PWM
supply, there are minor B-H hysteresis loops created by
the switching pulses in addition to the fundamental B-
H hysteresis loop, and these minor loops are causing
the additional hysteresis loss, as shown in Figure 7.
Therefore, the switching frequency of the PWM supply
has a significant impact on these minor hysteresis loops

and core loss.
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Figure 7: (a) B-H hysteresis loop of 50 Hz sinusoidal supply

(b) B-H hysteresis loop of 50 Hz PWM supply (fflOkHZ)

IV. EVALUATION OF LOSSES REDUCTION OF THE THREE-
PHASE INVERTER BY PLECS SIMULATION

This section explains how losses of both the Si-IGBTs
and SiC MOSFETs inverters are evaluated using the
circuit simulator PLECS.

Figure 8 shows the simulation block diagram for
evaluating the inverter loss of an IPMSM (Interior
permanent magnet synchronous motor) drive system
using PLECS. In the simulation, the three-phase voltages
of the IPMSM are supplied by a two-level VSI (Voltage

source inverter), which generates the PWM (Pulse width

Journal of Engineering and Digital Technology (JEDT)
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modulation) phase voltages at the switching frequency
/. . The PWM signals are calculated using the 3-arms
carrier-based SVPWM (Space vector PWM) technique.
For the motor control algorithm, the FOC (Field
oriented control) with MTPA scheme (Maximum torque
per ampere) and VCLMT scheme (Voltage-current
limited maximum torque) are used in the inner control
loop. MTPA calculates d-q axis currents that minimize
the copper loss in the constant torque region, and
VCLMT calculates the d-g axis current in the field
weakening region. The outer control loop uses a Pl
controller as the motor speed regulator.

In PLECS, the device loss data are obtained via

datasheets and experimental results as reference data,
. ref
and these device loss data E,, (ijef,lxjef,nﬂf),

Et:;; (I/JC,I‘EJ’IX,"ef’]},VEf) ’ Errff (K,ref’IX,ref’]},l‘d) ’
Vi (), vid(¢) and v (¢) are defined as Look-up
tables (LUTs). So, when the operating points of the
devices are not on the tables, PLECS performs the
linear inter/extrapolation. From these device loss data,

conduction and switching losses can be evaluated by

loss equations in section |I.

DCBus
Ty dqg Vo [carrierbased| Sa | VSI
W™ Speed MTPA/ N > UPWM g
Controller = FW > FOC > & VC* : & : —|
A A i 7y i U
d l
idq q Iy
abc le
A L
e (g

Figure 8: PLECS simulation block diagram

81



Journal of Engineering and Digital Technology (JEDT)
Vol.11 No.2 July - December 2023

These simulations in PLECS carry out loss evaluations
with LUTs; therefore, they can simplify complex
parameter identification and loss estimations of power-
switching devices. Furthermore, the junction temperature
T is fixed in the simulations to simplify and reduce
simulation time—the following parameters in Table 1,

2, and 3 are used to simulate the traction drive system.

Table 1: Switching device specifications

ladder model and the ring core material and geometry,

respectively.
R1 R2
n:1 n:1
O;- ———— ————
;3 n:N VA Zr
o]

Classification Product name Ratings Figure 9: Per phase non-uniformly discretized model in PLECS
SiC MOSFET FSO3MR12A6MA1B 1200V/400A
Si IGBT FS380R12A6T4B 1200V/380A Table 4: Ring core material and geometry
Parameter Symbol Value
Table 2: Simulation setting for losses evaluation Steel lamination - 35H300
Parameter Symbol Value Height h 70 mm.
DC bus voltage Voe 800V Outer diameter D, 127 mm.
Switching frequency A 10 kHz, 20 kHz Inner diameter D, 102 mm.
1.0 Ms (IGBT) Magnetic path length [, 360 mm.
Dead time t youd
0.5 s (SiC MOSFET) Turn number N 283
Junction Temp. T, 125°C

Table 3: IPMSM Parameters

Parameter Symbol Value
Power Rating ) ated 165 kW
Pole Pairs p 3
Stator Resistance R, 28 mQQ
d-axis Inductance L, 0.41 mH
graxis Inductance L, 0.725 mH
Permanent magnet flux /,)m 0.17 Wb
Rotor Inertia J, 0.4 kgm?

V. EVALUATION OF CORE LOSS REDUCTION OF THE
IPMSM BY PLECS SIMULATION

The IPMSM core loss is evaluated based on the ring
core analogy, as mentioned in section Ill. The PLECS
magnetic domain, which simulates the magnetic circuit
based on the permeance-capacitance analogy approach,
is used to simulate the losses in the ring core inductor,
and the ring core model is based on the non-uniformly
discretized model with two sections in the non-uniform

ladder. Figure 9 and Table 4 show the non-uniform
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VI. SIMULATION RESULTS
A. Comparison of Switching and Conduction Losses and
Efficiency on the lomsm Torque-Speed Curve
Figures 10 and 11 show each inverter's conduction
loss and switching loss at a rotor speed of 5000 r/min
(80% of the rated speed). SiIC MOSFET inverter can
reduce the conduction loss by 40% and 69% at load

torque TL= 225 and 75 Nm at the same carrier
frequency and because of the reverse conduction
capability; therefore, conduction loss in the anti-
paralleled diodes is reduced by over 85%. Also, the SiC
MOSFET inverter can decrease the switching loss

drastically; as shown in Figure 11, the switching loss of
the SiC MOSFET inverter was reduced by 62% at TL =

225 Nm and 71% at TL = 75 Nm at the same switching
frequency. Even when the SiC MOSFET inverter
operates at the 20kHz switching frequency, the
switching loss is still lower than the SI-IGBT inverter;

hence, the SiC MOSFET inverter is capable of operating



at the double switching frequency and still achieves
better efficiency compared to the Si-IGBT inverter. For
conduction loss, it does not increase much because the
load current is not changed. Nevertheless, the conduction
loss of anti-paralleled diodes is doubled because when
the switching frequency doubles, it also doubles the
conduction time of the diodes since the dead time
counts per fundamental period increased. Furthermore,
as the dead time increases, the conduction time of the
SiC MOSFET decreases; thus, the conduction loss is

reduced slightly.
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Figure 10: Comparison of conduction loss at W = 5000 r/min
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Figure 11: Comparison of switching loss at W_ = 5000 r/min
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Si-IGBT and SiC MOSFET inverter efficiency maps on
the motor torque-speed curve are shown in Figures 12
and 13. The efficiency improvement is presented in
Figure 14. The SiC MOSFET inverter can achieve over
99% efficiency and get over 1% better than the Si-IGBT
in a wide area on the torque-speed curve, specifically
the high-torque high-speed area. On the other hand,
the Si-IGBT can achieve around 98%. Furthermore, in
the low-load torque in the field-weakening region near
the rated speed (6300 r/min), the efficiency improves
by over 20% and slowly decreases. Because, in this
region, the inverter must feed the d-axis current
continuously to weaken the magnetic flux linkage,
which induces the back EMF (Electromotive force).
Hence there is always conduction loss occurs. For
example, when the motor runs at a speed of 7000
r/min, the d-axis current of around 153A, must be
injected. The voltage across SHIGBT is around 1.5V;
conversely, the voltage across SiC MOSFET is only
0.62V,,. As described in Section II, the big difference in
voltage drop is the effect of the diode-like voltage drop
when Si-HIGBT conducts low current. Hence, the
conduction loss played a significant part in the
efficiency improvement of the FW region's low-torque
area. And then, the d-axis current increases with the
increasing rotor speed to counteract the back EMF,
which reduces the effect of the diode-like voltage drop;

therefore, the efficiency improvement slowly decreases.

B. Motor Core Loss Reduction by Increasing the Switching
Frequency of the Inverter

As mentioned in the previous section, utilizing the
SiC MOSFET allows the inverter to operate at a higher
switching frequency without significantly increasing
inverter conduction and switching loss. Furthermore,
increasing the switching frequency improves motor
efficiency because the harmonic core loss of the motor

decreases at a higher switching frequency.
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VII. CONCLUSION

This paper demonstrates the effectiveness of utilizing
a SiC MOSFET inverter—the advantages of employing
the SiC MOSFET inverter and IPMSM as the EV drive train
was discussed. The SiC MOSFET inverter significantly
reduces power losses compared to the Si-IGBT inverter,
with over 40% conduction loss reduction and over 60%
switching loss reduction. As a result, the inverter and
traction drive system efficiency is improved, and core
loss reduction of the motor due to the increased

switching frequency is evaluated.
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Abstract

Silk suture was a type of suture material commonly used by dentists to close wounds in the oral cavity. It
provides strong tensile strength and was consistent with wound healing by maintaining suture integrity to promote
wound healing for at least 3-5 days. However, non-resorbable sutures made of silk were known to accumulate
food debris and increase the risk of infection, particularly in patients with underlying conditions such as diabetes
or immune deficiencies. There has been recent development in coating silk sutures with antimicrobial agents to
reduce the risk of infection, but no studies had been conducted using silk sutures coated with such agents. This
study aimed to evaluate the physical and biological properties of non-absorbable and multifilament braid silk
sutures that have been coated with levofloxacin. The physical properties of strength, amount of pore with SEM
and BET analysis, and the presence of levofloxacin solution were assessed, as were the biological properties of
drug release profile. All groups were compared between dry and wet conditions of the coated silk sutures and
non-coated silk sutures. The results showed that the levofloxacin-coated silk sutures had no significant difference
tensile strength between non-coated silk sutures, and the release of levofloxacin was sustained over a period of
7 days. BET analysis showed that the wet group had less porosity and wider pore diameter than the other groups.
Therefore, the use of levofloxacin-coated silk sutures was provided comparable suture strength to non-coated silk

sutures while reducing the risk of infection.

