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Abstract

This research aims to identify the causes of waste in the plastic bottle
cap production process and reduce the waste ratio by applying the DMAIC
principle along with quality control tools such as Pareto charts and fishbone
diagrams. These tools are used to systematically analyze these problems,
identify their root causes, and determine clear solutions. The analysis finds
that the main causes of waste during setup after machine maintenance are:
(1) Machinery: lack of proper maintenance, resulting in frequent breakdowns.
and (2) Procedures: absence of standardized work instructions and insufficient
in-process quality checks by employees. To address these issues, corrective
measures are proposed, including the implementation of a pre-operation
readiness checklist and the development of a preventive maintenance plan.
The results show a significant reduction in waste caused by setup after
machine maintenance. The combined defective output from Machines A and
B decreases from 13,366 kilograms (5.16% of total production) to 1.8%,
representing a 3.36% reduction. This study demonstrates that the DMAIC
principle can serve as a model for addressing waste issues in other plastic
manufacturing processes within the company. It helps to further reduce waste

and lower production costs for the company.

Keywords: Waste reduction, 7 quality control tools, DMAIC Principle, plastic

injection
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5.16 Waskdun SuAumninasuiilssnufug

INNTAUNILITIUNTTH WU ‘ma‘”ﬂmm"']uiﬁ’mﬁuqmammsgm,j”lm
Uizqﬂﬁﬁ,ﬂ?tﬁaLLfﬁGznsz,mmiLﬁmsuaaLﬁsmﬂﬂizmummammiiqmmmmﬂmq
LALTUINYBNDLUNTNATY LU TaAnT uazessans (2551) lgﬂszqﬂﬁﬁwé’ﬂmi
PENLUULATIATIZNNITNAADS ’Lumsﬁﬂmaw%wamaqﬂﬁw{w6‘] fifinanonisiin
daiidluvaeuazarefiintuuuindadamlunssuaunmsnaawatain Widunld

W 0EINITNAN TTUIUNAAAUN LUK UV DAINUANITATIAFOUT LA AT Ula
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NANNTITIANLNS0ANTIIUNER SN TN LT R MU NSRS IadeUUsTINinAE
lunaeuaranefiintuuuinansunadla 80 Wesidun Asans way sdums (2559)
1nvinn1sanvead891nnszuIuni1sHanlansenvoius ¥nnsalAngl aren1s
Uszgnalandnn1sDMAIC nandanisusuUsmunannsnansefumaiinveadeas
48.5% nowieu aAv1 (2560) TavnisAnwinisansiuiuvesdslunssuiunis
maawaamsmémqﬂmaﬂ%’uéqé’mzymmaLLaa Imamﬁﬂszqﬂﬁ%ﬂné’ﬂmi DMAIC

4
AN

NANTITENUINTEUIUMITTAAAINTDeg lun UM AT a1 TARLAR

argadsla 952,595 v1n Tursszezinanionun 3 ey uenanidamuaniy
IR (2562) 0450 wagAny (2567) Chenet al. (2023) uag Mittal et al. (2023) la
Uszgnalandnns DMAIC Taufundnmanuimnssugnannnisaun wu edesile
AN (7QC Tools) tfuau lun1sufuugsnssuiunisndauazanvondely

PAFINNITNAN

£
v = A

dlolafimanumuissunssufiieaves AnizyITedsiunfAnfiazimade
DMAIC snusgnalatumsunledyymdsnan iesanmdnnts DMAIC anansaunty
Jaymnan na3e wazfinsmidunsitludurey wanzdmsulssuaunnatsuas
ywagen annsnhluuszgnalala Tnedtagussas Ao (1) Wefnwwnanunnis
\Anveudsainnszuiuniswandiviananadnuay (2) 1ileandaaiuveadely

ASZUIUNTISHARHIVIANAEFN

2. /15U
AREK IR B NITUTMIAMNIMNAIENENNT DMAIC andszenalylu

Y

nsanmsiiaveddelunszuiunisnandvianaain Felsznaunledunaunan
U dﬂl
ail
2.1 nmsimuaaninwdeyu (Define)
Azl IfnyveyalUsinuresuIunnsdifiny Gamunludagiu
nandumUszinniivianatadin SUsanisiiavendeainnssuiunisnandu
WL kagiuafiinaruanveudeinieusenimualy awnsauanveyaln

Y =
MIR19199 1



NsaFIenssumansuazinaluladonannssuuiuauia, 97 6 atuil 1 wew w.a. -G8, 2568 | 7

M15199 1 Yayan1sHANRIANAIERN U ILABUINTIAY - LBUFINAY

FERGI
e Ingau (Mn) Ianasgm (n) | aildunasgu (n) wWesudveade
a.a. 34,354 32,6735 1,680.5 4.89
N, 6,365 5874.7 490.3 77
i, 30,844 28,924.8 19192 6.22
1.8, 39,180 36,460 2,720 6.94
wW.A. 34,144 32,3244 1,819.6 532
. 38,525 36,694.9 1,830.1 475
n.a. 35901 34,349.5 806.6 224
a.a. 39,278 379352 2099.7 534
Ee:Y 258,591 245,237 13,366 5.16

