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Editorial Message

Congratulations to all researchers whose articles 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 TCI (Thai-Journal Citation Index Centre). Therefore, JEDT received more attention from both
national and international researchers.

JEDT has been certified to be in the TCI-1 continuously until the present. The editorial team will
maintain this standard forever.

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 ke 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/ke. 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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mslinTseUszneuTendunulineiiemies
Gas Chromatograph-Mass Spectrometer (GC-MS /MS TQ)
U AGILENT 7890 GC/7000C GC/MS TRIPLE QUAD lagly
e CP-Wax wissushegnalaensiihduaiuldl 5 ua.
wenfuuenlenlansonlad (Q REC™ AMMONIA SOLUTION
28%) 1.5 1. WiioUSUld pH fidUssanas 5 9nntadale
Aaslsilnu (Fisher Chemical™ Dichloromethane) #39 Lo¥ia

2@ (RCl Labscan™ Ethyl Acetate 99.8%) 3 wa. 91Nt
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Tududgsamanain Thermogravimetric Analysis (TGA)
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AITNN 2 : 3@835“61@%@%%\7 2n518u C/H LLazmmﬂmauzjﬂEjﬂ

VOIIUTINN

Tempera- Time % Solid C/H ratio HHV
ture (°C)  (h) yield (wt.%) (MJ/kg)
379.29 1.50 29.2610.45 18.4611.66 20.89
400.00 1.00 33.0210.44 19.731+0.91 23.25
400.00 2.00 22.5710.00 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
450.00 221 20.64+0.90 27.19%0.36 21.13
500.00 1.00 18.8810.53 30.08%+0.93 22.39
500.00 2.00 18.9310.40 28.34+1.71 20.82
520.71 1.50 15.07£0.08 32.95%1.92 20.83
450.00 2.21 20.64+0.90 27.19£0.36 21.13
500.00 1.00 18.88+0.53 30.0810.93 22.39
500.00 2.00 18.9310.40 28.34+1.71 20.82
520.71 1.50 15.07£0.08 32.95%1.92 20.83
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M3197 3 : MTUATIYANULUTUTIU (ANOVA) vosgaumaiiuaziim

(n) nefevaznaliveuds

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*
B? 6.91 1 6.91 13.46 0.0214*
Residual 2.05 [ 0.5137
Total 266.09 8

(¥) siodngrd 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-gaumngil 200.82 1 200.82 84.59 < 0.0001*
B-13an 2.63 1 2.63 1.11 0.3330
Residual 14.24 6 2.37
Total 217.70 8

Tnofl A Ao guundl (psrniwaidoa)
B fe e (Falwg)
* pvalue < 0.05 wansiinadisziunnudesiu 95%
RANEEETGE
devmansmeassiiinnsesnuuunsmeaedaes CCD

FaLanalun1519 2 LlAns1grianuwlsusiu aglananis
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Arsuauselalasian 2Inn1sReIsUIAT p-value Tiszsu
AuLeii 95% wuien pvalue ﬂuaafl"’qqmmﬁl,l,amm

Tun13199 3(n) uazlanizgumgilunisen 3(@) dAtdee
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%Solid yield = 21.93 — 4.73A — 2.51B + 2.63AB+ 1.1987 (4)

guNNsaRneYA M UORTEINASUBUAB lalASIaU

C/Hratio = 24.84 + 5.01A + 0.57B (5)
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Fursalauiussanm 2-3 dUani

A5 5 LEnINANIT AT IEReRUsENeUYennduA Ty
1% Tnensafinanelanaelstimuvieafiaesian a1ntuh
dufiataluinssimemadn GC/MS HanITIAZRLans

IiiuinesAuszneuminvesirduaiuldiignadndela-

aolsfinuielefisozdiamiuldsnatunntn esusznou
dnilvgrenhduntuld fle Furfural, Phenol, p-Cresol, 2-
Methoxy-phenol (38 Guaiacol) kagayiusves Phenol
8u q FeansuszneuUseian furfural finuluthduaduls
\Anarnnnsaanesiives Xylan Tuieliwaglas [21] Tuvazd
a1susznaudszianlniensa saudafluea wazayiusves
fueady 9 duldunnnsaanefvesdniu Sovdidueans
Frudesuavansiudewuaiide (22 ilwdnnsldddu
afuliflunsiwienAuugniietisidalsasniuaziin
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M15197 4 : AuauTRveslududesauazaudinmanludulesaindnanniniaiuin 200 803

Material HHV Ultimate analysis (wt.%) C/H ratio
(MJ/ke) @ H N )
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 2597 70.49+0.81 1.26+0.10 1.38+0.25 26.87+0.82 55.9+4.49
Mt 5 : perUszneuvenihduniuliinnlududzen
Dichloromethane Ethyl acetate
No. Compound name
oC RT Area % | OC RT Area %
1 2-Cyclopenten-1-one 11.647 1.89 11.644 0.31
2 2-Cyclopenten-1-one, 2-methyl- 12.146 22 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 22
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 2.94 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

18498 : OC (Compound Occurrence) mngiasusenauiinuluiiaun il

Usenauiny UaziaSoaenensuuaniaIsusenauiluny
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M15197 6 : MIUTTINATIARWUMSKERmuTI ez A Tulinlududese 20 Alandy

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

il

5189015 ERG RGN wiae Vel 51A1594 (V)
WA 5,000 VInsaLAded 1 \A30s 5,000
\PSasUnSAEY 5,000 UMAeLAIed 1 ER 5,000
FINIUBIYY 10,000
TngAvlududzan 0 unsenlaniu 20 Alan3u -
Adaunas 0 vmaeAlaniy 20 Alansu -
1h 0.02 vmapAlansy 200 Alansu a
Tl a UMABNRUIY 90 nuw 360
Audedtu 25 vmmeilaniu 0.2 Alansu 5
AUTIYAUIIE 2 unsenlaniu 2 Alansy 4
AuTTatositdun Tl 5 Umsiedng 10 ans 50
suAdiunsaenss 393
YIYEUTALNA 20 vmmeAlaniu 2 Alansu 40
yeriduaulst 100 UIMADART 10 an3 1,000
swsesusiends 1,040
10,000
fiwmuﬂ%ﬁmt,ﬁaﬁumu " (1,000-393)
= 15.46

winews : 1) Algergeyluiiuguvesnsiringaumasialuiuinlgmlvdudyse AnTewmas uazarvuaadalsid windnsldingauainunas

duoradimlgareluailiiuiy 2) Usuiamdasiaeiaeauinm 2 dlansu uasihauaiulsd 10 a9 senisleluduvyse 20 Alansu

P

U7 7 : wdndusianlududese laun () dhunaldl (@) 1h

4.4) ApIviaununIsKanuasiauauu N Ty
M7 6 UaRINTUTENUTIAAUN LN SHART LTI
wazthduaiuls femnnuaivinuunn 200 05 910N
naapsnlen1sialudulesaan 20 Alansu aunsandnau
Fannld 2 AlanSunazirduasulsl 10 a5 e uan
Fununuauamu lun AeeuaziaIesuasnaai s
i 10,000 v aldanelunseiunsuaaviandsandu
393 um eldnnssmieauTInwwazihduaYuls
fonswanudendadaly 1,040 v Wievuduanm
ﬁwmuﬂ%ﬂumsm%ﬁaﬁunu WUIREFoaNUsEINN 16 ASe
FaannisnedeuaaauLnUI s snsldnanes

warfalAlmdunuutnufulazatunsaiiuaiudininesn

v

11

FuaTuld (@) meu@inw way (1) audauwriavSenusaneu

MuaziiunssndaelUld dsadunammind
Tsroznan 1 Fu uanddiiiuimpmuannsoduiunsiie
Aunuldlagldszoznanneluniafion

wONAING NNIRALUAAIUA 200 03 wazyinms
wanguTanuazirduaulfanlududzeatdu nudds
annsasevendundnsinsidu leun sui 7(n) srusalsl 5u
7l 7(m) mad T uazgUR 7(0) susauriavedusaieu
Dusiu uandiiuigusudsdimadentunisianndndos
\loreson dundniamiauls 19y nsimadudzsailsl
auysalainmsedanany aglagudinmluguaiu
walsl Aansnsaltifundndnsiganauluasiiou vie ns

s mlurauwladonudriuguduiounususis



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

figosns aniunnliuis anunsalfifud uganaulfigu
ety Fandandnsifananisneganitnsuieddaui
Wiggagafiey saufsm s ugIn L RaNiuauUgn
\ouFuusnun mvesiu Tiun Uinadunisngludu
andunsn-ssvesiu weawesanidulsslon uasBuna
Tnunaden \udu (23] egrlshinu YSnamsldamdanm
Tunsusudgshuionanunstudndudosdinisfinudng
duilvunga Lﬁaaﬁ]1ﬂﬂssﬁw%mwmaqmiﬂ%’mﬁﬁuﬁu