Keywords: Infection, Levofloxacin, Suture materials, Tensile strength
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8
6
4 7.48£1.8 7.7241.81
.1941.19|
2
0
wet Dry

Control

O Control [JWet []Dry

a = I a v = a
E‘U‘W 1: Naﬂ’ﬁﬂuLLﬁﬂﬂﬂ‘UEN‘lWlILEJ‘ULLNaW‘qUﬂ')EJEJ’]ﬁI’JWﬁaﬂ“U’]GUU
(*=p<0.05)

NATNT 1 Wuanirnafensndd (Young’s modulus)
vodlnulunquaruruuangudne laiauwnnensegned
Hod1AgYN9ada 210m15299 1 wuanludiuvesaiaisfoe

AzU03N158ALMNIUVIA (break elongation) Tunguaiuay
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avgenilunquvnassusliuanssegsdiduddgymniaia
WulReiiuA1n1sensivesluuiu (elongation) agnuin
AaaNTANM ISR watlringunaaoa 2 nauiianaeauda

MuusaienlnalAssiungunaaes

3T 1 : waveansinAedenendavedladuunalunguaiunu

wangunyumeealinaany1u (p<0.05)

Alady D4 L
ALa@e Break Aaae
) Young’s
(G Elongation E- Elongation
Modulus
(%) (GPa)
(GPa)
nauAIUAN | 5.411 (+2.67) | 9.589 (+2.88) | 7.40 (x2.31)
nauden 4.561 (+2.03) | 7.38(+3.12) | 6.824 (+2.41)
AU 4.928 (2.74) | 6.68 (£2.00) | 6.565 (+1.68)

3.2) wamsAnwdnveis iufiuar Ui 3 Gfvedlmudy
Inn1stuiinaImeiendssganssalLuudoInsin

(Scanning Electron Microscope) fifndauenasing ¢ G‘fﬂgﬂﬁ

2 agnuhbnudunansdnuasdutanranedulesionden

P
= =

WUUMENU AnwaguRIluNguua (dry) aziianumveuiu
2 v = @ & o a v o
\dntoy Feaziuludnuusindeifinanediuasidnuug
X a A X a N a o '
WulafivguszuIndu GUA 2) Weisuiungualuny
(control) uagnguilen (wet) iMaaveny 5000x lngdnwoy
L a A v = a 1
uilaeTuvedlnuigumeasazanedlivasnengulals

Anuasuwlasdloeudulnuduuna

Control

1,000 x 300 x

5,000 x

JUT 2 - AmnndesganssAmiBidnaseuluudensnuanidnya
wuivesungualuau (a-c); lnunguityusedlavlasneungs

Wen (d-); uazlvunguuis (g-i)
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3.3) wam1sAny1UsuImsynguvealnndudaginios BET
Analysis

mnmamm?{agwqu (mean pore diameter) LagU3uns
33U (total pore volume) vaaluuduunaianisned 2
wuiAedegnguvedlvuuunangudeniiannniingy
AIUANUASNENUY UazUTUINTINTURzilA1anas danARed
fuAnadoduruguinansiiiiutuegneddddynsada
dlerfisusungueiuauuaznguusis lesannguilioniing
Ainn1sgadunmen1enn (physisorption) Auansavateala-
waonedu llmndulinisuinuazauiagngui sty
AUNSLARNSEUINNTTUHLSLEN (capillary action) L&
nanluunih Fsenaazdwmaliinsiuvonsaduuniizeld
f1w8u nuanisaaes esnluunguidendnisgady

YuarUans s nMSunsvesraILuUNURY (surface diffusion)

MINT 2 : amsAnyTeswazvngnuedlnibuua

n&y Ysumsgngu ﬁWLQ§ﬂ§W§u
(Total pore volume) (Mean pore
(10% cm®/g-1) diameter) (nm)
NALAIUAN 6.7964 6.9895
naanden 3.6280* 10.229*
NALUAY 7.0804 5.775
(*=p <0.05)
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Jundn [15] 910307 3 9zifiudnuaiznisgandusedd
TndiRgatulusi 3 ngu iflesndnuaizmyituszuessen
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laidulmuduunaviivesiunseduresiialugaansy
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a o
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O
F COH
a8
=
Y0
N/ \)\CHJ
HLC
Levofloxacin

JUN 4 : lassasvesendliviasne @y [10]

3.5) uansAnwIUuUUNIsUanUADYE)
N3UN 5 Wiesnnivugeduansazaneds Physisorption
TusenuselunesnanganukuulidianaLasssdngn

% o

lnuduunalungunw (nquilonuaznguusie) Feiinis
UanUaesenalinasnun@ueenesinga (burst release) lu
19 12-24 Fluausn wazmussn1sUanldessnsinsdily
USunaufisewios wavanaadntosauiieszeziaa 7 5u a3
YanUdesanududululnuduunangudeonuas nguuid
anududulndidsaiy (M55l 3) N luansULUY
nsUanvassen agnuinasazasdlivasngFuazlaes
auuduiinadisoiosdoud 12 $lususnudesyovinan
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JUN 5 : UuuunMsUanUasasavarealinaene @y (3 un./ua.)
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WWUSY, WU X 1387 ; h= 2Ly, d= Tu)

A1519% 3 : ARdunnunTureINsUanUasyansazanealavasn-
Fuanbmduunalunguden (wet) waznguuia (dry) Avaansnaiu

Wuseezian 7 5

180 ngulen (wet) nExwe (dry)
Meanz SD (mg/ml) Meanz SD (mg/ml)
12 $las 2.216 + 0.019 2.209 + 0.006
24 4139 2.163 + 0.012 2.165 + 0.015
36 Falus 2.131 + 0.023 2.144 + 0.016
48 Falus 2.106 + 0.013 2.103 + 0.021
37 2.048 + 0.031 2.055 + 0.025
4 Ju 2.01 + 0.034 2.012 + 0.041
51y 1.988 + 0.031 2.005 + 0.031
6 u 1.966 + 0.029 1.97 + 0.026
7%y 1.978 + 0.009 1.979 + 0.015

4) agUuaziasaina

Tyuduusalumsiupnssufinnuddglunisidunasaa
AnmuEandvhinan1ssn Wessnidudensefuanin
windenlugesunniiitans uwaviinsaaasuliinsusing q
nAssuUsEmussiluinizlade Undludesiinay
fuuafidenazvan 750 duead/ua. Faanansainizdilv
WHuwalens 200 Wuauwad/n3u [16], [17] vl Seiiviane
msanw [11], [181-[20] leandaideninan Inanmsuiludu
wralupdiouivansiugadn wu weslyrdulalnsaaslsd
(Tetracycline Hydrochloride) w3 omaaLan@ifu (Chlorhexidine)
JaqUuilnuazaefindnd nirede ETHICON coated

vicryl® Mimdaumiglaslaawiu (Triclosan) $1ine sauld
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fanfeluieslfiAnsnldlvugulastraruiigrslunig
TaneuuaniselueslUiansuagludninaaea [21], [22]

yonndddinmsIdedansiesilnumelnaauanlauniau

14 ada @
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Abstract

Online platforms and information technology are developing quickly, which boosts the popularity of online e-
commerce. Nowadays, posting content from client sentiments is vital for product makers to improve product
quality as much as possible to exceed customers' expectations. Sentiment analysis is a process of natural language
processing that finds out the sentiment and attitudes of users towards a product, whether positive or negative.
Most sentiment and text classification research uses term weighting with inverse document frequency (idf). However,
assigning term weights using the idf method alone may not be effective enough to classify sentiment because this
weight does not consider vital information classification views. This paper presents a supervised term weighting
using the class mutual information calculated with the term frequency and the inverse document frequency.
Experimental results show that the proposed method performs more effectively than term distribution and the
term weighting that uses only the inverse document frequency when considering by the performance indicator

value: Accuracy, Precision, Recall and F1-Measure.

Keywords: Mutual information, Opinion mining, Sentiment analysis, Term weighting, Text classification
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M15199 4 : HansVeRRUTEUlEUUSEAVEN AT Tave BN sUSuAtmlinuwyadeya Amazon