INAITUA 1 WU MUBIWABUNNTIAY - LABUFIMIAL TN1SHEARE7A
WaEANIIN 258,591 Alansy Wendneanuikallauinsgiu 59 245,237 Alansy
wazlulaninsgiu 13,366 Alansu Andu 5.16 WesidurvesU3ununsuaniaue

v

Fafuanunsgiuillssnufmualifio veadensdaniu 2 % nduaneyiteds
lpfifunsAnuinszuaumanandhmnnatain Ussnaume 5 dunaundn fe (1)
3UINATINUNUNIHERHIIINIING LazILIn (2) Lﬁgwajﬂszmumimﬁmmmm
waadn (3) nsesiadauAmnIN (4) miusﬁ;?{ué’] uag (5) MadnifuAuangs
2.2 msiauiaiuaamnuazsIusuteya (Measure)
Mnveyanandumiilulauinsgiu aunsouansdnauveadndundlule
wasgIufnIed 2 wazdlevinisanausuginuslawanmaUieudisulssnn

a =) ytv =
nMsiinveLdranunsanandlananIng 2
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a o ' a a v ¥ A a ! A a
f19719N 2 ﬁ(ﬂﬁ'ﬂu&]’]ﬁm@Wﬁ?ﬁﬁﬂﬂlﬂl@ﬂ?@iﬁqu NaRlUTIADUNNTIAN — FINIAY

Snunzvawhunilaildnasgu dwu (hn) daduvestdoym
Iyarqae 2165 16.2
ATUTsh 765 5.7
wanamniduneu 1,654 124
At 1,987 149
yesdeTiinnnsdarEoms e 2,757 206
YeBeTIRnIINMSRUARD sl U 1,967 14.7
Taanusn 824 6.17
\Juses 1,247 9.33

et 13,366 100%

101399 2 waznmdl 1 asiulanlunsuEsdhvananaiin inveade
Uszinyaeadefiiinainnisidanas eadasey (Set Up) mﬂﬁqmﬁmm 2,757
Alansu Anudu 20.6% \esnsnavesdeiiistuiisuinnidefieuiuauu
alyaneidelnglumauagamnmresduan wanundauailudauninede
oonlulnfugnaioIazasmanssnuvatsa L lnBlanignansEnumeaLsIRaLaY
aruduiitusrosgnafuuisn s ideidimusudufiasiinitefieaum
wassnladydinan uasfieannisfevendeiiAatulunssuiunimanad
VIANAGFAN

doaneyitelahnmafununuveyasuiusduersseznanmadsues
1309903 A uaz B fludniundnihuinnatain aunsauansoyalafinsnd 3
devinisfiansunvoyadinarenu awnuILAIesdng A ua B iinnstazaes
sgmnsHAauesats amavhlmAsvendslsuanannisdaedemanisgou

IBMDINAULIALIUNITLALLATBIINT MUDNATI
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Pareto Chart of duiaiilu'léuinsigiu

14000-

12000
80
10000 -

8000 - 60

Percent

6000

20

a ~ ~ a a
AN 2 LEUNNN WS IAREAINSUSEUBUUSELANASRAYR L EY

AN57199 3 INUIUASINNTTAVDIVBLATDIINT A WALLAIBIINT B TuyamouunsIAy

- damey
o s . 30993 A \W3999N3 B
annun wau . - ~ . - ~
UMW (@Y | e @m) | A @) | e W)

1. uNIIAN 4 620 6 1,600
2 | numitus a 985 a 1,480
3. LA 5 197 9 1,675
a. U 11 975 15 4,310
5. WE NP 5 310 12 3,060
6. Tqueu 6 712 15 4,445
7. AINNIAN 11 1,904 3 860

8. RGN 8 527 5 2,025

374 54 6,230 69 19,455
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2.3 nmsnszilgniuazaine (Analyze)

msnsenanmnesdymdanan auggidelaBunuainnissEaanes
swfufunnaiuiiisvestuau loun savmriendn dhemuauauam theves
th3esne wegniinau Mnduidenluwudinisatlumsiinsgimannves
Ty I@EJL?N&Tu?mswﬁmﬂﬂ’ﬁ]ﬁ“famiwﬁmﬁﬁwﬁﬁg A AM1E (Man, Machine,
Method, Material and Environment) LLG{LﬁaVTWmﬁLﬂsf]zﬁmLwruaqﬁfgmug’;
WU AUMANENLN91N 2 U938 Ae 1A3099n3 (Machine) wazisnns (Method)

aunsawanalafenIng 3 wazaslanvguaadymlenmisid 4

.
\ATRI4Ng
:mmmiﬂﬁ_kﬁnm

oo aie
LAZBINNIagUoY

/ u3dnuIan s PM

T R VI A ¥
LASDIINIADIANNZUAGY

fifanseadindauazats

wio 2 duaniadausilait - da
P ° voudeUsvimideiiinon

P VI
v o« = oy naUnATaavaIteau (Set Up)
ssuuduszuuds Liawnse

P~ - L) A, . ictic 1
ATUALGUNYI IWnafinaeaanld / UM Work Instructior
—

winnulidanuam

‘:-"‘. — -
qamginn sswhadunaien
“ 2l
laipadt

as
18N8

A# 3 uRudanelan wansamansinvedsUssinnvetdsiiinainniside

LAS 99N IO
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A1319% 4 amnveadymveddsinainnisidanIeamainisees (Set Up)

gmaman dvingae duvingag o
1. 1AT999N5@uUBY 1. vamsingesnm
WASBINT | 2. LATB9ININDIANINELNTISIRG 2. USENUIANISYIN PM