P

g

o 13

AUBIAUTENBUIBIOIUTININ WATENINVDIAUAIY [24]
wanwileanmsldaudinnlumunsusuugnunimees
futiy 9198015 a1udinnluvau L Jundnsuandund
warundu Wy nslunseduiendnaiuiudud vse
manildludgedudatunmsiiivaniludunausiely
' < ° o v v oa o °
aglsfinunsuilududzsnnliduingiuiu winih
Tududesadnanunldnuinagldaruiulunisuas way
audsagamdnienludulysafiunduesdusznauas
[ 3 o & 2 44‘4’ A o [ o o < 2
AetuguruIndudesinuidmivinlududzsauniul
wWalrluduvssaiisunanidesas Feoradulseiiunians

AR LAz INTSIASEUANUNS BUNBUYIINITHAS

5) a#3Unan13Ide
A1SANWINISHARAILTIN NN TUAUULSAASSI19ENTS

o a

sudunsluaesdundn Toun msanwidesdulussiures
URURNTT wazmswammsntaivineue 200 dng Tu
syfumaau dmsunsinwidesdunuigugininain
AT 400 BeraduaLazIan 1 $alus SAAudeu
geaganiniu 23.25 wnggasenlansu uavifevaznaldves
wiawindu 33.02 Snthl@iamm g aisurun 200
Ans Feusznausie 3 dwvdn e wnwadfierdnaudann
wrlnfiTemas wasgaviemuuiiu Tasfiduswesnun
\enansuTinmiinisrevierutaiielileth ansszme
waziigiumn$ maeenuidaviomuuiiy mnduufafivge
nmsmuwvarlnadeenlusidemdaiioviuiiidu
Fowad i vlruiaiudesesnuniiansysenoulelns-
ANSUBUAINIATHLUUBY Budanmdildanniauniiiien
Audougaan 25.97 wizgasenlaniy wenanisiléidy
Aluldidundnsaeinaesld NSRS siesRUsTnaUnUIN

i1 lnmiemea (Guaiacol) #uea (Phenol) uaveuiusvasiiuea

12

'
a

(Phenol Derivatives) 8 %aﬁqw%ﬂﬂumaﬁmﬁamLLazmi
Fudeuuniise Tnondndusmassldinsstuanudonis
yoanwastuiuitmneuieafududinm iewind
inwnsnsusdLtethduefuliiieldluiufingugn 393
wuadslunsihludulysaivdenmnanduhduatuls
%ﬂﬂhaamé’unumsmamméawﬁa iy dodeszsinng
Wuldlaluadiandndasiainamnvuin 200 ans wuin
yonanauiinmuazinduaiulsings Sanansonamdy
naguTInnsazauralilaoe Fadunadenlunsadia
HARSuAd T UNYY saudaanenifnisuufadiui
widennmanandiudaninen dnwairlidudou suyulias

wn guvuanansathlududunuunienmuisesendeldla

naRnssuUsynIe

mAfeildsunugavmunsifennnomudaasuine-
Mans Iieuazuinngsy (1) UssdUeuussanas wa. 2565
ANZELVVBUANAUTTAUNUAINANTWIdBLAETRIN
uvinerdemealuladsunany fuoen Lazgmsennmil
AuuzdlumMsaiulasns YeveuRMAMYIANTILAENS
wewaninenssumans wauiigwuonedldlieaeyase
indesflouaraniuilumsviidussduiiosfifing  sad
yrannsangatuayuiingantIemdesuenats veveunn
Aalo Indunsdnd Usesmunquinunsnssugndulzsavays
AMTUAMUBWATIETINOAY VovauAM AnTigeliw] dalus
uazasouadIlunseaTEian Uit umuIeaAs sy
egeumslfrunmsziunaany naenaufiieatesd
laildnanummnviuilvieuemdeuaraduayuauny

<@ ! i
WERGERNE

REFERENCES

Office of Agricultural Economics. “Pineapple industry: Plantation
area (rai), harvested area (rai), yield (ton) and yield per rai (kg) in
2018 by district.” (in Thai), OAE.go.th. https:.//www.oae.go.th/
assets/portals/1/fileups/prcaidata/files/pineapple%20dit%
2061.pdf (accessed Sep. 12, 2023)

B. Chomsawan, P. Yodsoontorn, and P. Srisom, “Utilization of
Phulae pineapple waste for cattle feed,” (in Thai), J. Graduate
Stud. Bansomdejchaopraya Rajabhat Univ., vol. 6, no. 2,
pp. 10-16, 2021.



(3]

(11]

[12]

P. Moonsri and A. Hutem, “Development of wood vinegar
production from local wisdom in Phetchabun province for
organic agriculture utilization,” (in Thai), J. Sci. Technol.
Phetchabun Rajabhat Univ., vol. 3, no. 1, pp. 13-31, 2018.
W. Kalasee, “A wood vinegar machine for sawdust and
wood dust,” (in Thai), SDU Res. J. Sci. Technol., vol. 1, no. 1,
pp. 45-54, 2008.

S. Robb and S. Joseph, “A report on the value of biochar and
wood vinegar: Practical experience of users in Australia and
New Zealand Version 1.2 — April 2020,” Australia New Zealand
Biochar Industry Group (ANZBIG), Tyagarah, Australia, Accessed:
Jun. 1, 2022. [Online]. Available: https://anzbig.org/wp-con
tent/uploads/2020/07/ANZBI-2020-A-Report-on-the-Value-
of-Biochar-and-Wood-Vinegar-v-1.2.pdf

M. Hagner, O.-P. Penttinen, K. Tillikkala, and H. Setald, “The effects
of biochar, wood vinegar and plants on glyphosate leaching
and degradation,” Eur. J. Soil Biol., vol. 58, pp. 1-7, 2013.
T. Sataklang, P. Khongkrapan, and A. Intaniwet, “The study
of fumeless charcoal retort with rectangular fin installation
for thermal efficiency and energy saving optimization,” (in
Thai), in Proc. 12th Conf. Energy Netw. Thailand (E-NETT),
Phitsanulok, Thailand, Jun. 8-10, 2016, pp. 632-637.

U. Ketsripongsa, J. Makaew, S. Painjud, T. Yutthasarnsenee,
and P. Moonwundee, “High efficiency charcoal kiln models
of community in Khok Klang sub-district, Lam Plai Mat district,
Buriram province,” (in Thai), in Proc. Innov. Technol. Conf.
(ITC2017), Surin, Thailand, Dec. 25-26, 2017, pp. 1-11.

M. F. Mail, M. H. A. Rahman, N. A. Baharom, M. S. Shahrun,
and M. R. M. Daud, “Development and performance of
Pyrolyzer for production of biochar and wood vinegar from
domestic agriculture farm waste,” Adv. Agricultural Food
Res. J., vol. 2, 2021, Art. no. a0000212.

T. Poowadin, P. Khantikomol, and M. Polsongkram, “Producing
wood vinegar from neem wood by closed circulation gas
pyrolysis kiln,” (in Thai), Srinakharinwirot Univ. (J. Sci. Technol.),
vol. 10, no. 19, pp. 50-59, 2018.

S. Kaewluan, P. Sriromreun, S. N. Jansri, P. Asadamongkon, and
S. Chuichulcherm, “Charcoal and wood vinegar products from
hedge bamboo by using 200 liters community charcoal kiln
working with gasified biomass burner,” (in Thai), Rajabhat
Chiang Mai Res. J., vol. 22, no. 2, pp. 229-245, 2021.

T. Amornsakchai and N. Kengkhetkit, “Pineapple leaf: Source
of natural fiber that should not be ignored,” (in Thai),
Srinakharinwirot Sci. J., vol. 30 no. 2, 2014, Art. no. 4821.

13

(17]

[19]

[20]

[21]

[23]

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

J. Sabseree. “DOE: Central composite design,” (in Thai), For
Quality, vol. 16, no. 145, pp. 72-74, Nov. 2009.

A. Demirbas and A. H. Demirbas, “Estimating the calorific
values of lignocellulosic fuels,” Energy Explor. Exploit., vol.
22, pp. 135-143, 2004.

A. Pimenta, M. Fasciotti, T. Monteiro, and K. Lima, “Chemical
composition of Pyroligneous acid obtained from Eucalyptus
GG100 Clone,” Molecules, vol. 23, no. 2, p. 426, Feb. 2018,
doi: 10.3390/molecules23020426.

J. Escalante et al., “Pyrolysis of lignocellulosic, algal, plastic,
and other biomass wastes for biofuel production and circular
bioeconomy: A review of thermogravimetric analysis (TGA)
approach,” Renew. Sustain. Energy Rev., vol. 169, 2022, Art.
no 112914.

D. Angin, “Effect of pyrolysis temperature and heating rate
on biochar obtained from pyrolysis of safflower seed press
cake,” Bioresour. Technol., vol. 128, pp. 593-597, Jan. 2013.
A. Tomczyk, Z Sokotowska, and P. Boguta, “Biochar
physicochemical properties: Pyrolysis temperature and
feedstock kind effects,” Rev. Environ. Sci. Biotechnol., vol. 19,
pp. 191-215, 2020.