3BnsuTudn wéagnedng Uvasduldidndulanuuga wouthuitlndiign K Sudu
ﬁﬂ‘lﬂﬁﬂ Acc Pre Rec F1 Acc Pre Rec F1 Acc Pre Rec F1
rtf-sisf 0.689+0.02 | 0.705 | 0.693 | 0.683 | 0.753+0.02 | 0.756 | 0.757 | 0.752 0.685+0.04 0.692 | 0.688 | 0.681
tfxidf 0.713+0.02 | 0.730 | 0.714 | 0.708 | 0.786+0.03 | 0.788 | 0.791 | 0.785 | 0.650+0.08 | 0.686 | 0.648 | 0.624
tfxidfxicsd 0.749+0.02 | 0.760 | 0.750 | 0.746 | 0.779+0.02 | 0.781 | 0.784 | 0.778 | 0.715+0.03 | 0.716 | 0.716 | 0.713
tfxidfxsqrt(icsd) | 0.745+£0.02 | 0.760 | 0.746 | 0.741 | 0.779+£0.03 | 0.781 | 0.784 | 0.782 | 0.740+0.04 | 0.747 | 0.742 | 0.737
tfxidf/csd 0.627+0.03 | 0.637 | 0.630 | 0.621 | 0.810+0.04 | 0.813 | 0.813 | 0.809 | 0.511+0.03 0.52 | 0.521 | 0.508
tfxidf/sqrt(csd) | 0.617+0.03 | 0.630 | 0.621 | 0.610 | 0.775+0.03 | 0.777 | 0.780 | 0.774 | 0.534+0.02 | 0.545 | 0.543 | 0.531
tfxidf/sd 0.693+0.01 0.702 | 0.695 | 0.689 | 0.786+0.02 | 0.788 | 0.790 | 0.785 0.643+0.02 0.649 | 0.648 | 0.641
tfxidf/sqrt(sd) 0.723+0.03 | 0.731 | 0.726 | 0.720 | 0.775+0.02 | 0.776 | 0.779 | 0.775 0.683+0.04 0.689 0.69 0.683
tfxidfxcmi 0.825+0.03 | 0.830 | 0.826 | 0.824 | 0.867+0.02 | 0.866 | 0.868 | 0.866 0.753+0.03 0.755 | 0.752 | 0.750
tfxidfxsqrt(Miik) | 0.799+0.03 | 0.808 | 0.800 | 0.797 | 0.833+0.02 | 0.834 | 0.836 | 0.832 0.710£0.04 0.718 0.71 0.706
tfxidfxMI 0.728+0.02 | 0.743 | 0.729 | 0.724 | 0.776+0.02 0.78 0.782 | 0.776 0.661+0.05 0.663 | 0.659 | 0.657
tfxidfxsgrt(MI) 0.725+0.02 | 0.740 | 0.726 | 0.721 0.782+0.02 | 0.784 | 0.787 | 0.782 0.666+0.05 0.668 | 0.664 | 0.662
thxrf 0.795+0.02 | 0.799 | 0.798 | 0.794 | 0.795+0.04 0.8 0.8 | 0.794 0.770+0.04 | 0.787 | 0.772 | 0.766
p191971 5 : HemIMRABaIBUITiBUUSEAVE N miaT iave s Ui minuugatoya Yelp
3BnsuTudn wéagedne Uvasdulfidadulawuugu woutiuitlndign K Susu
shutin Acc Pre Rec F1 Acc Pre Rec F1 Acc Pre Rec F1
rtf-sisf 0.706+0.02 | 0.729 | 0.707 | 0.699 | 0.750+0.01 | 0.666 | 0.664 | 0.663 | 0.664+0.03 | 0.752 | 0.75 | 0.749
tfxidf 0.713+0.02 0.73 0.714 | 0.707 | 0.757+0.00 0.66 0.625 | 0.605 | 0.629+0.02 | 0.762 | 0.757 | 0.756
tfxidfxicsd 0.749+0.02 | 0.762 | 0.749 | 0.745 | 0.751+0.01 | 0.726 | 0.724 | 0.723 0.725+0.0 0.759 | 0.752 | 0.749
tfxidfxsqrt(icsd) | 0.745+0.02 | 0.759 | 0.745 | 0.741 | 0.763+0.02 | 0.735 | 0.729 | 0.729 | 0.731+0.01 | 0.768 | 0.763 | 0.761
tfxidf/csd 0.647+0.03 | 0.664 | 0.648 | 0.638 | 0.775+£0.01 | 0.521 0.517 | 0511 | 0.519+0.04 | 0.778 | 0.774 | 0.773
tfxidf/sqrt(csd) | 0.645+0.03 | 0.662 | 0.646 | 0.636 | 0.751+0.01 | 0.546 | 0.544 | 0.538 | 0.544+0.02 | 0.753 0.75 0.75
tfxidf/sd 0.700+0.02 | 0.717 | 0.701 | 0.694 | 0.761+0.01 | 0.653 | 0.648 | 0.644 | 0.647+0.01 | 0.766 | 0.761 | 0.759
tfxidf/sqrt(sd) 0.729+0.02 | 0.744 0.73 0.725 | 0.764+0.02 | 0.667 | 0.655 0.65 0.657+0.02 | 0.77 | 0.764 | 0.762
tfxidfxcmi 0.825+0.03 | 0.829 | 0.825 | 0.824 | 0.858+0.01 | 0.725 0.72 0.72 0.722+0.02 | 0.867 | 0.858 | 0.857
tfxidfxsqrt(Miik) | 0.799+0.03 | 0.808 | 0.799 | 0.797 | 0.823+0.02 | 0.691 | 0.685 | 0.684 | 0.688+0.02 | 0.831 | 0.823 | 0.822
tfxidfxMI 0.728+0.02 | 0.742 | 0.729 | 0.724 | 0.764+0.02 | 0.631 0.63 0.629 | 0.632+0.03 | 0.768 | 0.764 | 0.763
tfxidfxsqrt(MI) | 0.725+0.02 | 0.74 0.725 0.72 0.755+0.01 | 0.631 | 0.624 | 0.621 | 0.627+0.03 | 0.76 | 0.755 | 0.753
tfxrf 0.802+0.03 0.81 0.803 | 0.801 | 0.792+0.01 | 0.809 | 0.792 | 0.789 | 0.716+0.05 | 0.719 | 0.714 | 0.714
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%
v Ao

faTavediinsuiurmudmidnuuyateya IMDb

3BnsuTudn wéagnedng Uvasdulddndulanuugu woutihuitlndilgn K Sudu
thwiin Acc Pre Rec F1 Acc Pre Rec F1 Acc Pre Rec F1
rtf-sisf 0.674+0.02 | 0.683 | 0.679 | 0.673 | 0.731+0.02 | 0.739 | 0.737 | 0.731 | 0.618+0.04 | 0.651 | 0.625 | 0.603
tfxidf 0.683+0.04 | 0.687 | 0.686 | 0.682 | 0.786+0.03 | 0.788 | 0.791 | 0.785 | 0.520+0.05 | 0.626 | 0.535 | 0.424
tfxidfxicsd 0.731+0.03 | 0.734 | 0.734 | 0.731 | 0.779+0.02 | 0.781 | 0.784 | 0.778 | 0.699+0.02 | 0.702 | 0.702 | 0.698
tfxidfxsqrt(icsd) | 0.722+£0.03 | 0.724 | 0.725 | 0.721 | 0.779+0.03 | 0.781 | 0.784 | 0.738 | 0.623+0.03 | 0.644 0.63 0.614
tfxidf/csd 0.494+0.07 | 0.494 | 0.494 | 0.491 | 0.750+0.02 | 0.753 | 0.754 0.75 0.433+0.03 | 0.421 | 0.442 | 0.403
tfxidf/sqrt(csd) | 0.535+0.03 | 0.538 | 0.538 | 0.533 | 0.723x0.01 | 0.727 | 0.727 | 0.723 | 0.461+0.05 | 0.449 | 0.469 | 0.422
tfxidf/sd 0.670+0.03 | 0.674 | 0.673 | 0.669 | 0.754+0.02 | 0.757 | 0.758 | 0.754 | 0.547+0.04 | 0.575 | 0.559 | 0.518
tfxidf/sqrt(sd) 0.686+0.03 | 0.689 | 0.689 | 0.685 | 0.719+0.02 | 0.724 | 0.724 | 0.719 | 0.554+0.03 | 0.578 | 0.564 | 0.536
tfxidfxcmi 0.852+0.03 | 0.851 | 0.853 | 0.851 | 0.867+0.02 | 0.866 | 0.868 | 0.866 | 0.753+£0.03 | 0.754 | 0.751 | 0.75
tfxidfxsqrt(Miik) | 0.826+0.03 | 0.826 | 0.827 | 0.826 | 0.833+0.02 | 0.834 | 0.836 | 0.832 0.71+0.04 | 0.717 0.71 0.706
thxidfxMI 0.687+0.04 | 0.689 | 0.69 0.686 | 0.776+0.02 0.78 0.782 | 0.718 0.66+0.05 0.662 | 0.659 | 0.657
tfxidfxsqrt(MI) | 0.682+0.04 | 0.684 | 0.685 | 0.681 | 0.782+0.02 | 0.784 | 0.787 | 0.782 | 0.665+0.05 | 0.668 | 0.663 | 0.661
tfxrf 0.789+0.03 | 0.79 0.791 | 0.788 0.757£0.05 | 0.771 | 0.764 | 0.755 | 0.670+0.04 | 0.737 | 0.679 | 0.649
M 7 NamsmamnJ%'sJULﬁEJmJisﬁw%mwé’h%’?“’ﬂﬂJaﬁ%‘miﬂ%umifmﬁﬁuuﬂ;m%aga Magazine
3BnsuTudn wdagneding Yvasdulinndulanuugy ioutiuitlndiign K Susu
thwiin Acc Pre Rec F1 Acc Pre Rec F1 Acc Pre Rec F1
rtf-sisf 0.627+0.01 0.514 | 0.549 | 0.455 | 0.938+0.01 | 0.877 | 0.618 | 0.666 | 0.943+0.01 0.895 | 0.877 | 0.7
thxidf 0.625+0.01 0.514 | 0.548 | 0.455 | 0.940+0.02 | 0.927 | 0.612 | 0.663 | 0.938+0.02 0.903 | 0.596 | 0.637
tfxidfxicsd 0.700+0.01 0.531 | 0.593 | 0.501 | 0.941+0.01 | 0.944 | 0.612 | 0.663 | 0.942+0.02 0.844 | 0.666 | 0.713
tfxidfxsqrt(icsd) | 0.637+0.01 0.515 | 0.549 | 0.46 0.941+0.02 | 0.944 | 0.618 | 0.671 | 0.939+0.02 0.852 | 0.621 | 0.669
tfxidf/csd 0.603+0.01 0.506 | 0.52 0.438 | 0.945+0.02 | 0.944 | 0.642 | 0.7 0.840+0.01 0.513 | 0.511 | 0.509
tfxidf/sqrt(csd) | 0.610+0.01 0.509 | 0.532 | 0.444 | 0.940+0.02 | 0.891 | 0.617 | 0.668 | 0.908+0.01 0.616 | 0.559 | 0.572
tfxidf/sd 0.619+0.01 0.516 | 0.555 | 0.454 | 0.941+£0.01 | 0.944 | 0.612 | 0.663 | 0.938+0.01 0.918 | 0.595 | 0.639
tfxidf/sqrt(sd) 0.635+0.01 0.511 | 0.538 | 0.455 | 0.942+0.02 | 0.941 | 0.623 | 0.676 | 0.932+0.01 0.783 | 0.617 | 0.648
tfxidfxcmi 0.729+0.01 0.542 | 0.623 | 0.523 | 0.971+£0.01 | 0.978 | 0.825 | 0.882 | 0.965+0.01 | 0.974 | 0.773 | 0.839
tixidfxsqrt(Miik) | 0.682+0.01 0.526 | 0.582 | 0.489 | 0.958+0.02 | 0.978 | 0.73 0.797 | 0.943+0.02 0.96 0.621 | 0.669
tfxidfxMI 0.680+0.02 0.523 | 0.575 | 0.486 | 0.940+0.01 | 0.940 | 0.606 | 0.656 | 0.936+0.01 0.815 | 0.603 | 0.645
tixidfxsqrt(MI) | 0.630+0.01 0.515 | 0.551 | 0.457 | 0.942+0.02 | 0.944 | 0.623 | 0.677 | 0.936+0.02 0.906 | 0.582 | 0.619
tfxrf 0.904+0.02 | 0.662 | 0.69 0.67 | 0.986£0.00 | 0.798 | 0.707 | 0.736 | 0.783+0.03 0.558 | 0.636 | 0.555
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M15199 8 : HaNSVARBUSEUEUYSEAVBA AT TRve IS MU Tumtntinuuyadeya Eco-Pre