N509 WinLRaUaASI %3D 2

FUarase waludinseiiung

1. wilnonulndanunim sewng 1. 4@ Work Instruction
®/NS WAULATDN 2. szuuiduszuuda luanunse
2. gaumgiluned muAuganilnainaeaiale

v A

NANST 4 %wudﬂmms}ﬁﬁﬂmgmaiﬁtﬁmﬁumL?wﬂizmmmﬂmm’%"aq
wdnsgeu (Set Up) Ae (1) 1a3eadns iiansidsussiilosanuianisingedne
A3 099n3 wazus eyt PM Tufinnsddunisatsmsunsedeianses (2)
B3 wihanuludanunmseviaiueies Fausinunnisi Work Instruction
wargangithlunsiidesanszuuiidussuudaviluluansamuauenmadln
asiilanaeniaan
2.4 m3Uiuu§eu (Improve)
ﬁé’qmﬂﬁﬂmLLazfjmiflzﬁﬂﬁgmﬁ?uwuiﬂmmwﬁﬂﬁﬁﬂﬁlﬁmaqLﬁamﬂ
nsdamsaandaniseey (Set Up) Ao 1a309dns wag 1513 dlevhinisfiansan
wsosdnsilalunszuiunisndniiviananain annsauanstadsning 4 asnula
Mawlszneundnlueiosdnsuannviananaintu uuseenlady 4 audfey
fie (1) anvesiudinsyuulnni (2) aruvessyuuresiadn (3) @ruvessne uay

(4) @NYNIUAWAL



12 | MsanFiennssumansuazmaluladanamnssuuuaun, 39 6 aldud 1 Weu ue. - e, 2568

"
=
y 4
y
/u

d' d‘ U a a
AN 4 LATRIINTHARNIVIANANERN

(%
LYY

sttunneyITeTaauonuamesnsunly fafl (1) iauslmneiavuunun
nsndndnnsdaruuulssfiuanamsouneunindwhaunnass ieidunis
prradand osdnsuazaiun1eq neuiunswdndua (2) lauenisdnriinig
ﬂwqq%’ﬂwﬁL%anqﬁ’u (Preventive Maintenance: PM) tiaaaindayminisgeniige
vosuidnludagtudluladnsnusunsdanisssuunisseutige Weiladam
funsosdnsiilandniaziinisuasgonld L‘ﬁ’e)LLf;liTiqu,Vi’ﬂﬁ;ilLﬂ%I@\‘i{]Jﬂiﬁﬂm’]iﬂﬁ’]mulﬂ
loneu dviu Fedinisthueyaaininendauasenseouiigaasanaunumsnsdai
LLNusﬁauﬂflqﬂﬁﬁ’uLﬂ%iaﬁﬂimammmmwmaaﬂ
2.5 M19AIVANNTZTUIUNTT (Control)

Tusumeuiiidunisfinnu naaeu uastssdiunasu lnsnsFeuiiie

naneuLAYVdIMTUTUYTe ﬁgﬁmmmz;ﬁﬁ'ﬁ’alﬁuﬁf]miﬁﬂmmmiﬂgjﬁ’ﬁmu uay

ruaulndululufiamsiinivun Aeafidaaiuauvesdaluiu 2%

3. NANSIY
3.1 wansandunisuilumauyameiiausuus
311 msdaviuuulssidiuaamson
‘vmﬂmz;;’3ﬁ“]’alﬁmua"i'%ﬂwﬂi;wwﬁ”mﬂwLquﬂmiwﬁmﬁmiﬁmwﬂizLﬁu
Armseunaunsiuiinunnada itensiaidandesdnsuazaiunieg Tunsey

AAUNISISUNARAUANNILAAILUNINA 5
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5

HATIIEADU WV LHUNASHER

< . o 2 ol o
UHUATIATITEDU : uNuAg N5 TURVIMUUUTZEIY e
4y
LATDTAT oo LIAT e W
dauilasaaou Wadanisusadiu HAnsITHDY WA
wu | Taidu

feuTsgalanaann

o v m i B o
1. unIEIUn 1NL'H'ITIJ wigtu
= - 12w e
2. LANRHR f'llﬂ!..liﬂi‘]\! sLalE B UHL
- -
3. naadihulnwaamnpe

= v o -
\'ﬂi-Nl.LI!..Id\IJC’r]'U‘LJ WIBLATIEE

] P -
DR Winwanadin

= e '
1. hifidlawana@inddufaagruae

famalilainanuwanain

11 o el a
1. hitldlnwana@ndaulsuarluds

T
deEnadau

. .
1. analifvEeiiiduesninszuing

v .
vana

WIRIHUAEAZLATITIH

1. hifidawana@ininAnagnialu
dvEedidawlantasuzu
2. druvoahifaunsang

Yo - v
LLIANAERNANATL

T

1. anwanysallgensley

A .
ATRdEaE TR

-
1. AsAAdauTaddl sy
2. Tdor s uvasiuie

Doy hiflsaotstou

A%
wesaatlupeom

1. hifhhregmuluviaszuiemin

2. avrapuitiitdennaadauifing

fang
L

= P ]
1. semnuFrseumulionzaun

1,267 savu/ui

. ' A
AIUAN | VOATEIANT
sl v -
YidAT '!"ETLJLJ AwazUnNTT

-4 -
LATEUY

L. dimsiathesaupsunnday

AN 5 987190 UUTLEUAINUNT DY

3.1.2 M5IAYIUHUNTUTITNY LT UBAU (Preventive Maintenance:
PM) M53aviukugontr13elviuaI esdnsudndivianatadin aswusluinig

ATIVEBUTLUUAN ) VaaAs099ns oonidu 4 @ Aswns1ei 5
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A15°97 5 NSIAYIULNUAIIATIVABUILUUVDLLATOINNT

d7Ur9 9 Y9LAIDIRANAERN

5019

1. ayuvesduaiuszuuluni

1. asaeutiuazanslinig 9 WJuszesgniauuuiiuag
vsely
2. Cover Mvdnmguszuulvimesegluanmilonule