S. Pap et al., “Optimising production of a biochar made from
conifer brash and investigation of its potential for phosphate
and ammonia removal,” Ind. Crops. Prod., vol. 185, Oct. 2022,
Art no. 115165.

R. T. Kapoor and M. P. Shah, Designer Biochar Assisted
Bioremediation of Industrial Effluents, A Low-Cost Sustainable
Green Technology. Boca Raton, FL, USA: CRC Press, 2023.
E. de Souza Araujo et al.,, “Antibacterial and antifungal activities
of pyroligneous acid from wood of Eucalyptus urograndis
and Mimosa tenuiflora,” J. Appl. Microbiol., vol. 124, no. 1,
pp. 85-96, 2017.

H. A. Oramahi, T. Yoshimura, F. Diba, D. Setyawati, and Nurhaida,
“Antifungal and Antitermitic activities of wood vinegar from
oil palm trunk,” J. Wood Sci., vol. 64, pp. 311-317, 2018.
S. Udpuay, C. Kueanoon, P. Chouwanapong, and P. Wiwatwittaya,
“Effects of biochar from cassava root on chemical properties
of clayey soil under greenhouse condition,” (in Thai), in Proc.
54th Kasetsart Univ. Annu. Conf., Bangkok, Thailand, Feb.,
2016, pp. 328-335.

S. Butnan and P. Vityakon, “Amazing biochar and its bipolar
effects,” (in Thai), Khon Kaen Agr. J., vol. 46, no. 6, pp. 1167-
1176, 2018.



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

ANTTHUNNUTTIIIINATNYDIUAATIIEIAIBITNIINTIINTNY

o [y ¥ ]

IATY U150

3

LYY ANy

Y ivndamans s1inIviivermans unIneraemaluladasut3, unssivaul, Ussmealne
*UseriusuTIna Blua : jessada@g.sut.ac.th

Fusiuadu : 25 Wwnew 2566; SuunANRATURALY : 28 WaBAAN 2566; ABUSUUNAIIY : 29 NOUAIAL 2566

wennsaaulal : 27 Sy 2566

unAnga
AT EliUszgnAldisn1sn e Ingaefikuu YOLOVS wdaglunisdiuuniugdnainamuesandadiaisves

o 6

Wuddaasinn wenuzd BUgiar viaud wazeluile msanlunsidulduvaduaudiumdn Teun nsaudunis
fdmnssuteya dadunsfauilusunsusenwinvewdieldlunsinwSendoyaielissuutyaussiuvgisous
nsafiunsiuineinisteyalegldlusunsuniwlnneusiuiussuuyseaiana Google Colaboratory ¥1N150533MN
windnas wazeeniuumsUsziiunawiugwesiuy luduvesmsdasteudeyalsihsuindatnasiudaiieivin
LLANAN https://www.muratkoklu.com/datasets/ 11vin1sandayanasuniu fdmitunds uazulandunneiafisus
wéniuldlunmaunn 800 x 800 A Suauaay 20-64 1wn Tnsiaguuuulifamadadnarsdousiutu S
wEndmansdewriuiutesas 5, 10, 15, 20 way 25 ANt RAlTdadasTeurtuRulUEnd LUy YOLOVS wiald
fuuudsnanduuniusinuaszysumeing 4 veamdadnansiusngluniw nansidenuindinuy YOLOVS ananse
Suuniuginvesudndriansits 5 aeiusléd Taomsssduanuusiusvesiuuuiandauds 0.6 wuiduuuannse
aﬁ”]LLuﬂﬁuﬁféﬁ”nViUswﬂgslumwﬁﬁmwmﬁmsﬁnms%auﬁuﬁu%faaaz 0, 5,10, 15, 20 uaw 25 lagnaesdesay 99.13, 99.00,

98.62, 98.19, 97.56 WAy 96.89 MIUATIGU

AR : NSUTTIIEANANTN WEATIES MIRTIIming NITwuniugng

]

14



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

Classification of Rice Varieties from Milled Rice Grain Images by

Object Detection Method

Wuttichai Watchararat® Jessada Tanthanuch?

12’ school of Mathematics, Institute of Science, Suranaree University of Technology, Nakhon Ratchasima, Thailand

*Corresponding Author. E-mail address: jessada@g.sut.ac.th

Received: 25 April 2023; Revised: 28 May 2023; Accepted: 29 May 2023
Published online: 27 December 2023

Abstract

This research has applied the YOLOV5 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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M 1 fogamanasdmaneitug (Crossover)
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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 [ 2 7 11 135 3.375 0
C 5 1 6 11 33.6 6.72 0
D [ 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 40.5 135 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 1,3269.50
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
M3t 4 : Megnarneuiildainnisdilu Excel speed sheet Mt 6 : aldaeiRededulassnisieatng
Obj1 Obj2 20 21 22 23 Aunuanldang Iwwky wie
. j3= fi P . o & o <
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10 AUsuuand (late schedule penalty 1,000 UIN/U
23 23,752,150 46.75 223.245 0.037 0.037 o .. .
11 Aldaglunisiiusinen (holding cost UW/fu-
23 22,391,992 45.39 224.108 0.037 0.074 30 .
rate) WU
23 24,678,836 47.68 68.610 0.011 0.086 o .
12 599NN TILIBILATU (tower crane o
23 21,018,078 44.02 211.803 0.035 0.121 o 4,000 U/
unit price)
23 19,693,756 42.69 227.680 0.038 0.159 o o « o
13 9951N159NUNIIDILATU (tower A/
23 25,596,844 4860 218111 0036  0.195 . 17.34 .
crane productivity) g
4. L. 14 Alg918971n11331397U (dling cost) 500 U/
PTG 5 : AEAITD WaTAIYUEIIHR i _
o ” P " Unaaii : andIugUINIUneaTN [11] onsimenide [12] AngIm
Funuenldieg UTanal (f) F1AADNUY (UIN/A) ! .,
I ra95IATY [13] AIUSIAUIILTUT [14
7 s 0-50 15,000 Pou 3] s aAv i [14]
(Ordering Cost) 50 - 100 10,000
0-30 5.5 TauiTunpUAITNAILILUUIIADIN1T89T 0 NU Te nERRY
8 Avuds o
30 - 60 11 SUn 1
(Delivery Cost) °
60 - 90 16.50

unasi : UyFsimmiaguaza sy (9] nsulgna [10]
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AN3197 5 wa 6

3.1.2) FUAUNUIAIIATINITAIETS CPM 3 ndoya
M151991 3 AvuefansIy wasUTuamaniduresudas
Aanssusadedl 1 Muunszeznawesasianssuadeil 2
wazimuntuneuRanssudauntihdded 3 arntuduin
SruzaveLAasianIIuEIE CPM fadedl 5 uax 6

3.1.3) Annaisiaiaguazalvielasinis andeya
151971 3 Amunduiuysdaszlnglds Roulette wheel
Feaunsd (@) 1dud Vsinansdsde Tanudniduitdsluus

Y

vy < USunaundniduisodddialasanis (315.8 ) waz

D

SLEENANLAREAANTSUANYT < AR (5 TU) A9T7 4

LarsrerIanlasInsnrungaulaidn < A1med (35 Ju)
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v =

Aetan 20 ntuteyanlauA MU TanLay

Y
v

Algelasang Aadl

1) Usinaanudesnstagluwsagiu fdedl 7

= Usunaudanvesianssy + srEvnATesRaN Iy

2) USnaueidesmsianavausiotu dstod 8

= ANUARINTIaRazaNnaunt 1 U + AUABINTT
Sanlutuiy

oy
o [

3) YSunaumsdseianazausigiu dadedn 9

= YSunaunsdadelanndasaunaunii 1 fu + Y3

' v
d

nsdsde Taniidslututu

1) UsinaneaiuTanazay fdedl 10

= UsmunsdsdeTanazansietu - Usuimaau
AoanTianarausIg iy

5) Adlsdo dadedl 11

'
o

= YSuaunsdsiedan x Adsee
6) AVUEY AaRT 12

= YSunaunsds@eidn x Anvud

q

o [

7) elddnelunsiftusnen dadedt 13

= UsnaneafiuTanasan x Aldanglunisiiuinm

8) Alddnenesiasu fededl 14

= (AUABINITIANYRILAATAINTTUADTY + UTua
N3d9de) + Sn5IN15VUNIBIATY X S1ATFEMLAY
MAIDIATU

9) andelenia datodl 15

- (Adse + Avuds) x SsmeniduseTu x stesm
1As9n1S

10) MUSuTuadh fated 16

= (338217811ATINNT - 5¥8211a11ATINITAL YY) X
AUSUIUEITN

11) mldareanmsinenu dadedt 17

= NATIUVDITUAITT x AT IHAINNNTINNY

12) saeldanslasins fededi 18

- navavesldIelasinis dauddedt 11 fe 17

Nndoyansnsdi 4 Hunadunudeiolud

13) Annquszasn Fadait 20

- (Wosidus x (Hasamvesrldanesiaun = 1,000,000))

+ (Wosdud x szezanlasanig)