3BnsuTudn wéagnedng Uvasduldidndulanuuga ioutiuitlndiign K Sudiu

shuin Acc Pre Rec F1 Acc Pre Rec F1 Acc Pre Rec F1
rtf-sisf 0.502+0.03 | 0.456 0.52 | 0.437 | 0.713+0.00 | 0.769 | 0.726 | 0.726 0.854+0.00 | 0.571 0.59 0.55
thxidf 0.529+0.03 | 0.476 | 0.537 | 0.461 | 0.462+0.01 | 0.797 | 0.695 | 0.724 | 0.858+0.00 | 0.548 | 0.48 | 0.379
tfxidfxicsd 0.649+0.02 | 0.552 | 0.618 | 0.555 | 0.803+0.01 | 0.804 | 0.697 | 0.727 | 0.859+0.01 | 0.656 | 0.664 | 0.657
tfxidfxsqrt(icsd) | 0.573+0.03 | 0.501 | 0.563 | 0.494 | 0.771+0.01 0.79 0.687 | 0.716 | 0.853+£0.00 | 0.645 | 0.644 | 0.621
tfxidf/csd 0.485+0.03 | 0.446 | 0.507 | 0.424 | 0.535+0.01 | 0.817 | 0.746 0.76 0.877+0.01 | 0.392 | 0.462 | 0.379
tfxidf/sqrt(csd) | 0.488+0.03 | 0.447 | 0.508 | 0.425 | 0.480+0.02 | 0.797 | 0.721 | 0.738 | 0.862+0.00 | 0.441 | 0.464 | 0.359
tfxidf/sd 0.517+0.03 | 0.468 | 0.529 | 0.451 | 0.620+0.01 | 0.804 | 0.693 | 0.723 0.858+0.00 | 0.529 | 0.481 | 0.441
tfxidf/sqrt(sd) 0.550+0.03 | 0.483 | 0.544 | 0.474 | 0.645+0.01 | 0.801 | 0.693 | 0.723 0.857+£0.00 | 0.587 | 0.577 | 0.492
tfxidfxcmi 0.832+0.01 | 0.758 | 0.753 | 0.738 | 0.815+0.01 | 0.881 | 0.828 | 0.842 | 0.917+0.00 | 0.708 | 0.676 | 0.661
tixidfxsqrt(Miik) | 0.690+0.01 | 0.627 | 0.642 | 0.605 | 0.761+0.01 | 0.858 0.77 0.797 0.893+£0.00 | 0.689 | 0.638 | 0.606
tfxidfxMI 0.610+£0.02 | 0.517 | 0.579 | 0.517 | 0.746+0.01 | 0.798 | 0.699 | 0.726 0.859+0.00 | 0.541 053 | 0.531
tfxidfxsgrt(MI) 0.557+0.03 | 0.489 | 0.552 | 0.48 0.698+£0.02 | 0.798 | 0.699 | 0.728 0.857+£0.01 | 0.517 | 0.527 | 0.507
tfxrf 0.744+0.014 | 0.624 0.64 | 0.621 | 0.906+0.01 | 0.829 | 0.818 0.82 | 0.893+0.013 | 0.825 0.82 | 0.812
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Abstract

The dust in the atmosphere (Particulate Matter with a diameter less than or equal to 2.5 micrometers; PM, ) is
the most significant air pollution in the northern region of Thailand, directly and indirectly affecting the health of
the people. This pollution in Phayao province has consistently ranked in the top 3 of Thailand’s northern regions.
Forecasting the concentration of PM, 5 in the atmosphere using a mathematical model is an alternative that can
be employed as a guideline for planning solutions or preventing air pollution problems. Logistic regression analysis
and data from the Thai Meteorological Department and Pollution Control Department were applied to this
prediction model. The 5 years of data between 2015-2021 were utilized for this model and created using Python
programming. The results demonstrate that the independent variables of this model are PM,,, NO,, O5 and CO.

The sensitivity and specificity are 0.96 and 0.72, respectively. The area under the curve (AUC) is 0.98.

Keywords: Air pollution, Logistic regression, Predict model
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Year_Month_Day Hour CO NO2 502 03 PM10 Wind speed Wind dir Temp Relhum Pressure Rain PM2.5

0 150101 100 150 126 1.0 1.0 36.0 01 106.0 209 814 7259 00  NaN

1 150101 200 1.40 127 1.0 11.0 500 0.2 68.0 201 815 7258 00  NaN

2 150101 300 060 103 1.0 11.0 460 0.1 79.0 191 86.0 7257 0.0  NaN

3 150101 400 050 91 1.0 90 420 0.2 3600 182 92.9 7257 00  NaN

4 150101 500 050 72 0.0 S0 410 0.2 3140 180 97.6 7255 0.0  NaN
56251 210831 2000 049 50 00 380 160 05 136.0 253 84.0 7210 0.0 11.0
56252 210831 2100 057 40 00 40 200 0.2 90.0 245 85.0 7210 00 100
56253 210831 2200 052 40 00 40 190 12 650 245 86.0 721.0 0.0 7.0
56254 210831 2300 040 20 00 50 170 13 670 244 86.0 7220 0.0 9.0
56255 210831 2400 044 20 00 30 180 0.8 690 242 87.0 7220 0.0 9.0

U7 3 nswlasteyaiildainnisiiuruniusiglusunsulueu (Python)
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3
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Aau (pre-processing) F41438n15v1A1uaz810 Wi
\osanteyaliasuiuanysel deyafivramelledis
soiflasfindefuuuazgnindia uasnaunuagamonsd
duseAlade (Mean) Sanuirteyaaainsaineinie
auuin A.eten liinsasrduafiedamesinoenled
(SO,) lutetudl 5 nsngnam w.a. 2562 fa Tuil 31 Ay
w.ai. 2564 fienfivesmelunin 25% Jaflanududuseai
yadioyail ponanmsadiauuudiassnmaneinsal [11] &
gﬂﬁ 5

3.2.2) nsdennaianvaly (Feature Selection) \Ju
FBnsaniia lnsazidonauinuus vieteyadiuuzay

e deyafitnaiieguiuunisnensalidnuiuun

wazddnwuzdeyainsednnseaty uazuredoyalaid
Useloyilun1siasiedt Feagdmansenusieninugnaes

Y8IN13UTENIANG Fef0enTEUIUNITEONAMEN B B9

Y a

lunsaitlldisnsilawmes (filter) Tofivesiidonamdnuyny

= s A a 2 a
wuUaLneIU A LWUNTZUIUNITUIZIIUUTZANDSNINYDS
AN YNEYaITRYARAaAIINEA NN EANTUNIS
Aaszvteyauntesiiivsds lngldduiutunewiBuesnis

Seudwuulauuunils nsiienauanvuziuull 9giinig

1Y

AaNAY (Ranking) ANANNEIAYVRIAMANYEUARLH?
warldonANaNYUENsEAUANAAYFIEANILTINIUT
v = & a ao v I3 a A
gy Fudumealiaffmuinlading 59057 wasnanides

N154AA Overfitting [12] AudsAlavanuaidiuinng

LRANAUNUS

A1 LUULNESEU 1neazAnEananaLUSNA

o

ALY

<

AMUAURUSAUNINNTN 0.40 FelaSunisnaaaududn

yosandunus duwilduniuaudnsianunainiaiiou

|

daguy .05 [13]

=%

Usziani 1 Wednielaseauily FIYUA

e UsiunTudmalinisifonasnsiiaseideyaidl

ANUAAIALAABUANAIAY [14] karlan1s1aun3ngan

anduius faguil 6

CO NO2 O3 PM10 Wind speed Wind dir Temp Relhum Pressure Rain PM2.5
Date

20190705 037 50 200 230 1.3 1340 261 82.0 7.0 00 9.0
20190705 035 50 200 200 1.4 136.0 256 81.0 7.0 0.0 8.0
20190705 038 50 190 100 1.4 136.0 252 81.0 7.0 00 7.0
20190705 041 60 180 9.0 1.5 136.0 250 81.0 770 00 6.0
20190705 043 70 150 100 14 1350 248 820 7170 00 70
20210831 0459 50 &0 160 05 1360 253 84.0 7210 00 11.0
20210831 057 40 40 200 0.2 900 246 85.0 7210 00 10.0
20210831 052 40 40 190 1.2 650 245 86.0 721.0 00 7.0
20210831 040 20 50 170 1.3 67.0 244 86.0 7220 00 8.0
20210831 044 20 30 180 0.8 69.0 242 87.0 7220 00 9.0