3. ﬁﬁmuﬁammuLmeU@uﬂizﬁ‘h

2. @953 ULaN

HIAANDIALDIALAZ LN

—_

’LwaaqquﬁﬁL‘vm’lxauﬁwmmmmmmwmaaﬂ

YMAIUELDINNINLLATATLNISINIEUAIEaY 1 AST

AL

%’m:nmmaxmmﬂiwaﬂgwaqﬁﬁmﬂﬂ%ﬁ

3. @IUYDITNUN FENIUA A

[Alaklels)

1. pvevingaumiitneamingauuazaiiaue
2. asnyuiidudimglunisashvianatafinlmdunss
naNMaDn

3. anenu ey dulnfasuynaiu

4. @UVUAIIINTULNIIN

Waasn

1. MethszUI8AILTOU mauﬂwauﬂwuﬁlﬁﬁwﬁmnagaaﬂ
Tvvwn lelilwAnady

2. AsYANLEEIAMIBTNELATN108195ETR Latld
957 lugwindeuiiuasdnaisoUosiuady

3. pvrdeunitenyniindafnuuuifinniiasuaiu

91015197 5 Wurwnunisunluadsununisingssnedslesdu ag

TPYININTINABUTZUUANY B09A304303 WuIsTlaidunistingssnuineuiiay

LAY UNNTBIINLATBINARNIANaTaRN tieUasnululuasesdnsidevaeyinay

Fupsesdnsduameddyraniiinanenszuiunisnds Weswinisnisuizesnm

Pluduszuu wIesdnsvianisungane) fnnsdige denanin lvauundu

nawu iluawansenuluszezes wazidudymneilladlunsuiuifau e

nsundgymilaseeiuszd@niaim ey Idedddadariununisuigesnuids

Yoariu (Preventive Maintenance) Iagfinsluununyegoutr3avinn1snsiaasy
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\A3839NT wargUnsuniee AlrlunisufuReu wuaduseunisin PM mn 1 heu
3 \fi9U kaY 6 LfBY AR5 6

A1319% 6 WHUN5UNITeSNwILAeUeeU (Preventive Maintenance)

S9UNT511 PM REREEF

N9 1 1o n) AEAKNTLW (A3Ucore) DBNNYINANNELDIA
) MANUALDIALHINTOIHY

M) YINAMUAZEIAUDNNLN

N9 3 Lo n) Wasu Spring Core

) mam%ml,azﬁdmawm Motor Screw

VN9 6 Lo n) a1 Pump Vacuum uagiduiesuaaasag

) Wagugnduyanszinas Valve

3.1.3 n1saviindleuuRanu (Work Instructions: WI) dusudunaunns

U393NYITUAINUTENUVBAATBITNTUTLIUTIABUAZAZLNTITIN

AneyITeladnvingdeuUReu (Work Instructions: WI) dmsudumnauns

Y
(% '

U395 N8 UAIUUTENBUVRILAT BITNTUTIAUNINNELATAZUN TITINIT UL LiND

ada o a

95U19T18aLLAEAIEALIUNTNTLUINIUYBYBYNALLELA TIATOLAAITUADY
nMsvhANNavenuaINUsEnaulafiniTei 7
A1519% 7 duneunisingeinuiaTesing laensvihanuarenduaiulseneured

LASBIINTUSIUAIANULAL AL BN TITIN

Asaduns awusenau

1. nsdaninsousen wazidalndamas naaanniu

segungdlnla 200-230 ssmgadea (Yueyfuin

@ a
Lananann)
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2. Wegnungillnlaiuaiazlananadinleguiiuiinie

ponu1 ynsdalnl Banes LLa%L"TJﬂ nyoudaalau

3. ¥MA1T0eANRaNLALII URSIaTUdWaT 1dIaIn
JUNPATALIBSINANUTOUIIANY 0aATBATALATIRIDDN

%wumwwmaaﬂlmmqu%nmmaﬂma

4. asunanafnuazasulniuly sesinisgneen
Tupeuiwanafindasousy (mMnifuasysluesn) way
mslsunimenundosyamiiu iolulminses aiu
Uinaesulmmdsnganarainaedly Wenol ¥

Inpan

5. NHAINYIAIUEAL DI IAULSBUTDELAIIINU LN
Walwienasuazaranaraindnase ivaluwanadinly
2 W P ° <
wdady wegaumgiilaiuaidsdala wagvinisaente

AUENINIANY 2 YA 9BNIINAUY

6. NEIINUUNDATALABST LHULDTINDT IUTLABT TR
gaunnil uavnentenlufsynesn lnhaiuazeinyn
naafnwasdans1ulvueen Tuaiuveanwnsesaialn