14) AANULTLSIVBIRNBU Aetedi 21

= 10,000 + Ainguszasd

15) mAuhazfuiivsusulys deded 22

= anuudeussluiuty + nasiuvaruLduse

16) mrAuazluazay daded 23

! ' I ! 3 L ! ' [

= mAuinasduneunin 13U + Arrudiasduly
Tutly

3.1.4) B1IumIAINOUTIATIGAN I I5L 3 TUGNTTH

1) gustuusdaselnegldds Roulette wheel Asuandly
aunisi (8) fregsznineannuinanluavanvesdilnuiy
° & IR AN A lo ¢ v v A
iy duneiuguazuinug deten 24

2) Wvisuguasiinusilaannisguunantiuany
Wug (Crossover) Muliiiamem fedan 25

' v ¢

= (Wouguazualiug x (JuardmseUsuiunisdede

a
<

Tananeu - 2) + 2)

3) dusumisnvzaduainauresiemaunaeiug u

8n3u (Mutation) fadiedt 26
154un18M31n Crossover x (Fua1g1m3oUIun

nsdsdeTanmdnidu - 1) + 1

0) dnlddnouiitininaunduluunuluded 4 udald
ﬁ’mawmiwﬂu%’aﬁ 5 83 27 warummauaunitagla
Fmeuiiffian daled 27
3.2) nsdifnwlasanisnoasnvuindn 2 du

nTayakuudtaeslyminsflAnwILNuiINuaLIaT
Tassnsrioadrsvunadn 2 du g3%ulald vBA (Visual Basic
for Application) Tun15iWaiun Excel speed sheet Lo
nMadouaddniimadetusnssudsdunoufinand sy
mAmouveILiariu IngosdUsznoUveIyAMATLAnS

megenslisuluzun 2, 3 uay 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 : Msmvuadiulsdasy
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Math.Randomize
For p = 1 To POPULATION
For a = 1 To ACT
GEN(p, a) = Math.Rnd * 5 'Del
Sheets("Generation").Cells(l + p, a) Value = GEN(p, a)
Next a
For d = 1 To DAYS
GEN2(p, d) = Math.Rnd * 315.8 '
Sheets ("Generation").Cells(l + p, 7 + f‘) Value = GEN2(p, d)

sUR 3 : mMsfvuamAsiTuat ke AUABINISIANLEY

il

Public Sub FindCbj3(ByVal p As Integer)

ob33(p) = Obj(p) + (Ob3Z(p) / 1000000)
Sheets ("Generation™) .Cells(l + p, 43).Value = Cbj3(p)
| End Sub
Private Sub FitnessValue ()
Dim p As Integer
For p = 1 To PCPULATICH
fVAL(p) = 10000 / Cbi3(p)
Sheets ("Generation™) .Cells (1l + p, 44).Value = fVAL(p)
Next p
| End Sub

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, 45).Value
Sheets ("Generation™) .Cells (1l + p, 46).Value

Prob(p)
CumProk (p)

JUT 4 : nMaBsuaunisinguszasd audauswuazanuiianiy

U

ndeyatnwudIdelavinnisiaseyt wazseuiiiey
Tneuvansdidnweenidusiil
3.2.1) ImsrwsiasiUSsuiiisunsiinisdide Sagneasas
1lAsens
1) nadieuliinisnauaautagauuauay nedldasly
AUdIAYAUTEEEIa1lATINTT (Project Duration) 100%
Tneissszaznaniasanislaliand delaldddafalsunn
nsdsdetan uazalddnelasins
2) nsdllaianliiin1svIauwAauTanA LUK nsdiiaz

TianudAgiualgatalasanis (Project Cost) 100% lne

o

Tvimnudn

o o

WSnamsdseiaatuaildanslasing

ot q
il dadeszugnanlaseng

3) mimﬂ'ﬁwznmlmqmsﬁ'mmzamﬁqm (Optimal
Project Duration) wazAlianelasimsiiwangeaniian (Optimal

Project Cost) lagl935n15Uszanualuging (Interpolation)
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utsnsiianudAgseeziiailasenis wazalednelaseng
sanilu 5 nsdl lown

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) nwiuasiTuiounan I auTign
Y99NITIUMAIFOY MIMAINTIINEaNTgaagliAEns
'Jumﬁwmawaw%mmmiéﬁai’a@ JEEEIALATING kA
Aldanelasenis Ineuusgueanidu 4 nsd loun 10 5w, 30
31, 70 JU Uag 100 Ju

3.2.3) SiAs 1RSI UTI U NAA WA 1M UTIA A
n151Tsuifisuszninedineuiildainidnisiaun
wuudaeamsdsdeiivszndn laensliisdetugnssy uaz

AUNTNTATRNUTENER faaunisn (1), (2) wag (3)

4) NanFIdeLarafUTIUHa

4.1) insrediuaziSauiiounsdnisdiaagnoaiiudy
lasanis

4.1.1) nsalgoulvilnI5vInUAaNIaNMIUUALIIY T8
Ifiendasgransddnuivesnsuiulgsdmeusoud 1
uay 2 N1ATEu IngazlianndAtyiu Project Duration
100% Lilemszoznan wazalddnslasinissudiands
wandlunisnedl 7 uae 8 wazguil 5 anunsadiasievile

o

ramelull

M50 7 ¢ WSsuiieuAldinensuSulssineuseun 1 uag 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 Wsulsuanldinenisusuusadneuseult 1 way 2 (sie)

Inventory Cost 50Ul 1 soufl 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
55.719468
0 52.453076
2 48.464316
& 50 43.882092
R 40.562228
2 40
g 31 29 ,
] 30 [ TITER—— S 6 2 2 -
2 19 - - —
S 20 16 .
g 12 1 10 s
10
0
1 2 3 4 5 6
saunTUTulseAmaY
..s.-Project Duration (day) Praject Cost (mb) Idle Time (day)

JUN 5 : maSeuiiussegianlaganig alddnelasenis uag

TE8LIANI199U

1NNUSUUTIARaUTEUN 1 war 2 Tugudl 5 wuh
Woszeriianlasain1sanal seiianinsulagalddng

1Assnsiazanasnulume 1lasainuSuianisdsdaluns
o v & ° v Yy & ° a
aysavdadnunduiiazsiuiuunn wazluladaudusiuiud

¥

9 A lASUAILANTBITIAIANNUSUIUNTAITD AINNT19T
8 FevhliiAndsde Arvuds Arlganelunisiiusne Aldane
mMIesATU Amenieitu AU Aldanendeuuas

Alga1eaInnITINufazanauluAIesanIs1an 7

o
o

A1519% 8 : USunaunsdetenvililasudiuanvassian 2 Ju

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
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4.1.2) nsedluigoulilnsvinupauianm s {ITe o s
v o o 1 N o o al' 52
Ievinendegansalfinwveansuiulsedineuseuit 2, 3 o
waz 4 Az lneazlinudAtyiu Project Cost 100% U B
40 H ' 373
= R s o o 35 35 :
Wemszuga wagAldinelasinssiudigasnandy 2 314 e
= q‘ a vo & & 30 i
#1519% 9, 10 uag 11 uazguil 6 anunsadnsenilansialuil E: Bz S 2
S P T o o o é 11686537 | 1060011y |
M3 9 : WisuieuAlginensusulssdneusoun 2 uae 3 o S, | 13T L T s otsots— ssoneras
Inventory Cost J0Uf 2 J0U7 3 Diff. TT—"
0 H +
Project Duration (day) 35 23 12 1 a2 s a i 6
Project Cost (baht) 10,692,111 7,322,177 3,369,934 S
Ordering Costs (baht) 7,800,000 5,880,000 1,9201000 «.@-.Project Cost (mb) Project Duration (day) material quantity (ton/10)
Delivery Cost (baht) 2,860 2,156 704
Holding cost (baht) 78,675 40,818 37,857 gﬂﬁ 6 : maspuifisuanldanealasinis syezailasanis
Handling Cost (baht) 53,075.26 38,307.09 14,768.17 LLﬁzU%mmmiﬁn%@i’ﬁ@
Opportunity Cost (baht) 2,731,001  1,352,895.88 1,378,105.13
Penalty Cost (baht) 15,000 3,000 12,000 31NNTUSTUUTIARBUTBUN 2 war 3 Tugui 6 wuh
Idling Cost (baht) 11,500 5,000 6,500 AlganelasanIsanas Usunan1sdstoiantayszeziiad

q

¥
' ' |

Material quantity (ton) 520 392 128 1Assn1shazanassuludig Fevilieandeds Avuds Anld

Ielunsiivine Aldaneniiesiasuswazalldaieann

A5199 10 : Wisuifisualdsenisusuusede i ¢4 . - o & \ &
: 0: Whibudieurlite iﬂiUU§ ousauy 3 ua m31Nm‘ufﬂ3amaﬂmmhmzumiawaiwmaziauImam