JUT 5 : nMswlarandannnsiianuazendeya
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Pearson correlation coefficient matrix
100
- 0071 0.023 0.012 015 0.036 0.011 0.42
NOZ - - - 0.042 0.068 03 016 0.048 072 075
03- 015 0.055 0.58 0.82 0.0084 .02 0.43
-050
PM10 - 041 - - 0.074 011 0.046 04 025 0.052
-025
Wind speed -  0.071 018 0.074 0.048 0.16 016 0.054 0.07 0.089
Wind dir - 0.023 0.042 0.055 011 0.048 - 026 0.053 04 0.0066 013 - 0.00
Temp - 0012 0.068 058 0.046 016 026 -- 0.53 0.033 012
--025
Rel hum - 0.15 03 0.4 016 0.053 -- 011 0.063 0.33
- -0.50
Pressure - 0.036 016 0.0084 025 0.054 0.4 0.53 011 0.037 0.28
Rain- 0.011 0.048 0.02 0.052 0.07 00066  0.033 0.069 0.037 0.049 075
PM2.5[ 0.42 072 043 0.089 013 012 033 028 0.049
[us] NO2 o3 PM10  Wind speed Wind dir Temp Rel hum Pressure Rain PM2.5
a‘ a co a £ v o ¢ N s
EUM 6 : MTNUNINTAUUTEANTANFUNUS LU ULNE TEU
14 v a '3 . -
3.2.3) M5 NAUNITWEINTURILNITHATIEYIN TN DE Multiple Regression
400 4 »

Wadunyaa lagnsAnidendiudsndauduiusiuan
PM, s Aflanumunzanilaainnisiienauanyue Lite
o 2w a a ¢ o

Aualluiudsdasy laglunisimsieiiiioas1s@unis
Fapmenmnrans d1msunisneinsalal PM, s sulaun
A1 PM;p, NO,, O; ey CO mrugunuuannis (3) ladu

AUNTNYINTAIVBIUUUT A0S (6) Faid

Z =-3.412+1.1819X,-0.1392X,-0.1149X,+0.8260X, (6)

Taofl Z Ao fuavessvuinliiu 2.5 luaseu (PM,.)
X, fio Awasusumeuanled (CO)
X, An Malulnsiaulasenlas (NO,)
X; fin Aalalau (O,)

X, fio duageasnaliiiu 10 Tuaseu (PM,,)

lngisanunsadiaunisannsenyaailauasiansim
ANUFUNUSITAAY LiTDIATIERANUENTUSTENIN AU
avepwuIaliiiu 2.5 luAseu (PM,,) iU AN1sHeInTal

v3euUsBasy Aagun 7

121

300 4

200 4

Prediction

100 1

PM2.5

JUN 7 prlanuduniusidadunvan

dlethAanaunis (6) wlanasie3snsmen R-Square
e R2 flAsiniu 0.9557 Savaneninudn fhulsdassite
4 yataya Suldun @1 PMyy, NO,, O, waw CO Tauriuviung
Al viseAruazoasaliiy 2.5 Tuasou (PM,s)

9Se8ay 95.57
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3.24) mslnszimsannsglaiain (Logistic Regression
Analysis) Weassguiuumsizeuinissiassnisannoetite
manensal lnenisuusteyasendu 2 yndeya fie yanns
a519UUUd1a93 (Training Set) TaeAsn193LAT187NS
annesladain deazlitoya 70% anyadoyaiamun Tu
n1sa¥1sgUuuUaNnIweInsal andutihgUiuuaunis
wennsalfiaisldumaaeusensyinneluyadoyaiivie
8 30% Feaglddmsuvhnisnsivdeunugndies (Testing
Set) kagNITAATIERILUAUTELAN (Discriminant Analysis)
v NsfnwIANNdUTUSIENINFILUTIY LazduUsBasy
Toeriuune PM,s 1iund1 50 pg/m’ Tiduaiuuinsgiu
w30 934 (Yes) windnd1 50 pg/m’ Aodnduendilaiiu
u1msgiu vie livds (No) Jeazunudaeaniu 1 fu o
ALEINU UAIWVIINITAFLUUTIABINITNYINTIAIDANNT
annaeladafin (4) lHai

Prob (Y) = 1

(8.6581+0.4365X -0.706X -0.0212X +0.0598X )
I+e 1 2 3 4

(M

Taofl Prob (v) Ao fuagessvuinliiiu 2.5 luasou
(PM, ) \Ausasg i videlsiiAusnnssud 50 lalasniu

X, fis fearsususuauanlen (CO)

X, fis Malulasiaulaeenlen (NO,)

X; Ao Malelau (O,)

X, fio uavoswaliiu 10 luaseu (PM,)

3.2.5) N139529q0UAINGNABN (Accuracy) lagaing

A13198 1A luN1TIRAINEINTE (Confusion Matrix) 910

aun1s (7) liagud 8

Confusion matrix

FP

000

2500

2000

ACtual la

1500

217

1000

Predicted label

JU7 8 : medAglunsinanuanansa (Confusion Matrix)

122

iy thailaanansidaglunisinanuaiunsa

InemA1ANgNeel (Accuracy) lanuaunis (8)
TP+TN

, TP+TN+FP+FN
g? TP AB ¥INW18791 “9597 ASINUAITARTY “a39”

(8)

Accuracy =

v
=

LA

TN e ¥unein “laiase” aseudan

a o a

FP @D YNuW1871 “939” wagainnu

“lajase”
“lyiase”
FN Ao vhunedn “lde3e” uddeiliiindy “a5e”
Armuha (Sensitivity) A dndruvesnauiniiiuasa
dnsunineaneiiy 9 U nsiavafiverniafiiuase
(true positives) Fe¥aelunisuennisnaassiiiunaau
Uaey (false negative) inszd1n1snaaeudalamiilus
Tomanishenaau (unuin ldinuafivernid) Al
93¢ (WU waiingse Ao Linuafivenie) Adosauviaiu

a1unsafulaanaunis (9) eadl
TP

— 9)
TP+FN ,
AN UNE (Specificity) Ao dndruvosnaauilidu

Sensitivity =

9@ MTUMINAARIY 9 WU nsliiiauaiivenia Jsaz
dasluni1siuduaniigNiinavinUaoy (false positive)
INS1EININAFRUBII NS Tenianlanauan (W

wuN euaiwe1ne) Aldiduass (waiiede luiiinuaiie

€

v

X " & o %
2107F) NUBYAILNIUU ﬂquflmlﬂﬁnﬂallﬂqi (10) nau

o TN
Specificity = TNTFP

Wemuua1aula (Sensitivity) LagAIANNTUNIE

(10)

(Specificity) 99naxn1s (9) wa (10) Aagldnan1sdmuineg
1 0.9632 uay 0.7209 audy wioAmduSesas 96.32
way 72.09 lnefimanugneies (Accuracy) Fedualldann
aun1s (8) 8¢l 0.9485 n3efevay 94.85

3.2.6) N15NOFOUUIEANENINYOIUUUTIAINITNE 1A T0]
/8" Receiver Operating Characteristic Curve (ROC Curve)
mmﬁﬁuﬁ‘?ﬁﬂﬁ”ﬂﬁ”d %50 Area under the curve (AUC) \u
A1SMIALANTANSUNUS Sz NI 19A193 9L AR5 TR Lay
Afilgannmsvinnedissiuanudesiudesas 95 Welwnns
nadouUszansamnisnensaifiesiinuafivnisenin
wieliiAnuafivernia daduisnsfianunsathunldlunns
\denaadafimunzauld Ao n1saennuduiiusszning
true positive (Sensitivity) U false positive rate (1-Specificity)

MEN1SUUIA19AGA (Cut-off Point)
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=== No Skil
Logistic

&
o

Tue Positive Rate

o2

False Positive Rate

T T
06 0B

g‘dﬁ 9 : N5 Receiver Operating Characteristic

Tagn1siden Optimal cut-off point ¥i3egaflaguuns
flazldien AUC unfign (Winadidian) Ao gafleglnduudne
Uumﬂﬁqm ?j!ﬂ%lﬂmmﬁ Sensitivity g4 kag Specificity g9
Frewuiy fedu mnd AUC Badnlng 1 fuanain wuy
avsnsngInsalagdiusednsninunn

iflevhnsmageuaNugnaesanAala (sensitivity)
7ile fe 0.9632 wavArAmS NI (specificity) 7ilé Ao
0.7209 wFmnaasuumiuiladulAs wior AUC fazld

Wwinifu 0.9757 %3e 0.98 Faguil 9

4) 9AUTINANITIVY

asEnwiidunisiasieianduiusiiadnaansuwds

P

Anynzanlunisasiaauniswuuinassnisnensal nely

¥ [

foyaanmerniadounds 5 U wuin fuusidavduiug
Fumnududuves PM, ; neidesansaudsiidainuduiug
wnlumifes MnAduuszanivesaunisannes Ao Ay
A1suaueuanlYd (CO), Huavaasvualiiu 10 luasou
(PM,p), falulssiaulaanlan (NO,) way Aelelau (O,)
iy Fawudn fiannalla (sensitivity) agluszduged
96.32% WAAIAIINIWNE (specificity) HgeAuLiles 72.09%
iesann dadevesfrudamieslasenlest (SO, gy
42017 (cleaning) panty JsAanududuves SO, iinun

1Y |

fugs 1w e

v
Y

Mnnsunlnlidomdieadaiiiy
wazd iy tnsazargatulungnamnisy uaslsmds
Iiln [6] @onAdesiunan1TIBY0e AISNY ASNDITY [14]
Fanun s PM,,, NO,, CO, Os, wae SO, iunuudiass
ﬁiﬁmmLL;JuangjnqmslumiW&nﬂizﬁ PM, 5 LazHan13Any