Mnsmsungdlunatafnazane

7. ¥a9nturiNIsUsENoUMINTUReU IneUsenaun

Faendu aluarunsadutenlnuuulanaadalnds

Wosie MvasNazatgnatainnau 3etusaluln
ailn asedeuAISEUTeY wardariasaundunly

Trvdioudu

3.2 nstnumanasnisuiledguindsainsda nmsunladymilaenisanih
WHUN1TU595N e eUeei U (Preventive Maintenance: PM) A1suan1eingue

nanilatauetiy Inswilufvreyavendslunisndndivianaiadin dauaiiou



NsaFIenssumansuazinaluladonainssuuiuaui, 99 6 atud 1 wiew w.a. - o, 2568 | 17

a = & o ~ v o & =
UNTIAN - FAINIAN FILNUNAKRAINNUNITIANT PM ‘Vlﬂ 9 1 PU 3 LADU LAy 6

=« a o =
LADU LLEANTIHALLRYA ANRITINN 8

A1919% 8 Turuveadslunszuiunsuandvianatadnuasnisunludynn A

LHoU UNTIAN — @AY

oy NARAMI
imgau (nn) | ldanasgau (on) | ldlduiesgiu (nn) | wWesidudvaade

a.a. 28,769.3 28,002.2 767.1 2.66
NN, 7,994 7,639 355 4.44
.0. 27,418 26,996 422 1.53
138, 35,566.5 34,888.4 678.1 1.9
W.A. 32,613.4 32,101 512.4 1.57
. 34,622.8 33,990.6 632.2 1.82
n.A. 32,455 31,967.8 487.2 1.501
§.a. 38,529.3 38,015.7 513.6 1.33
374 238,968.3 233,600.7 4367.6 1.8

N5 8 uansveyaveudelunszuiunisudndviananadin waansunly

Ty fwsipouunsiau - damnan waasbaiualunszuiunsudaiivianaiadin

ey 238,968.3 Alanfu agndneenunlaunsgiu 233,600.7 Alandu uagilale

WINTFIU 4,367.6 Alansu Anduvendesiuviedu 1.8 % dadulunuaifidn

AIUANYBAHEUDILTINY

3.3 Msil3suiigunauaznanisuiulge

neAnizr I ladnsuTeuiisunanisunlvdymilunszuiunudnd1vin

WaaRNanauyiiN1sUTuUTIwaEndwinnsUSulse Adameuunsial - dwnay

= o =
WAMNTIYALLDYARINITINN 9
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M15199 9 FrnuvIenatainiilauinsgu waslulauinsgiu neulazraIns

UFuuse
MU nauinsuiuuse nawimsUIulse
VI ] Wl | veuds %) | ldunasgu il vaude
WanEAn | wasgu | wesgu ATy (%)
Alanw) 245,237 13,366 5.16 233,600.7 4367.6 18

211NAN9197 9 uanswanIsUIBuisunouLasudINsUTUUTINTuALY
Ugymilunszurunsudndimianaiain 1o neunisuiulsswendefiinain
nsgvaumsnanAaidy 5.16% ndwnlavhmaunlauaidu Suuvesdediiaan
nsrUIUNIIHAR WuaRanndeldy 1.8% Feansnansiutuveadsadila
3.36% ﬁﬂﬁﬁmmﬁumLﬁaﬁLﬁ@%ﬂuﬂizmumsmémﬂﬂﬂmmﬁwﬁﬁ’mmuamaq
\deuauTem
4. d3UNAN13IY

sideil mmmwﬁ{falmyﬁﬂmmmLmyuaqﬂ’amfmfmﬁmaqLﬁamﬂ
navvIunanAaTiAuAidafinisussuiuualy Tnefnisuszgnalvwdnnig
DMAIC 5937 13asilenainin (7QC Tools) mwaslunsmanivnvesdym uas
muumsnsunledyfiiatu nannmsinm wuan Snsfnveadsainnis
Jaaseamdaniseeu (Set Up) innidududuusn S?fqﬁmmﬁﬁmfﬁummﬂmmﬁ
Jadendn fie (1) 1A30sdng Rnnsidevseiilesainuianisthsssnuuedesinsuay
USEMUIAN5Y PM wag (2) 3315 minaulumsavaeunaninszmnaiiueied
11AN13%11 Work Instruction fadumsnnenisedslaauauuimanisunladam
Tnsdnrhuuulszidiuaumseunaun1sviney WaEIAUKNUNITUITITN YT
Jasiu (Preventive Maintenance) IniutveyaanuanUisuiieuionounay

naaNsUTUUT
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agunalannnisanfiunisusulsunladymanansaandunaveadeiiia

€

(%
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Abstract

Currently, there is a lot of environmental pollution, including the air
that causes problems in the production of dried food, resulting in more
impurities, such as unclean air, PM2.5 dust, polluted air from various factories,
exhaust fumes, and unseasonal rain. The resulting problems cause physical
and mental health problems for both the person and the person who eats it.
Therefore, researchers are interested in solving this problem by studying the
creation of a banana dryer using renewable energy. The heat from the light
bulbs from solar energy that generates electricity from solar panels and the
heat from light bulbs that use electricity in general households can safely dry
food by using bananas as dried food. Because bananas are a fruit that many
households grow and are easy to find, they can be processed to store for a
longer period of time or can be sold to generate income for the family.

The test results showed that drying bananas with a 12V 120W solar
panel alone would take more than 4 hours. The moisture inside the bananas
was still there, so when eating, they would still be moist. The measured
humidity temperature was around 73%. For using a 100-watt and 60-watt
lisht bulb, the drying time was 3 hours. The result was that with a 60-watt
lisht bulb, some moisture remained inside the bananas, so when eating, they
would not feel dry or too tough. The measured humidity temperature was

around 66%.