Inventory Cost 50Ufl 3 50U7l 4 Diff. o @ A o o & & o A= o M v
Wrnnduitazduiudes wazdadudwiug Junlnlilasu
Project Duration (day) 23 26 -3 . - R 4 .
, AT IAIMNUSUIUNTHIWOAIANT19A 11 dauan
Project Cost (baht) 7,322,177 7,148377 173,800 o
= a YA 1 [ 1 Yo 14 I3
Ordering Costs (baht) 5,880,000 5595000 285,000 nanlendoy A1Usu warAlddnen1edaunazananiy
Delivery Cost (baht) 2,156 2,051.50 104.50 T2ELIAlATINTAINNTINN 9
Holding cost (baht) 40818 42,696 1,878 31NNTUSTUUTIARBUTBUN 3 wa 4 Tugui 6 wuh
Handling Cost (baht) 38,307.09 4089619 258910 gnldqrglasinisanas Usuaunisdsdetanivzanasmuly
Opportunity Cost (baht) 1,352,895.88 1,455,233.38 -102,337.50 Ey uAszazanlASINISASUIRLTY Seleseaeniys
Penalty Cost (baht) 3,000 6,000 -3,000 va 4 e 1w o vy .
A8y AU AldIendenuazAlYIIaINN1TI1Y
Idling Cost (baht) 5,000 6,500 -1,500 o CoLr .
, , WINTUAINTEEELIALATING WAAIAIZD A19UdILATAN
Material quantity (ton) 392 373 19

Tg1eninesiAsuaranauUSuINSHITe luwAaysau

v v & ° o o & o a2 ogw
AT 11 - USnamsadetliladuduanuessin 2 Su Tnedudnunduiiazdnuiutes wardududiuiud "UQW{L‘VT

v

Pro. LuilasudiuanveasnAInuUSINuNTa@eRInIs1eN 11 ue
Pro. Cost Ord Cost e . o o o X a4 oA Y
Improve Dur. 1 2 ArlganglunsiAuSnwIna UL UTUAnINATETan Ly
(baht) (baht) , Ly '
(day) USHannIUSHNaLAaNTIElATINIG 315.8 fil A9R1919
2 10,692,111 35 7,800,000 20 2 A 10
3 7322177 23 5880,000 26 23
4 7148377 26 5595000 12 19
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4.1.3) UATILVUAUSIUTIEUNIAIAIIUNLIE m/ﬁ'g@
youszezIalATinIsasA1lee1lasings Taeldisnis
Uszanua1lutig (Interpolation) wusnsliaaudnAgy
syugnalasans wavAldanelasaniseenidu 5 nsal laun
Project Duration 50% + Project Cost 50%, Project Duration
70% + Project Cost 30%, Project Duration 30% +
Project Cost 70%, Project Duration 60% + Project Cost
40% wag Project Duration 40% + Project Cost 60% %!
ddmeuiilaundieufisufunsdeeuliinisuiawnay
Va0 ARMIULHNWITUY Project Duration 100% wagnsellaoaul
N5V 1ALAAUTAANINLNUIIY Project Cost 100% #i9

a

A5 12 uay Un 7

P3N 12 MaUTeuidisumaimnamanzauian

Project Duration Project Cost

v o

5¥881a1lATINTILLINAINNTAIU 9 waldiAuiuandn

gausulARanisen 12

4.2) WAL UTIUTIIUMAIAIUVNISTUT AV
n715%79URIA MY (Iteration)
4.2.1) AU?z/wﬁsjummuwm"mawamﬁmmm551”@?7@

[

7 i‘U‘Vl 8,9, 10 uag 11 AN ATIEALAS ﬂ

Y

Iteration 100

600 566

500
-3 392
L
€ 400 313
=] 314
= 306
£ 300
[~
E
é 200

material quantity (ton)
100 - quantity

nsdinsdedle ° 2 4 é 8
(day) (baht) sauntsuiulsednau
Dur 100% + Cost 0% 22 40,562,228
Dur 0% + Cost 100% 35 10,692,111 U7l 8 : msrwmdiney 100 fuvesUFununs {0 ¥an
Dur 50% + Cost 50% 23 25,118,760
Dur 70% + Cost 30% 22 37,530,592 terati
eration 70
Dur 30% + Cost 70% 24 22,606,224 1000
801
Dur 60% + Cost 40% 22 36,664,856 800 e,
& 642 615
Dur 40% + Cost 60% 25 33,417,384 a,é 600
4
g 400
s é —e—material quantity (ton)
200

40.56 M Project Duration (day) i Project Cost (mb)

40 37.53

36.66
35
2512
2261

35
3342
30
25
25 22 23 22
20
15
10.69

10

5

0

Dur 100% + Dur 0% + Dur 50% + Dur 70% + Dur 30% + Dur 60% + Dur 40% +
Cost 0% Cost 100% Cost 50% Cost 30% Cost 70% Cost 40% Cost 60%

e
szpzaan uavaldgelasams

Amauiiangn

a ~ a ' a
E‘U‘W I ﬂ’]iL‘UiEJ“ULWEJUM']W]F]’]']&JLM&J'WENW@@

ﬁ]’]ﬂi‘U‘W 7 5uEJ-uL’Jaﬁiﬂix‘iﬂ’liﬂLM@J’]uﬁlWIﬁG]LLa FunU

q

Iﬂiﬂmﬁnmu’waqumﬂaﬂﬁm Project Cost 100% Ltnw31e

d' ~ = G N v i ad '
LaJaL‘tJiEJULVlEJUﬂﬂ‘dﬁﬂﬂiﬂiﬂﬂﬁumuaammimau 6 LA
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0 2 4 6 8
saun1sUiudgesdneu

o
o 1y

JUT 9 : MyumAImeU 70 JuvestFinunsdeTan

Iteration 30

3500
2968 2932

3000 2628
=
T 2500 21
-5 P 2088 180
32 2000
=
=
E 1500
e —=—material quantity (ton)
.,:E 1000

500

0 2 a 6 8
saun1suiul§ednau

o
o

JUN 10 : nmumAney 30 JuvesUSunun1saigeTan
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3000
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Lﬁmmmiﬁﬁﬁﬂv;
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Iteration 10
4749

4455

4088

3054

—s—material quantity (ton)

2 4 6
saun1suiudgeAnay

JUT 11 : mmumAney 10 JuvesUSinan1sdaetan

Y

a

o v

sU71 8, 9,

=

10 kay 11 Nu31 AmeuNANdnAs 100

q

gaumAmouIIAYeduIIntils BelduIunaunisds

U

q

¥
N

Y

Taguogaaviitu laganduTuiauesianizanasiey o

aulaAlndifesrneuniign

4.2.2) WSgUIEUNITIUNIAINO UYL EIalATINIT

o a a vo &
QE‘U‘V] 12, 13, 14 wag 15 ﬁ’]ﬂJ’ﬁﬂ'ﬂLﬂi’]z‘ﬁLﬂﬂ\‘iu
Iteration 100
40 35 |35 :
35
= 30
5 25
€
= 20
&
» 15
§ 10 —s—Project Duration (day)
5
0
0 2 4 6
saun1sUFuUTIAReUY
JUN 12 : nyumAmey 100 uresssazialasing
Iteration 70
35 31 r====1
1 29 I 29
30 28 | 28
25
= 25 R
S
£ 20
= —e—Project Duration (day)
€ 15
2
310
5
0
0 2 4 6
saumsuiudisdmey
JUN 13 : MsmumAney 70 JuredssEzIalasing
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Iteration 30
35 ====5
w0 L
26
Lo~ 25 25
e 25
s
g 20
=
& 15
;:E 0 —sProject Duration (day)
5
0
0 2 4 6 8
saun1suTulgeAnau
JUT 14 1 MTIumAIneU 30 JUYBdsEEELIAIATINIG
o _Itci:ration 10
35 3, 2 I
28 |
30 l | 2
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£ 20
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& 15
3 —e—Project Duration (day)
i 10
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o
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saun1suiulgednay
JUT 15 : MyumAneU 10 JuvedszesIaIlAsingg

S |

N3UT 12, 13, 14 ua 15 wuin Maeuiipfigade 100
$u Brumdmeuavaavesusnniily Baldszesinan
Tassmstorasuiriu dunaldanmsuiulssmouaded 2
uay 3 99 100 Ju svezafildaeliosasiie 12 Fu ieifley
U 10, 30 uag 70 fuszezaildaziosauade 2-5 Tull
AL 9 ANAY

4.2.3) Wiguiiigun17aunIAIneuvesnuyualga7e

o

734 AIUT 16, 17, 18 wag 19 anunsadasigsilanail

Iteration 100
14

11.686537
12 o 10692111

10
7.322177
8 7.148377

5.945909 5 8008785

—

lddwlasinig

—eProject Cost (mb)

0 1 2 3 4 5 6 7
sauntsuiulgedinau

JUT 16 : MyUmAIMeU 100 Juvesuyuaildinesi
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Iteration 70
14.919267
13.949918
12.616502

11.886965
11.483629 11.038916

-
e
S 10
€
= 8
= —s—Project Cost (mb)
B 6
w2
€ 4

2

0

0 1 2 3 4 5 6 7

saunsUiulgedinay

JUN 17 : nsaumdmey 70 JuvesdunuAlidie sy

Iteration 30
45
40
35
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25
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15
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39.839776 38.270024