¥84 Zhai et al. [15] Afanuin A1 SO, CO way NO, faay

123

duiusiua PM, s uonainil wan1s@nwiues Lachatre et
al. [16] §awudnin A1 PM, s Sanuduiusiuan SO,, NO,

uag NH, dnaae

5)

oM}

sUkg
WUUSIaBINTHENNTal SUsEANSAMmueskuUsIaes
NSWENTAIAIUA Receiver Operating Characteristic Curve
(ROC Curve) wazAriuiiléidulfs nde Area Under the
Curve (AUQ) ofil 0.9757 30 0.98 Faileeglusziugauany

o

71 hUUINBBIANNNTANEINS AT LA ABUT LU LAAIAIY

Wz (Specificity) laifvinfiaas
mniyateyaduusdaszvasiadamesinoanlyd (SO,
Fegnudneenluluduneunsyhaiuazenn (cleaning) lng

anunsadigadeyatl unaswuudiasanisnensal Az
Tin1snensalfiusednsnmigelu wazdnnuuiugig

1N

6) UDLAUBLUY
aymnsideuuudnaeanisnensalil wudn dveyayn
Pameidusiuiuuin edlvetauswuel Junsunisiiu

Tayasng o Arsiianfiasudou lianvau vsegaymiy deae

U

¥ o %

ihlvgadeyagnAnnseteentiey lagianzyadayaduys
daszveafnudameslaeenlud (S0, wiensiiudoyadil
Yaduanuduiusifindin enfivu Auwenluile (NH,) Fe9e
vlfaunisuvusrassnmanensniaziaugnieauiniy
wazusiugRiuty feasdreinundanedfiuliaarafissn

JuBNAIY



Journal of Engineering and Digital Technology (JEDT)
Vol.11 No.2 July - December 2023

(1]

REFERENCES
S. Pansripong, “Development of artificial neural network
model and multiple regression models for prediction of
PM10 concentrations in Bangkok and Nakhon Ratchasima
municipality area,” (in Thai), M.S. thesis, Dept. Environ. Eng.,
Suranaree Univ. Technol., Nakhon Ratchasima, Thailand,
2007.
W. Simachaya. “Smog Pollution in the Northern: Problems
and Solutions.” (in Thai), PCD.go.th. https://www.pcd.go.th
/wp-content/uploads/2020/06/pcdnew-2020-06-05 07-33
-31_040770.pdf (accessed Feb. 1, 2023).
S. Pimonsree and P. Arrin, “Situation of Particulate Matter
in Ambient Air and Impacts on Healthy,” (in Thai), in Proc.
Naresuan Res. Conf.: Sustain. Ways of Living Based on
Sufficiency Economy, Phitsanulok, Thailand, Jul. 2010, pp.
670-681.
T. Rattanapong, “University of Phayao joins forces with RISC
by MQDC to move forward with Fasai 2 to Phayao, expanding
urban air purification towers for people in the region to
further research towards understanding PM 2.5 dust in the
northern region.” (in Thai), UP.ac.th. https://www.up.ac.th
/th/NewsRead.aspx?itemID=23918 (accessed Jul. 2, 2021).
Greenpeace Thailand. “The different air quality measurement
standards.” (in Thai), GREENPEACE.org. https://www.greenpea
ce.org/thailandexplore/protect/cleanair/air-standard/ (accessed
Nov. 23, 2022).
K. Meksagul and A. Phantong, “The prediction model of
climate in Phayao,” (in Thai), in Proc. Operations Res. Netw.
(OR-net) Conf., Chiang Mai, Thailand, Feb. 2019, pp. 30-40.
U. Amornnimit, “Logistic regression: Choice of risk analysis,”
(in Thai), Univ. Thai Chamber of Commerce J., vol. 23, no.
2, pp. 21-35, 2003.
V. Kovenko and V. Shevchuk. “Machine Learning with Python:
Differences between classification and regression.” READ
THEDOCS.io. https://machine-learning-and-data-science-with-
python.readthedocs.io/en/latest/assignmentl_sup_ml_cls
htmt (accessed July. 2, 2021).
K. Pearson, “Notes on the history of correlation,” Biometrika,
vol. 13, no. 1, pp. 25-45, 1920.
B. Pommapun, “Techniques for data interpreting for using
correlation and regression in research,” (in Thai), STOU

Educ. J., vol. 11, no. 1, pp. 32-45, 2018.

124

[11]

[13]

S. Srithongchai, “A PM2.5 prediction model using LSTM
Neural Network in Bangkok area” (in Thai), J. Eng. Digit.
Technol. (JEDT), vol.10, no.1, pp. 1-9, 2022.

R. Kladchuen and C. Sanrach, “An efficiency comparison of
algorithms and feature selection methods to predict the
learning achievement of vocational students,” (in Thai), Res.
J. Rajamangala Univ. Technol. Thanyaburi, vol. 17, no. 1,
pp. 1-10, 2018.

C. Pruekpramool, N. Jaroentaku, and S. Srisuttiyakorn,
“Efficiency of Pearson, Spearman and Kendall’s correlation
coefficients when data is non-normal distributed,” (in Thai),
An Online J. Educ. (OJED), vol. 15, no. 2, pp. 1-16, 2020.
B. Srisa-ard, Basic Research, 10th ed. Bangkok, Thailand:
SUWEERIVASARN (in Thai), 2017.

S. Zhai et al., “Fine particulate matter (PM,;) trends in China,
2013-2018: separating contributions from anthropogenic
emissions and meteorology,” Atmos. Chem. Phys., vol. 19,
no. 16, pp. 11031-11041, Aug. 2019, doi: 10.5194/acp-19-
11031-2019.

M. Lachatre et al., “The unintended consequence of SO,
and NO, regulations over China: Increase of ammonia levels
and impaction PM, s concentrations,” Atmos. Chem. Phys.,
vol. 19, no. 10, pp. 6701-6716, May 2019, doi: 10.5194/acp-
19-6701-2019.



2158159A2N5SUANENTazINALUlaERANA

Uil 11 atfuil 2 nsngrAu - Sunmu 2566

Auuztddmsugiisuunananinoasinu

1MsaTAINssuAansuazmalulagfiava 1Jul1sansIvIn1sniesudrInssuAtansiasinalulad ves

antuwaluladline-guu unanuihiaueasssesiniilunvilve vienwdaingumuguuuuiidmvun wasndeu

'
I o

fagilUARLsilELT msaueunanuitefinnsanifsniluansans fneasBondell
1. vdninaein1sRasaUNATULINE ALY

1.1 uunenudiladlfegseminemsiorsandiud vislildegszuinensfiansanvesdodsiunidy 4 uaz
lineAfailumsasiensnunsduideninnssspinmslandeuilulssmausessssme mnnsadeu
wuifinsffianidndeu fadunnusuinvouvesdTouusfiosdife:

1.2 \uunenuiiuandiifuisannufniiduadieassd Samameinnis farvauysaiveaden uasd
ANLYNADININNENTYINTS

1.3 unwildFunsifiuiazsosinunsussiiuannnangnsinand (Peer reviewer) agnatios 2 vinu
sounam Faivssgandontliiideundlufunfuiousuusumarliuzand i

1.4 nesussansmsveasiudvslumsnnaudluguuuuneauiidenAfissinaiidiuanans

1.5 unAm oA nMUszney wazansasznou Aanuiasnsasiduniudafiudiusveaiou
nesussansmshufidusuinveuls o feiduanuiuReveuvesdiTeuuniie e,

1.6 Fouduumanuiiliaziindvans lisenideu viedanoudennuveBulasllisuounn

1.7 mndunuwlanseseuisssnnnisaalsena desdindngiuniseygalianuiduasdnualdnus
Mnidvesduans

1.8 #osdinmssedefignies mnzaunounsifiant Jadumiusuiinreuveniivemany

1.9 unAnuiidaianesussanins veanudvsiaylidsdudiTeu
2. SULUUNSNAUNTBIUNAMUNBUAIATNT (Peer-review)
Tumsusefiuunanulaednsmanaiilunisuszdiuwuy Double-blind peer review fie fmsinandilingu

a

Youarswazidenvrewlleuunay waslsuunanulinsuiouarsuaziBenvasEmsanadl

9

3. USTLNNVIUNAMUNSUNINTUNAIRANUN

fnusduatufenduunainuide Usznaudie undnge unit Tnguszasduniniside 35a1dunside

HANTITLaEeAUTIENE aTUNA LaglaNa158198e"

NUIBLIAG : UNAUATYT InRssdiunAngantwineuaznwsenge laglauinundngeniwineagnoumnin
q Y

UNARGaNW8INg Y d1miuunanunwIsIngelidesiundngeniwing

* L9NEa1591989 WUNITUBNTIUNITHNEIBN19D IR UATINNTE98 sl lavvesnulou

125



2158159A2N5SUANENTaZINALULAERANA

Uil 11 atudl 2 nsngnau - Surnau 2566

4. 3585550 1UN1SANUNNAIUIBTUINTESIVINTG

Y

MTENIAINTTUAEARSharmAlUladRndva LaA1H9D9958555uTUNSARLAUNAIY 1n8S8EITULAZUNUIN

1%
a v oa

nifvesifeItes deail
o o o v a
EEEER IR R TRINARI Y

v td =

1. fdsuseadeuunanulinlulumuguuuunnsansimualilumuusdndmsuddeu
2. mniimsihteyavesdunseteyavesfilisuiinefaunlunsaisatuduminld dllsudesdndunaiin
vosfeyaiiu InglivihbidaudnlaRaideyatudunanulwivesideu

3.