Keywords: Banana dryer / Solar panel / Light bulb
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Abstract

This research aims to design and develop a marigold flower size sorting
machine to enhance efficiency in size classification and reduce sorting errors.
The marigold flower size sorting machine is designed with overall dimensions of
approximately 1,211 x 2,450 x 1,546 mm (Width x Length x Height) and consists
of several key components, including the machine frame, vibrating tray unit,
conveying and sorting unit, direction adjustment unit, receiving unit, and control
unit. The performance test results of the marigold flower size sorting machine
showed that it can classify marigold flowers into three different sizes. The sorting
rate is 100 flowers within 3 minutes, with a sorting error not exceeding 15%.
Additionally, the machine can accurately count the number of marigold flowers,
with an overcounting error within 15% of the total counted flowers. These

results align with the research objectives.

Keywords: Sorting Machine, Marigold Flower Size, Design and Creating,
Efficiency
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3.2.6 NSUWAPIANNEUZYBIATOIARLENTIUIAABNATITEY

AzyITElafaIsLaziTMuAnsoUAManYMsTIIdUaIUNENTDLATRIAR
LENVUINABNATNT Y LitelydIMTUNITEBNUUULATITMUILAT BIAALENTUIANBN

a3es lagagulilunnsian 4 Mnadeanesdiuarddlanisesdl dwmelull
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msSeuiisuauIndulunisvialasesu AUINIU

4. AsEUIUMSINu - lyneweslunstuiadeu
AUNIULATYAD ALY v

ABNATILIDY

- LasFoudy g alleuu

FIUIUATU

5. ANSLARBULNY - @UNSOLARRUYNYUBN

anuile

6. 'EU'iI’N‘UE’NLﬂ%‘IEN - JaunAany
Axexd Useanad 1,211 x v
2,450 x 1,546
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3.3 nsAuINmvEInvesagnltlunisainunIasfauenIuINNENA1LTas
1398 lANTLALANUAYBUIAE T UNSATLIMVUIAYRTan T LNy a

gunInuazuaIun1e q Nazihlulelunisasuniesnuenuuinnena1ises Al

3.3.1 MIAMUIUMVUIANAIVBIYAFNEES

NSATUIMNTUIALWAN U YRR LA 1D 11U

Aruaumiruiayiaduaanaiduios (aanandaeu 240 RPM)

LP=LR

DINFNT MP=
s rMR

v

FAruanwnluuudile (T) veoauowmad

P = 60
T2 = n

v

aumlsnaudde (T) Anssvidumandndsy

PANGET T

INEAT Ty = F motor X (ry X 12)

v

ATUIUIWILTS (F) Ainssvinsauman

FINEGAT Ty = F rotor X My

v

AruILE (Fy) finszyindumandndss

Ty
ngms F,= — x SF.
1 T,

v

AU IRTIVNs= VT lunwama

angms F +; 3B = O

v

AruraAlddudsugssaannssiafiucnan

Ip
INFAT T, —_

allonw = B

v

ATulWITUIALWAaNALgIu

a’= % (R (Y)Y o |=
d

AT 4 NISATINIVLIANAIVBIYAT T
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(1) ANANITUIANREVBUNAANRES

LPxLR
MP = . (1)
Tef  MP = UIRALHLALINAWIAEYIIRIADS
MR = ﬂ']'uJL%’]i@USU@Qg]IUﬁ']éJ\‘]

1LH05 (LBLMBSNYSNA1:10)

LP = summgusimgméﬂmmjl,asj

Ypalnan (WaNURIENYNIUALEEN)
Chy = fuszneuauameLiiosainnsde
LR = Aasiseuvedlvian

(2) A luuuatn (T) Y99UaLNDT

P x 60
T="""" 2)
2TU x n
e T = luuninuedusines
= NANYBINBLNBS (T9R)
n = AMU5I5UVRINBNDS (SAU/UN)

(3) AUIUNILSE (F) Ninseyinnainal

Tl = I:mo‘(or XTI (3)

lag? T, luundnveslowmas (HIFuwns)

s
o w

Frotor = NIANUDIUDLNDT

r SrilvesaguUNANLaINBST (11AT)
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(@) AIluua e (T) AnSEyAUmaIa 1889

T2 = l:motor X (rl - r2) (4)

Tneil T, = Tuwundnveswewmeos (Haduwns)
Froe, = MI&wesewmes
r,oo= %’ﬁﬁsuawjt,aéuummmamaé(mm)
r, = %’ﬂﬁsuawjl,asjuul,wmﬁ%ﬁm (un)

(5) AWMLY (F,) AnsgyAuwataiaes

T,
Fi= — xSF (5)
2
Fi = ussnsgyinmawmnan (a6w)
r, = Selvesaguumalates (wns)
SF. = amnuvasany = 3

(6) AWMLY (F,) NInszyAuwaIaLaes

F,=mxgxS.F. (6)
el F, = useinszvhmewman ()
m = W@ @mihvesnaues + dminyes) (Ko
¢ = AL
= 9.81 m/s?
SF. = aanuvaeady = 3

(7) AuAUALRUgEATINTEYIAUWAT

p
T allow = T (7)

Wehl T o = AUALERDUE (N/mm?)
T = Tuwusdannseyinnawmal (Nm)

[

p = SAlhuengavewnal (m)