34.136876

2881781 o7 rg5988
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aldaulassnng

—e—Project Cost (mb)
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saun1sliulgedinay

JUT 18 : My mumAImeU 30 JuvesiuyualdinesIL

Iteration 10

70 65.31256

61.492956
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50 45763624
42.110464,
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40

30
—s—Project Cost (mb)

alddeiasanis

20
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JUN 19 : nmumAweu 10 Juvesiunuelidnesiy

o
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Ju Brumdineuiiiuavasgunininls Bdldanlddne
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lassnsegasviniy FaazanasmuUinanisddesun 8,
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4.3) UpTIwilkasiUSIUTIEUNINAa NG A 198 UTIATIgR

oy
oo A

Wuniswseuiisudsununisdde Andawe arldsnely

& @ Y q‘
NTILNUINWN ﬂ\‘lLLﬁﬂﬂlumﬁ’N% 13

A15197 13 : MsiUSeuiisuseing GA wavaunis EOQ

Inventory Cost GA EOQ
Material quantity (ton) 306 54291
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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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
U 5 : mans3suifisuguiuunsdagasiaevinauitouly
NIN 2 : wwdlduAnRfensdyasmewinvesaniuil  ANUATIeTY diugsiagudnisunmduazlsmeiuna uay
egeneiugsiavsuaranuduilinguuuanais uiaz  gshveasdinnuldlasuranssnuaininasnislaensads

Aaznuteulaiisafiednndaedonisdyasierinne

'
=]

Turesanuiuaznquenaiuliiiu 10%
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dyassnewh (3U 5)
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JUN 6 : Usgmeunasnisiieatesiulsalain-19 nsguna

A157 4 : rnalsEInaddAnAdeUUTINAUN T YA IRIBLYN

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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U3, 33095 1ue1s nguawiadngUiuunisdgyasaie
whmannuaneuazuansnafusULULTesAnadeTsaonades
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Less than 10 traffic/day (Bar & Night Club)
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Less than 10 traffic/day (Medical Center & Hospital)
=== PASS

10 - 100 traffic/day (Medical Center & Hospital)

More than 100 traffic/day (Medical Center & Hospital)
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—
e Mean
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Less than 100 traffic/day (Office Building)
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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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fszmaldite 3 wamsnasil Yuil 2 uaz 10 wwew. aa.
2020 finstmundrsnanlnduaznindeuasguidadan
Fndaus 00.01-05.00 . uaw 22.00-04.00 u. ANAINY
nuIgInasuAUanwasisasINAUA A UTENIAT LY
nsdayasdaeiee 910t 3 nquanau a.a. 2020 aygw
Tilsfutsgmuluiulduvuiifoulauddnsiusiviie
wazuilnasosinueanesodneludu uasiiisassnaudn
anunsadlavinstiudiu 2 Judnunnuingsiaduems
wazgINAIUAUANKAINIETINENAT F1IUNTTYITAEY
Winfiatuann 390 traffic 1y 627 traffic wazifisduain
2448 traffic {u 3598 traffic sudiu Tuduaadedetu
(AN51971 6 wazguil 13) LﬂuﬁhqﬁﬁhLaﬁamﬁqmamﬁuqsﬁa

U U

AugNITUNNGuazl s 1UIaEA1LRALAINI1YITIILLAR

¥
] '

\WerlaTumsiie 68.58 traffic
2) F1nugAngesieTuas msendniaesialuiui

14 fguie. A.A. 2020 §3AUITuavanIuduiie, §3ia

= £% Y v W

WIS wargsNaf A UANLasIsasINaLAT Tudaun

FuUNSFYITAEIUANTUIN 337 traffic LU 453

traffic, 664 traffic vJu 712 traffic way 4882 traffic

58

vu 5133 traffic muaau lae 5 Jundausenasiuiuns
dyaskaingatudu 714 traffic, 810 traffic uay 6633
traffic aud1iu nseynalidmineuazuilnalniesiu
woanegoameluduevisialutianaiiinmue, uisuas
aouduiialalddaiiodiu waziassndudndalad
22.00 u. uarduarmnzedals 26 Hlus Saunsdyes

v a

sawnfwwnliiugdudndossutasoudanay Tudmn

' a -

AladreTugsiauITuazan Ul Ui Tugniuazians
TnaLABIAUYIITZUIATEADNEINAIITULTEY 1.84 traffic
uag 12.93 traffic aua19U diugsnaemsdinau uay
gsfvgudnsunmduaglsmetuna Aedematudisszun
saenusnidntiosagil 80.10 traffic way 68.58 traffic
PIUAIRNY

3) $2aspUInsEanni 2 n1sidafuiinvieafiedriawd
nsfifivay dUn1visiongsfauishazaniuduia, §3ne
UL IMNT UALTINITIWAIUANUALTETINEUAT T1UIY
mié’miﬁamﬁ%ﬁumn 360 traffic WU 798 traffic, 467
traffic LUu 1031 traffic uay 2567 traffic \Ju 6989 traffic
audu nsdslaunsnazaniuduiisdnaddluiion
Funau a.f. 2020 ManUssanaaesioundslsenimey
sedusiingn 50 traffic Fa¥uil 15-19 unsaw a.e. 2021
$1uunsdyesieriiutusgsdundy nmsiusmine
wazuilnadoshuteanesaduartmuomsisiulatng
06.00-21.00 u. WuIIudANIgIAIFIUEWMNTETINIUNSG
Fyasiewiiiuduann 290 traffic 1Ju 504 traffic Aosn
oy alileduusemuitiuldds 23.00 u. Judaundiuu
anaIRn 315 traffic nde 44 traffic warduauAilugag
20-80 traffic .uszoriiarszan 2 dansi deluy
eaftuiivinsasinauiuazgudnsiiaunannsoda
uinstaniuund nudrfudauigsiadiudvdnuas
M NETINAUAIIIUIUNTFYDIMNBLYINANEIIN 1607 traffic
e 289 traffic LazegIzning 66-449 traffic LU

o A

sreElIaUTEIIM 2 dUA wavduil 24 nuaus A.a.

2021 nseugnbigsiauIsazanuduiadalaldiiv
23.00 u. uazdmitsuazuilnaiaiosiuueanagodi
Sruomnslalurisnaniidvun nuineuussaa 1 &ansi
g3naVIsaran IuTuie war§IAITINEIMIT TIWIUNTT

q
o a

doyasanainfintuegnauudinin 26 traffic \u 637



traffic wag 40 traffic Wy 874 traffic AUARU YuSALINE
Uszaefinduann 662 traffic LU 762 traffic uaz 742

traffic \Ju 844 traffic mud1sU druAedsss TunuINg9

20200301

800
700
600
500
400
300

100

6000

5000

4000

3000

2000

1000

2020.04.00
2020-05-01
20200601 | *
2020.07.01

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

sEUINTEaany 2 ganannussianianadunisdyasniewi

=

Weuiign agsiagudnisunnduarlsameruianiaiuyieg
AnltasiaTumsil 0.71 traffic
Bar & Night Club Daily Counts Restaurant Dl Counts

Retail Shop & Department Store Daily Counts

DA, Ny ad
"' ALY
. LR )
RPN
jyt
4
3 3 i 3 b4 i 3 i b 3 3 H] 3
2 3 g 2 3 [ g ] z B z § ]
H g H ] H F ] H H H 3 H 3
g q 8 ] H § ] i L § g 8 L]

JUT 12 : msdyasimewintiaieidesiuinnsmslain-19
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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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Tuiiie #Un 2 e, 2021 Wisuiiu a.a. 2022 wazduni
1 5 1.8, 2020 WieURU Ww.e. 2021 (Z = —0.246, p = 0.805)
Uag (Z = —0.816, p = 0.414) AR, §3NRANTETNI
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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

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

1T .
Peona =7 Jy ve t "ixtadt

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 R is small in the range of

Ds(on)
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around 100 milliohms, the reverse voltage drop across
source and drain v, (t) 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 T,. Hence, the

switching power loss is calculated according to (2)

1 (t+T Eon(vaixnTj)+Eoff(vain.T})
~J dt (2)

P.. =
sw Ts

where T is the switching period, and 7 is the

fundamental period, E, (VX,IX,T]-) and Eg (VX,iX,TJ-)
are the turn-on and turn-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

1 ft+T Eon (Vpc,ix,Tj)+E0ff(Vbc,ix,Tj)

Psw = = J, T -dt (3)

T

The IGBT and MOSFET have both the turn-on and
turn-off loss; however, the turmn-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
turn-off loss, also called loss

reverse recovery

E. (VX,iX,TJ-), which happens because of the charge at
the depletion region Q,.-. Hence, the switching power

loss of a diode is evaluated as follows:

By =

1 (t+T Err(VpcinT})
ST e (4)

Ts
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Il 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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125
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25

Figure 6: IPMSM building factor vs. supply switching frequency

As widely known, core loss consists of two significant
parts; the hysteresis loss B, and the eddy current loss
Py » and to model these losses in the inductor core
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,

80

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

775 (5)
2};1 20-k) \ 2

Ak=2’Adk'W (6)

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

follows:

A dk = (5)

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
20
= £ (7)
Ady-le

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:
AkZZ‘Adk‘W'K'kS
__ 2pwK
k™ Adg-le
where k; is the lamination's stacking factor.