2D

WeudaslddauUawisednidoutoya

gudBsszywamunatvayulunsiide (i)

=)}

b

bl
2

b

N
e el e

guspulametoyainediunausslevivivdousgnetnau (i)

PusTTunazutiivesussansnig

1. UTIUIBN SRR IUNSIHEUNTINTas IR ssmaIan

2. vsssmsfiesdmidenunai tnefinnsanangunnuaznudenadestesiemunaufure UL
YDIINTANT

3. ussusmsresndumsdssiivunanuegradusssy Liujasnishiiiuiunanulagldond

a. vssasmsdedlilawedeyavesiiTouunen uaziusziiiuunauuiyanaduiilineades

5. ussansnsaedliiiinausslevilvivdouiuiideu wasdusedivunany

6. vssasmMsAedlilusunsulunsnsinaeunisinasnnaiu eldesiunsifuinasnudsdinasnunain
NANUEBY TMANUNNSARADNNAINLYDIBU UTTANSMIARMEANsEUILMSRsAIUNANLTLT wasAnsagidou

VDA WIS

u5IIULAsTNvaUsTEuUNAIIY
1. fUsziiuunay Asiasanneuiunsussliuenz unAuidenAdodiuAIUTIY VDI UL
Wity eliunanunafuidamnin

2. fuszdfiuunanuasUssiduunanulivdnadanuszegnanfinmue dsliliunanuiriunisiionsan

3. Juszdfiumsussiliuunanulaglideiaueiuzaunaniviniswity lasldanudndiudiudanlad
winavse liifiveyasessu

4. FussdiumsufasnisUseidiuunany wndiuimuesenaiinaUsyleviiudouiugideu

Y

5. fuszdiudedlilamedomangluunanuliginldineitemsy
6. winguszfuiundunanudunddeulilinandieds uiiduunanunddguazinertesivunay

Y Y {

HUsTumTwS e unanidnsdisunautiuy

Y

126



2158159A2N5SUANENTazINALUlaERANA

Uil 11 atfuil 2 nsngrAu - Sunmu 2566

5. GaNUUANTITIANNNAURTUUNAN
fidsudosiafissiunanunudetmunielilizuuuunsifaidunasgiuuiieaiu fil
5.1 unvaInszate Tilduun Ad
5.2 NS9UYBIUDANN TTELUIVDIVBUNTEATY
AU 2.5 9. (0.98”) AuaNe 2 . (0.79”)
fuge 2 9u. (0.79”) AUV 2 @4l (0.79”)
5.3 STETWNNTEAINeUSTIR Nlssussinvenedesneufiames (Singe)
5.4 f79nws JULUUYeIsnyslY TH Sarabun New

5.5 $18az138AA19 ¢ YBIUNAN ARUAAI

' '
=l

Ioi504 (Title) VUIN 22 AU AUUANINAS

D.

v

Farl ey (Author) YUIA 16 FA5IIUAT AUUANINAN daaldA1dut

u

[

dafia (Affiliation) vua 14 Ao MruANINA1N
E-mail §UseiususIaiia (Corresponding Author) 3w 12 f35551A1 MVUANINGNY
UnAnga (Abstract) dngunvunisfissilunu 1 aeduy Jevde vuia 14 danuuazioy fvug

A9nane YemnuluunAngs vun 14 A555U00

'
o w o w

AdAsy (Keywords) Tiildandnfgy 3-5 A1 Faiervesiuunanuniaus taslidaiuilaunange

4

o w o

ViU 1 Ussiincmevuin 12 AdAgaun 14 Aasuuiazioy fnundngis Uennuluaidify auin
14 fsIIUAN
gﬂqumsﬁumﬁwwawwmw
- sUsuunsiniluuuu 2 Aedand usazAeduY n19 8.2 Bu. (3.23”) svagieseninenedul
0.61 w3. (0.24”)
- adanan Useneuaig unin (INTRODUCTION) TngusvadAvein153de (OBJECTIVES)
BAndun15398 (METHODS) nan153deuazaiiusiena (RESULTS AND DISCUSSION) &@3una
(CONCLUSIONS) t9nan581984 (REFERENCES) 9u1a 14 §a555ua fsuaienans waefiauriiu
iy 1) uni 939 I. INTRODUCTION t{usu
_fiadases sEaudl 1 wun 14 Faey fuusdedne detuihdesssuiefunsesnnninlugiiu
Falu Thanziu 1 ussiandauiom
_$iatasee sEAUf 2 wun 14 Faew Smuedadnauazideudnin 0.5 By,
_iloidas vunn 14 Fasssum
~ Foms19 w19 12 fasssuan fvuaienans wazlddowmionss

L

- 912908 1UATSIE VLA 12 AU MUUANINA LB UM YUIA 12 AIFTTUAN

IS g o = = £
- YBAMNUILNBU UM 12 FIFTITUAT NUUANINA LLa%IﬁGU?ﬂ@]ﬂWW

- e lunwusznau vua 12 fsssumn

127



2158153A2N5SUANENTaZINALULAERANA

Uil 11 atudl 2 nsngnau - Surnau 2566

5.6 LANE581989

1. msredsludemunennuldnmsdrdauuuiiay muessiuana teeldvnoadlueiemne
fat) ] uazi3esddunisdredenuien Taeddregneniadou wu (1] vide [2] e [11, [2] vide (1], [3)-
8] %30 [9], [10], [15], [16] winfimsensdesnunenudulildvaneauiu fhegrawu by Brown [4], (5]
as mentioned earlier [2], [4]-[7], [9]; Smith [4] and Brown and Jones [5]; Wood et al. [7]

2. sUuuvvestevtieldguiuuisnus TH Sarabun New wua 14 153530 Tudlomaunn 12 ¢
535UAN

3. M3819BaTBUNAY AzfaFemudiduunauiideuedduideies uaglénnssnadeny
sUMUUNIT8198s IEEE Fafifouaunsafnuitnindewenarsdrsdanuguuuuidvualdiivled
https://ieeeauthorcenter.ieee.org/wp-content/uploads/IEEE-Reference-Guide.pdf 1ntaz oLl guldu
ainguivinty mnunarmddananunanuniwine dewuadununnguliignies

a. nsdifonansithundrsdadeuduntulneliduddn “(n Tha))” Wluluenatsdneds fau

fregremalull

e ngUkvunIsilguuaznIsudaena1se9dinivneidiunwiging
08197 1 NM38198991nuTada(Books)
Basic Format:
[Number]  J. K. Author, Title of His Published Book, xth ed. City of Publisher, State (only U.S.), Country:
Abbrev. of Publisher, year.
[Number] J. K. Author, “Title of chapter in the book,” in Title of His Published Book, xth ed. City of
Publisher, State (only U.S.), Country: Abbrev. of Publisher, year, ch. X, sec. x, pp. XXx—XxXx.
Examples:
[1] V. Rijiravanich, Work Study: Principles and Case Studies, 4th ed. Bangkok, Thailand: Chulalongkorn
University Press (in Thai), 2005.
Yuds 33920, MsAnwInIsieIu: ndnmsuaznsdine, Rurindedl 4, numme, Useinalve: driinfius
JHAINTUUNINEFY, 2548.
2] L. Edelstein-Keshet, Mathematical Models in Biology. New York, NY, USA: Random House, 1998.
[3] K. J. Roodbergen, “Storage assignment for order picking in multiple-block warehouses,” in
Warehousing in the Global Supply Chain: Advanced Models, Tools and Applications for Storage
Systems. London, U.K.: Springer, 2012, pp. 139-155.

128



2158159A2N5SUANENTazINALUlaERANA

Uil 11 atfuil 2 nsngiAu - Sulmu 2566

081971 2 N13819899101215873 (Periodicals)

Basic Format:

[Number]  J. K. Author, “Name of paper,” Abbrev. Title of Periodical, vol. x, no. x, pp. xxx—xxx, Abbrev.

Month, year.
[Number]  J. K. Author, “Name of paper,” Abbrev. Title of Periodical, vol. x, no. X, pp. xxx-xxx, Abbrev.
Month, year, doi: xxx.

Examples:

[4]  N. Dechampai and K. Sethanan, “An application of lean manufacturing system in the textile of lean
manufacturing system in the textile and garment industry case study: Wacoal Kabinburi Co., Ltd,” (in
Thai), MBA-KKU J., vol. 7, no. 2, pp. 13-27, 2014,

%] 1l waznigaun s, “maiiudssninmnszuaunsnangnduluanilasyszgndld
WNAANMISNAARUUAY,” 13815 IdeTudindnwiniTsan sum Inendeveuuny, Ui 7, atuil 2, wih 13-
27, 2557.

[5] S.-F. Wang, H.-P. Chen, Y. Ku, and M.-X. Zhong, “Voltage-mode multifunction biquad filter and its
application as fully-uncoupled quadrature oscillator based on current-feedback operational
amplifiers,” Sensors, vol. 20, no. 22, p. 6681, Nov. 2020, doi: 10.3390/520226681.

[6] M. Dwiyaniti et al., “Extremely high surface area of activated carbon originated from sugarcane
bagasse,” in IOP Conf. Ser.: Mater. Sci. Eng., vol. 909, no. 1, 2020, pp. 1-8.

[71 M. Yoshiki, Y. Fujita, A. Kawamura, and H. Arai, “Instability of plates with holes (1st report),” (in
Japanese), J. Zosen Kiokai, vol. 1967, no. 122, pp. 137-145, 1967.

[8] F.de Oliveira Santini, “Clockwise versus counterclockwise turning bias: Moderation effects of foot traffic

and cognitive experience on visual attention,” J. Retail. Consum. Serv., vol. 67, 2022, Art. no. 102965.

#8197 3 N138198991n M1 dnus (Theses and Dissertations)

Basic Format:

[Number]  J. K. Author, “Title of thesis,” M.S. thesis / Ph.D. dissertation, Abbrev. Dept., Abbrev. Univ., City

of Univ., Abbrev. State (only U.S)), year.

Examples:

[9]  N. Kawasaki, “Parametric study of thermal and chemical nonequilibrium nozzle flow,” M.S. thesis,
Dept. Electron. Eng., Osaka Univ., Osaka, Japan, 1993.

[10] Y. Sornsa and P. Wanrerk, “Buckling of rectangular plates with a central square hole,” (in Thai), B.S.

thesis, Dept. Mech. Eng., Burapha Univ., Chonburi, Thailand, 2007.