J = TUAANURBELTIIIVINUN
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(8) ANUIUMNIVUIAWA N LY

e JECTP + M @)
T, t m
el d = Sedwan (mm)
T, = emeweudeulsay
= 4.563 N/mm?
Ct = shusznoumnuanaInnsin ; wssadanefinTuYg = 1.0
Cm - §aUsEneUmNLEIaINMIIAR ; LL’iﬂﬁﬁ’lLﬂN@L‘ﬁM%ﬁ%’l‘] =15
T = menuAudeu = 9.54 Nm
Mo = Tuguese

3.3.2 ANSANUIUMNIVUIANIAILBLADSTN LY

(1) AUIUNILIININTEY IR DINAN

SF=mxg 9)
g F, = usiinseyieaiwal (Hasu)
m = w4 Wwdnveantuies + dmdnwae) (Ke)
¢ = AAnussluung

= 9.81 m/s?

(2) AIUIULSITANNTEVNRDLNAT
T=Fxr (10)

e T THUn UAYBINDLMBT (RIFLURT)

[

ANAIVDIUDLHI DT

SmilvasmiaguLNaNaInes (N9

ﬂ
1l
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fmauiusdinTidama -

AU inaEiwauman

1NgiT IF=mug
Y

!

ARSI DATIninUmaN

TINGHT T=Far

}

fIBsIEITaUTIMAN

TNGHT V= Ty

!

fmumindauawaslii

VINGRT P=Fxv

!

fAuansnAMuSTTuawa N iueRoula

n
"7 Gear ratio

AN 5 NNSANUIIINYUIANAINDLAD TN FUITU

(3) AU Sasaufmwan

V = TIxDxn (11)
Iﬂ&]'ﬁl V = ﬂ'J']iJL%'J'iE]USUENLWEﬂ (Lmim‘amﬁ)
D = vweenulavesyias (was)
n = ﬂ?qﬂJLéﬁiaUsﬂaﬂﬂJaL@ag ('iE]'UGIIE]UWﬁ)
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(4) AIUIUMAIUDLADS bilH

P=FxV (12)
Wedi P = mdwewswmes (Watt)
F = b33 (N)
Vo= anudweswenes (m/s)

(5) AU INNBmBsEINsaTuLRdaUle

n
V= (13)
. Gear ratio
= <
el V= eusveswsiaes (m/s)
n = AN5ITeU (rpm)

Gear ratio = 85 MALNYS 1:10

(6) ANUIUTUIMINNLBLADTAILNSATULAG DU
JF =mxgxSF. (14)

el F = uwsa(N)
m = wa Ghwdnvesnies + ‘13”1‘viﬁlﬂ‘14\l;Lan) (Kg)
¢ = eevwiluuans = 9.81 m/s?
SF = Safety factor = 1.3

(7) AMUIMNDIENTIYIULUSS

L10° s
Lign=— xL 15
10h 6On 10

e Ly = 0718n5lwaususs (5319)

n = Au$5eUvLY (150 RPM)
L = 929A21UN7199990US

Ly = 'mqms’tmmuuzﬁwmqﬂﬁummmmgm ISO 281
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(8) FMuIMmIA K 109aU3e (Spring’s constant)

SF=mxgxSF. (16)

Wedl F = uss(N)
m = wa mdheenaniZes + vivthaawen + tivdnuewnesiuen)
¢ = mevwiluuens = 9.81 m/s
SF = Safety factor = 2
NGNS F=k.x (17)
el F = uss(N)
k = aAeiYesauss (spring’s constant)
X - pueTeEUSITiAsulY (uas)

3.4 NMSUTAUANTTOUSUUUNIGLEDN

nsUTElUALTIOUS LUV ENLazdna R UL AgesladudAgyd1rsu
FONAUITADUNILADIVIOOAWUY CAD/CAM (Prasad K. and Chakraborty S.) 1l ®
ALMIALUNTUSUUT TnglanizegeBemiuuduswasunasuaiy Jalunuided
lalyn153As e MAAINTINNonTI9d0UTA0 B UYRILATIATINAT IAALENTLINADN
d 9 - = a ! o 1Y) & A
ATIL3BY FAEAATIUAING 6 FINNANTUTEEUNUIT LATBIAALENTUIANDNATIIS DT
v X = < = ' Ly = [ ' ¥ !
2ONLUUKALITAILITULNTANNLTILT LB INERBN15TULTINNTEYIRalATaTe Tnely
ilnguaulavesaseuinnudssdle
Y Y oA Y -
- anwaglassassnvasnieunyian
L ¥ dl L2
B shwaslassassiivasnsdonnn
anvaglassasanvasnizuiunand
Y Y A o ¥4
B Srunslasiansiivasndouseiian

gATNTMIVUILUTINTIRAATIN (Yield Strength)

B
g, = (18)
oo Oy WNEL5IATIARTIA (ksc)

w3aRaiaRnIn (kg)
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' (%
=

A = WuUNBUISRNEUNISNAEEU (cm?)