(8)
9

The hysteresis loss B, can be calculated according
to equation (10).
1 ct+T
Ppys = ;ft H-dB

where 1, B, T, 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 (JilekHZ)

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
f, . 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-q axis current in the field
weakening region. The outer control loop uses a PI
controller as the motor speed regulator.

In PLECS, the device loss data are obtained via

datasheets and experimental results as reference data,
and these device loss data Eorﬁf (\/X_ref ) Ix_ref yTJ’_ref) ,

Et::ff (foref’leref’ijref) ; Errref (inref’lxiref’Tjiref) )
vE @), viE () and v (t) 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
dq V; o | Carrier-based Sa Vsl
ok Tl osvewm [ s, T
— csptee|d| > MFT\TVA/ > FOC > e e ‘I
ontroller abc Ve N avayaya) S >
TV VY
A A A A A
la
idq da Ip
abc le
A -
wml em / M

Figure 8: PLECS simulation block diagram
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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 n1
0; — .
§ n: N Zr V4
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 Ve 800V Outer diameter out 127 mm.
Switching frequency f, 10 kHz, 20 kHz Inner diameter D, 102 mm.
1.0 s (IGBT) Magnetic path length I, 360 mm.
Dead time tyead
0.5 Ms (SiC MOSFET) Turn number N 283
Junction Temp. T, 125°C

Table 3: IPMSM Parameters

Parameter Symbol Value
Power Rating P ated 165 kW
Pole Pairs p 3
Stator Resistance R, 28 mQ
d-axis Inductance Ly 0.41 mH
graxis Inductance L, 0.725 mH
Permanent magnet flux I pm 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). SiC 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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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 Si-IGBT 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-IGBT 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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Figure 15 shows the relative core loss reduction of
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2 the inverter-fed iron core at switching frequencies of 10
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T 150 Core loss is reduced by up to 20% in the low-speed
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=1 However, the overall efficiency of the drive train may
not increase because the increases in the switching
50
frequency mean increases in switching loss of the inverter

resulting in inverter efficiency decreases. As shown in

Figures 16-18, increasing the switching frequency at

every motor's operating point is not always beneficial.

Figure 13: Two-level SiC MOSFET inverter efficiency ma . . L
: ymep Hence, optimizing between inverter switching loss and

250 2 motor core loss will improve the traction drive system's

18 overall efficiency.
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Figure 16: Core loss reduction of 10 kHz vs. 20 kHz (W)
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Figure 18: Difference between core loss reduction vs. switching

loss increase (W)

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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3T 1 : waveansinAedenendavedladuunalunguaiunu

wangunyumeealinaany1u (p<0.05)

Alady D4 L
ALa@e Break Aaae
) Young’s
(G Elongation E- Elongation
Modulus
(%) (GPa)
(GPa)
naueIuAY | 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) namsAnwIanumy UMy 3UTN 3 AFvealnaudy
3NNSTUTANAIMAIENdB99anIsALLUUABINTA
(Scanning Electron Microscope) fifindavgngning  fagui
2 agnuhbnudusansdnuausdutanranedulesionden
WUUEIU Snwaigiuialunguuis (dry) asiianuneuiy
& v = 2 & o a d' v Y
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3.3) wansAnwvsumsgnguvedluududenios BET
Analysis

mnmamm?{agwqu (mean pore diameter) LagU3uns
3W3U (total pore volume) vadlnudunnadenisisi 2
wuiAnedsgnuvedlfuusangudeniiauinniingy
AIUANKAZNENLAY UazUSinnTgnsusilAanas donndos
furnadsduriuguinansiifistuogieideddymeadi
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nanluunih Fsenaazdwmaliinsiuvonsaduuniizeld
f10u anmamnaees iesnlmngudeniiniagady

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)
nENAIUAN 6.7964 6.9895
naanden 3.6280* 10.229*
NALUAY 7.0804 5.775
(*=p <0.05)
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51y 1.988 + 0.031 2.005 + 0.031
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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 use 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 use 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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plx=i;y=pas)
(E:¥ = {pos)) = plx ;m\')lng(m)

N 1
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dz 0.8 0.5 [ 03 pos
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3BnsuTudn wéagede Uvasdulfidadulawuugu ioutiuitlndiign K Susiu
vt 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
tfxidfxsgrt(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 | 0521 | 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

tfxidfxsgrt(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

tfxrf 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

M1599 5 : wan1snareUSeulisulsEansnminginvesisnsuuamhminuuyateya Yelp

An1suiuen wdatede thvasdulddngulauuvugu wouthuiilngfign K Susu
éﬂﬁﬁ’ﬂ 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
thxidf 0.713£0.02 | 073 | 0.714 | 0.707 | 0.757x0.00 | 0.66 | 0.625 | 0.605 | 0.629x0.02 | 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 | 0.511 | 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
tfxidfxsgrt(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
thxrf 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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3BnsuTudn wéagede Urvasdulddndulauuugu ioutiuitlndiign K Susiu
thwitin 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
tfxidfxsqrticsd) | 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 | 0.723+£0.01 | 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
tfxidfxsgrt(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
tfxidfxMI 0.687+0.04 | 0.689 0.69 0.686 | 0.776x0.02 0.78 0.782 | 0.718 0.66+0.05 0.662 | 0.659 | 0.657
tfxidfxsgrt(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
P191971 7 : Hemsvnaeaisuisulsraninmiatinvesiinsuuamimiinuugadeya Magazine
38n13usuen wdagnedne Uvasiuldidadulauuuds iNouthuiilngiign K Sudy
dhwitin 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
tfxidf 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
tixidfxsqrt(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
tfxidfxsqrt(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
tfxidfxsgrt(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
thxrf 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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3BnsuTudn wéagede Uvasdulfidadulawuugu iioutiuitlndiign K Susu

vt 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
tfxidf 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
tfxidfxsgrt(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
tfxidfxsqrt(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 0.53 0.531
tfxidfxsqrt(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,5) 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, s 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
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AATIEVENFUNUSWUULESEY LneazAndananndanusni

[V

ANUFURUSAUNINATT 0.40 Felasumsnaaeutadnfey

§

YoIANFUNUS TuudldualuANdnIIAUAAIALAG OU

v v o o A

Useanit 1 Wegaeldseaudeddni .05 [13] Tevuin

=

VoI ITNINT AN TITonazn1TIATsteyadl

& 1

ANUAAIALAG BUANAIN 28 [14] warlan1s1aunsngan

anduius fAaguil 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 049 50 &80 160 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 9.0
20210831 044 20 30 130 0.8 69.0 242 87.0 7220 00 9.0

JUT 5 : m3udaranaannnisvineuazenteya

120



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

Pearson correlation coefficient matrix
100
- 0.071 0.023 0.012 0.15 0.036 0.011 042
NOZ - - - 0.042 10.068 03 016 0.048 072 075
03 - 015 - 0.055 058 0.0084 0.02 043
-0.50
PM10 - 041 - - 0.074 011 0.046 04 0.25 0.052
-025
Wind speed - 0.071 018 0.074 - 0048 016 0.16 0.054 007 0.089
Wind dir- 0.023 0.042 0.055 011 0.048 - 0.26 0053 04 0.0066 013 -0.00
Temp - 0012 0.068 058 0.046 016 0.26 -- 053 0.033 012
--0.25
Rel hum - 0.15 03 0.4 0.16 0.053 -- 011 0.069 033
Pressure - -0.036 016 0.0084 0.25 0.054 04 053 011 0.037 0.28
Rain- -0.011 0.048 0.02 0.052 0.07 0.0066 0.033 0.069 0.037 0.049 _0.75
PM2.5[ 042 072 043 -0.089 013 012 0.33 0.28 0.049
[us] NO2 o3 PM10  Wind speed Wind dir Temp Rel hum Pressure Rain PM2.5 Lo
U 6 : nsauvBndduusyAvsanduiusuuuiiio sy
3.2.3) MISASNAUNITNINTAIANIENITIATIZVINITONO DY Multiple Regression
a o A o aa o w fw 400 1 -
Waaunyga lagnsAadenduysndauduiusiven /
PM, s Hiflaamangaudilaainnisidenaudnumue e
° & o a a ¢ A v 300
Aruadusnysdasy taglunisimsigmiieds1eauns
IRV NALAAENT @1USUNITNEINTAIAT PM, 5 dUldin
-
A PMg, NO,, O5 kaiz CO muguuuuaunis (3) ladu g
u
AUNTSNYINTAUVDILUUT 1A (6) A9t
100 4
Z = -3.412+1.1819%,-0.1392X,-0.1149X5+0.8260X, (6)
el Z Ao Huazessvuialiiiuy 2.5 luaseu (PM,s) ol
= [ 6 I3
X, fis feasusunauanlen (CO) p ™ o o P
PM25