129



2158153A2N5SUANENTHAZINALULaE RANA

Uil 11 atfuil 2 nsngrAx - SulnAu 2566

f20819% 4 11581989911N15USEYUN9391IN15 (Conferences and Conference Proceedings)

Basic Format:
[Number]  J. K. Author, “Title of paper,” in Abbrev. Name of Conf., City, State (only U.S.), Country, Month
year, pp. XXX—XXX.

Examples:

[11] N. Kriengkorakot, P. Kriengkorakot, S. Duan, P. Thung, and W. Piromsuk, “Repair work reduction in
sewing process of the apparel factory,” (in Thai), in Proc. 10th Ubon Ratchathani Univ. Nat. Res.
Conf., Ubon Ratchathani, Thailand, Jul. 2016, pp. 87-96.
ywas1 in3eensng, U3vn indeansng, an1afiou waavs waeidne Amdan, “oddonsantudunusenly
%y’umaumsl,ﬁusuaﬂiamuwémL??ac’hﬁ%%ﬂgﬂ,” MIUsEYUTVINITIEAVYIF . 39on$edt 10, guas¥sil,
Uszinalng, 7-8 nsngnA, 2559, w1 87-96.

[12] J. Lingad, S. Karimi, and J. Yin, “Location extraction from disaster-related microblogs,” in Proc. 22nd
Int. Conf. World Wide Web, Rio de Janeiro, Brazil, May 2013, pp. 1017-1020.

1Y) ' a Yy a & I
f108199 5 n1591981u L6

[13] B. Suttamanatwong. “Minimum Wage Rate 2022.” (in Thai), MOL.go.th. https://www.mol.go.th/8%5

v
v [

Ag1etusn (accessed Dec. 31, 2022).

[14] Greenpeace Thailand. “The different air quality measurement standards.” (in Thai), GREENPEACE.org.
https://www.greenpeace.org/thailandexplore/protect/cleanair/air-standard/ (accessed Nov. 23, 2022).

6. A5N15ANFIUNANY

S 1

Hieudsunaueeulaildf https:/ph01.tci-thaijo.org/index.php/TNIournal
NNUNANNANTIU1228N199593N5U LTI ULAENDIUTINENSABY WaELlBUNAIUNIUNITAIITAN

Wosrugldeudazaunsadiseiuld ndwainidideutiseiuseuios n1eneaussansnsagaiiun1sdeunaiy

Y
WEUORVTIAATITUIUNAULAZLIINANITRTUN VDU UNAIUNT IV dmsuunauiiiunslsedulag

Avssnadinaaylasumsinuiadunsasiiemennssdely

9

130



2158159AINISUANERSHLasIALUlagRINE

Uil 11 atfuil 2 nangrAx - SuanAu 2566

“as1einAn nARTNURUR adatinUsshivg nantnuinis”

EX]

AMAAINTSUAIFNS

nangassAUUIYQ 197

- wé’ﬂgmﬁmﬂimmuauﬁ (Automotive Engineering, B.Eng. : AE)
- MNanTIMNIIUuEUALaY sEUUSALTRKUUAL (Robotics and Lean Automation Engineering, B.Eng. : RE)
- wingnsImnssuneNiamesuar Uy 1usedug (Computer Engineering and Artificial Intelligence, B.Eng. : CE)
- MANGATIAINTIUENAMNNS (Industrial Engineering, B.Eng. : IE)
- wanans3imnssulih (Electrical Engineering, B.Eng. : EE)
nangasszAvUsyeln
- wingmsmaluladifinssu (Engineering Technology, M.Eng. : MET)

anzwaluladasauwme

nangassAUUSyaIn7

- wﬁﬂqmimm‘luiaﬁmsaumﬂ (Information Technology, B.Sc. : IT)

- wingmsmaluladdafiide (Multimedia Technology, B.Sc. : MT)

- wanansmaluladansaumnaniegsia (Business Information Technology, B.Sc. : BI)

- wé’ﬂgmsmdu‘laSﬁﬁﬁamﬁamima‘uu (Digital Technology in Mass Communication, B.Sc. : DC)
nangasseAuUsyaln

- vananswaluladansaume (Information Technology, M.Sc. : MIT)

ANTUINNTTIND

nangassAUUsYQIn7

- wingmsn1sdanismaluladuazuinnssy (Management of Technology and Innovation, B.B.A. : MI)

- Mé’ﬂqmsu%wﬂiqsﬁ%iﬁﬂu (Japanese Business Administration, B.B.A. : BJ)

- ¥ANGAIN1IINNT3INTENINNUEINA (International Business Management, B.BA. : IB)

- vidngmsn15UyT (Accountancy, B.Acc. : AC)

- Mﬁﬂqmmﬁmmsw%’wmmmwétwvﬂjﬂu (Japanese Human Resources Management, B.B.A. : HR)

- vangmsnisinnisladafnduayldguniu (Logistics and Supply Chain Management, B.BA. : LM)

- ¥ANGAIN1IRAIAAIYIA (Digital Marketing, B.B.A. : DM)

- wﬁﬂqmmﬁﬂmsmsﬂaaL1‘7imLLaxmsu‘%msL"?Nﬁmﬂssm (Innovative Tourism and Hospitality Management, B.B.A. : TH)
nangasszAvUsyeln

- Mé’ﬂ@mﬁmiﬁjﬁmjﬁu (Japanese Business Administration, M.B.A. : MBJ)

- MANGATUIRNTIUNNTIANTTINALALERAMATIN (INnovation of Business and Industrial Management, M.B.A. : MBI)

o WU mil’mLLNuﬂaQVIﬁ‘ﬁW%'UQ’Uixﬂaumi (Strategic Planning and Management Entrepreneur : SPE)

« LU MITANTITUUMIWER wazladafnduuudu (Lean Manufacturing System and Logistics Management : LMS)

Thai-Nichi International College (TNIC)

Bachelor’s Degree Programs

- Digital Engineering (DGE)

- Data Science and Analytics (DSA)
- Data Science and Analytics (DSA)

- Japanese for International Business (JIB)



Thai-Nichi Institute of Technology

1771/1 Pattanakarn Road, Suanluang, Bangkok 10250, Thailand

Tel: 0-2763-2600 Fax: 0-2763-2700

Website: https://ph01.tci-thaijo.org/index.php/TNIJournal E-mail : JEDT@tni.ac.th



	1_JEDT-cover_resized
	2_JEDT-vol11-no2-content
	1 Biochar and Wood Vinegar Production from Pineapple Leaves Using Low-emission 200-liter Kiln and the Feasibility Study of Production
	14 Classification of Rice Varieties from Milled Rice Grain Images by Object Detection Method
	Wuttichai Watchararat, Jessada Tanthanuch
	25 Developing a Credit Approval Determination Model Using Principal Component Analysis with Machine Learning Techniques
	35 Economic Rebar Order Quantity Model for Construction Project
	48 Foot Traffic Pattern Analysis of Vadhana District in the Spreading of COVID-19 Periods
	Yanisa Nualanant, Thongthit Chayakula
	65 Improvement of Harmonic Detection Using SDF for Shunt Active Power Filter in Single-phase Power Systems
	76 Loss and Efficiency Improvement of EV Traction Drive System by Using SiC in Inverter
	87 Physical and Biological Properties of Silk Suture Soaked in Levofloxacin
	96 Sentiment Classification Based on Term Weighting with Class-mutual Information
	114 The Prediction Model of PM2.5 in Phayao Province

	JEDT-vol11-no2-added
	1-JEDT-252421-final(27-12-66)
	2-JEDT-252492-final(25-12-66)
	3-JEDT-251864-final(27-12-66)
	4-JEDT-251798-final(26-12-66)
	5-JEDT-251794-final(26-12-66)
	6-JEDT-251966-final(26-12-66)
	7-JEDT-253949-final(27-12-66)
	8-JEDT-252524-final(27-12-66)
	9-JEDT-252858-final(27-12-66)
	10-JEDT-251812-final(27-12-66)
	4_JEDT-guide_vol11no2

	JEDT-course_vol11no2
	5_JEDT-rear_vol11no2
	2_JEDT-vol11-no2-content.pdf
	1 Biochar and Wood Vinegar Production from Pineapple Leaves Using Low-emission 200-liter Kiln and the Feasibility Study of Production
	14 Classification of Rice Varieties from Milled Rice Grain Images by Object Detection Method
	Wuttichai Watchararat, Jessada Tanthanuch
	25 Developing a Credit Approval Determination Model Using Principal Component Analysis with Machine Learning Techniques
	35 Economic Rebar Order Quantity Model for Construction Project
	48 Foot Traffic Pattern Analysis of Vadhana District in the Spreading of COVID-19 Periods
	Yanisa Nualanant, Thongthit Chayakula
	65 Improvement of Harmonic Detection Using SDF for Shunt Active Power Filter in Single-phase Power Systems
	76 Loss and Efficiency Improvement of EV Traction Drive System by Using SiC in Inverter
	87 Physical and Biological Properties of Silk Suture Soaked in Levofloxacin
	96 Sentiment Classification Based on Term Weighting with Class-mutual Information
	114 The Prediction Model of PM2.5 in Phayao Province

	1-BiocharandWoodVinegarProduction.pdf
	บทคัดย่อ
	Abstract
	Keywords: Agricultural waste, Biochar, Low-emission kiln, Pineapple leaves, Wood vinegar
	REFERENCES



	JEDTarticle7-10.pdf
	7-JEDT-253949-final(27-12-66)
	8-JEDT-252524-final(27-12-66)
	9-JEDT-252858-final(27-12-66)
	10-JEDT-251812-final(27-12-66)

	1-BiocharandWoodVinegar.pdf
	บทคัดย่อ
	Abstract
	Keywords: Agricultural waste, Biochar, Low-emission kiln, Pineapple leaves, Wood vinegar
	REFERENCES