X, io Awlulasiaulaeenled (NO,)
X; Ao ielelau (O,)

X, fio duazeswwaliiiu 10 Tuaseu (PM,,)

lngisanunsadiaunisanaeenua i launasians
ANNFNRUSTAAY WelATIeRAuduRuSTEnINe AU
avessunliiiu 2.5 luaseau (PM,s) AU ANITNEINTE]

V3L UsBaTE Aagun 7
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JUN 7 Anaudimiusidadunan

dlewAanauns (6) wlanaseisnsmian R-Square
wia R? flesiniu 0.9557 Famneainudn fauUsdasza
4 yatoya Suldun @1 PMyy, NO,, Os waw CO Tauriuviungy
AN viseAEuazepuIA ki 2.5 Tunseu (PM,s)

l@speay 95.57
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3.24) msnnszvimsannegladain (Logistic Regression
Analysis) Wiea¥guiuumsizeuinissiassnisannostite
msnensal lnen1suusteyaseniu 2 yadeya Ao yanis
A5719ULUUT1899 (Training Set) Tas 3§ n1571ATIZYNS
anaesladain Feazlddeya 70% anyatoyaiomn lu
n1safeguuuvannIsnensal mmfuﬁwgmwuaums
wennsalfiairsliumaaeusemsvinneluyadoyaiivie
8 30% Feaglddmiuvhnisnsivdeunugndies (Testing
Set) wagNITIATIERIUAUTELAN (Discriminant Analysis)
fin AIANBIAUANNUSIZ IR UTINN LazfuUsoasy
Tnarmunm1 PM,s 1iun31 50 pe/m’ Tiduaniumasgiu
w38 234 (Yes) wnd1n31 50 pe/m’ dedndueidiliiiu
un5gu 3o liage (No) Feazunugasandu 1 fu 0
AIUAIRU LAIYVINNITASILUUTIABINITNEINTAIAIBANNT
annoeladann (4) T

Prob (Y) = 1

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

()

Tasfl Prob (v) Ao fuagoessuwinbiiiu 2.5 luasou
(PM, ) tAusasgmu vidoluiiAusnnsgud 50 lalasniu

X, A feasuauuauanlen (CO)

X, fe falulnsaulaeenlan (NO,)

X, Ao Malelau (O,)

X, fio uazossvwialiiu 10 luaseu (PM,)

3.2.5) N139TI9FOUAINYNFH B4 (Accuracy) 1agasng

A1319d1A gy lun1TInALEIT5a (Confusion Matrix) 910

auns (7) leidegud 8

Confusion matrix

FP

000

2500

2000

ACtual la

1500

217

1000

Predicted label

JU 8 : nsedrdglunsinanuanansa (Confusion Matrix)
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ndu anlaganmsdiaglunisinaiuaiuise

InemAIANgNAeY (Accuracy) lanuaunis (8)
TP+TN

. TP+TN+FP+FN
Tg? TP v YW18I1 “939” ASANUAIMLANTY “939”

(8)

Accuracy =

' v
a =%

TN Ao e “liase” sseduasininedu “ldase”

v
a =

FP e vhwiedn “a3e” uideiiiedu “le3e”

N fie viwedn “liase” urdeiiintu “ase”
A1a1uls (Sensitivity) Ao dndruveanauiniiuass
dmsunsnnaesu q 19U Mainuafiveniaiduase
(true positives) §4928Tun1suenn1svaaesdiunaau
Uany (false negative) Ls1z31n15naaeud slavinlns
Tonanislanaau (Wunuin ldinuafivernia) fluifu
939 (WY HaTiine3 Ao IAnuafivenne) Adesauvintiy

a1unsafadlaanaunis (9) sadl
TP

e — 9)
TP+FN ,
AN NE (Specificity) Ao dnaruvesnaauiidu

Sensitivity =

3EmsuNMIVIRaRIY 9 WU nsliiiauaiivennie Geay
taelunisfuduaninednavinUasy (false positive)
Iz IMAda BTz ng lonanlanauan (19u

P a a am o’ a A a A " a a
WU LNALANYDINA) ‘V]VLlIL‘Uuﬁ]iﬂ (WanNaAD 13~|Lﬂﬂ3~|aww

& v D ° ¥ =t
21N1A) NUBYALNIUU AwalaaInaunis (10) mu
Specificit, il (10)
eciicity = ——  ——
pecificity TN+FP

dlamuanainula (Sensitivity) waza1Aus LN
(Specificity) 91n&uns (9) wae (10) Aazldnanisinimneg
7 0.9632 waz 0.7209 awdsu wisAndudevas 96.32
wag 72.09 lagilmAugneies (Accuracy) Fasmnalldan
aun1s (8) agil 0.9485 niesoray 94.85

3.2.6) MINAARUUIEANEAINYDIUUUTIADN 1WA TA)
#9eA" Receiver Operating Characteristic Curve (ROC Curve)
Amzﬂl’lﬁluﬁ%ﬂﬁlﬂﬁd %39 Area under the curve (AUC) \Ju
AsENMSERFURUSSEIeAR5 TR AT TR Lay
adilaannisinedissauaudeiiudosas 95 wielsins
nadoulszANS AmnIsNensaifiaziinuai wnisennia
wioldAnuafivonna Saduisnisfianunsathunldlunns
dengadailminzauld Ao nisadiennuduiussening
true positive (Sensitivity) f1U false positive rate (1-Specificity)

MEN15wUIA19AGA (Cut-off Point)
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=== No Skil
Logistic

&
o

Tue Positive Rate

o2

False Positive Rate

T T
06 0B

UM 9 : n3 Receiver Operating Characteristic

a

lpgn15iden Optimal cut-off point isegAiag UL

glnauude

)

flazldein AUC snnilan (¥uadiian) Ao 9afle
Uummﬁ'qm %ﬂ%lﬂuﬁﬂﬁ Sensitivity g4 Lag Specificity g4
Frewuiu fafu mnen AUC Badnlng 1 Auansdn wuy
assnsneInsalaziiuse@nsainain
L:ﬁ"av‘hmwmaaummgﬂﬁaqmﬂﬂ'wmmh (sensitivity)
il fo 0.9632 warArAINTUNIY (specificity) b Ao
0.7209 snFuaasuuruildidulAs wier AUC fagld

Winfu 0.9757 ¥3e 0.98 Faguil 9

4) 9AUS18HANITIY

= g a ¢ v v e A o A 5y
NMSANHULTUNITUATIENANHUNUSINDAALADNAILUT

P

Puunzaulunisasisauniswuudassniswensal tagly

Toyaanmerniadounds 5 U wuin daudsiidanduius
Furmuudures PM, s TneiSesandaudsiitanudunus
wnlumtdes anAdulszadnivesaunisanaes fe Aw
A1suauneuanlyd (CO), Huagaosuinliiu 10 luasou
(PM,), Malulasiaulasenlas (NO,) wag Aalelau (O,)
mudu Fawudn dannnall (sensitivity) aglusziuged
96.32% WARIAINTINE (specificity) HszAuLes 72.09%
iesann dadevesiwdamieslasenlas (SO,) gnviiany
azo7m (cleaning) anlU FerAnududuves SO, iaun
mﬂmiLmlwﬁl,%yaLW%@W@a%aﬁﬁﬁmzﬁuqﬂ iy Bhsfuen
wazduiu Ineazageduluamgnamngsy waglsman
Iiin [6] denAdesiunan1TIev0s AISNYE ASNDITY [14]
Fanun Faus PM,,, NO,, CO, Os, waz SO, Wunuudiass
ﬁiﬁmmLLaJuEquaqmiumiwmﬂiaj PM, s Lagnan1sanel

w84 Zhai et al. [15] Afanuin A1 SO, CO way NO, faay
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o

FUNUSAUAT PM, 5 wonanil nan15Ane1ves Lachatre et
al. [16] fswudnin A1 PM, s Sinnuduiiusiuan SO,, NO,

uaz NH, dnee

5)

¢

LUUAADINIINEINTA

o

Uka

i fiusvansnmwenuusians
NTNYINTAIAA Receiver Operating Characteristic Curve
(ROC Curve) wazaniiufildidulds u3o Area Under the
Curve (AUQ) 9gjfl 0.9757 ¥ 0.98 Tailreglusziugauans
11 wuudaesEnnsanensallaraud 1l g UAA1AIY

o

$umg (Specificity) laifivinfiaas

mnilgedayaduusdaszvasiedamesiaeenlad (SO,
fagnudaoniulutunounisveuazein (cleaning) T
mmmﬁmm%’ay)aﬁ waduuudiaesnsnensal Aagii
Tinnswensaiiiussansnmilgaty uasiimnuusiugudi

1NN

6) VDLAUDLUY

Jaminisideuuudnaeanmsnennsalil wudn deyayn

[

Y1 dusuIULIN Feivetaususld Junaunisiiu

' =

YOUARI &) AITH

Y

AATuEaU linnuau viegamie ez

v @ v v Y
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