AN 6 HANITIATIENAT Maximum Elastic Strain 1A59§1ULATOIYAT 1AL
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= A o Y] ¥ ~ "o !
- ABNANLS B9 UINAALEN Aol vuInAIulananlu AN 40
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4.13 fupaumsvadey
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a o &
AINN 8 ATAAYNATILIDY

4.1.4 AsNAddU
& a = = 4 ' ! =
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S a a =~ A ' ) Ay ! )
NINAABUASIT 3 U iNUA® AONATILTDINALAIINAALENTUIAT LUATIAY
YUINAT LHBIINAWNGTNABNATIT N LNABONIINDIALYE 1AV UAE NG LE
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nInageunsi 4 Jymiinude deenanisesuninenluluaasainainiven
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INWFAATUATINIDBNVRIUINAINTDISY 813LANIINANMRUINVINIRDNTUTANET?
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pandebURnNUATINIIDBN
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ASNAABUASIN 5 NISNAFBUUIZANTAN  N1ANULSE@eNIUaLEL9 100 SBUAD
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Y7 LSIAUNDLADT 50% LAEARALENADNANISDINFANIUEY AazlunNauA1UIU
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4.1.5 NANISVAADU @NUNSOLAAINANISNAFBULARIAISI9A 5 DInN5197 7

A15199 5 NaN1SNAADUUSLANTNINVBILAIBIANLENABNATILI B

Naﬂ'ﬁVlﬂﬁaU"qﬂﬂ']ﬂL"UEj']
nsedey | wafild

asedi (Wd) B laisinu

1 1.08 4

2 1.25 v

3 1.10 v

q 1.05 v

5 1.20 v
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7 1.22 v
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9 1.19 v

10 1.23 v
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M13199 6 HANTNAAOUUTLANTANYAAALLNTUINABNATITDS

Nﬁﬂﬂi%ﬂaaUﬂgﬂﬁﬂLLﬂﬂ‘Uuﬂﬂ

Furuvesnen Fanainlalifiuiosas 15)
v 4 #1n31 50 L. 50-70 wl. UNNI 70 .
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10 115 10 v 110 q v 106 2 v
59 1,124 67 1,088 42 1,030 22

* e - vausulaviely
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Abstract

This study aimed to 1) develop 2) evaluate and 3) examine the
satisfaction of users of the Area-Based Internship Recommendation System of
Applied Data Mining. The system was designed and developed to respond to
the comprehensive performances. It was suitable for the abilities of everyone
to search for establishments close to the accommodation. provide maps of the
company's location and navigate to those locations. Establishments can
advertise for interns that meet their needs. The developed system looks like a
website, can be accessed through various browsers such as Google Chrome,
Mozilla Firefox, and can be displayed on Pcs, smartphones, or tablets. It also
had a map to show where individual companies and could navigate the interns
to those places. Moreover, it could also advertise the recruitment of internship
students in accordance with their requirements through the system. The system
was developed a website-based on the Internet. It could be accessed through

different browsers, such as Google Chrome and Mozilla Firefox. Its performance
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was displayed on PCs, smartphones and tables. The development approach
based on the System Development Life Cycle (SDLC), and Apache was chosen
as the server emulator for website. PHP was used for programming. MySQL was

used for database management. The quality of the developed system was

evaluated by 5 computer system experts. The result of evaluation was high (x

= 4.16, S.D. = 0.62). The satisfaction of the system was evaluated by 30

respondents of the sample group. The result of assessment was high (x = 4.21,

S.D. = 0.64).

Keywords: Company Recommendation System, Internship, Area-based, Data

Mining
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1. Introduction

Over the past years the economic development of Thailand has relied more
heavily on the enhancement of effectiveness deriving from the labor and natural
resource advantages as well as the importation of ready-to-use technologies
rather than on the knowledge accumulation. To develop homegrown
technologies, the development has to focus on the reinforcement of science
and technologies and the increase of abilities to use applied science,
technologies and innovations. It would elevate the competitiveness of the
manufacturing and service sectors, including people’s quality of live (Kanyarat,
Chanita, Pornthip and Rattana, 2020). Route Community Tourist Attraction
Recommendation System in Ang Thong Province [Online]. 2(1), 1-13.). Also, it
could encourage the comprehensive development of innovations and
technologies in all aspects — which in turn would lead to an increase in the
nation’s economic competitiveness, an improvement of people’s quality of life,
the narrower social gaps, the creation of knowledge and skills which are suitable
for all groups of people and the improvement of work performance. Throughout
the fiscal year 2021, Digital Economy Promotion Agency or DEPA promoted and
supported the general public to have an understanding, basic skills, safe and
effective use of digital technologies and information literacy (Chanchai, 2020).

The New Normal caused by the situation of the COVID-19 pandemic has
made a number of people change their behaviors together across the world.
Instead of being able to go out to workplaces or schools, all types of activities
have to be done at home. The business and service sectors also have to change
their business operations to keep pace with the current situation, by adjusting
themselves to the New Normal to avoid virus contraction, and at same time to
revive their economic potentials. This has led to the creation of new innovations
and technologies, the adjustment of ideas, perspectives, management

approaches, including behaviors in relation to food, clothes, hygiene, education,
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communications, and business operations — which were routines previously —
to become the New Normal behaviors to which people have gradually become
used to and have eventually integrated with their normal way of life
(Duangkamol and Rattana, 2021).

For data mining, in the past data was kept in a simple storage system.
However, the storage system has been changed to the system of which data is
kept in databases. At present, an analysis which relies on a single database can
no longer provide sufficient and deep knowledge for the operations in the world
in which competitions are rigorous and everything changes rapidly. Therefore, it
is necessary to combine various databases together which is called Data
Warehouse. It is the method that data from different sources are kept in a
common format and in the same storage space (Jeerawut Varin, 2021).

Given the principles and the reasons mentioned above, it is necessary to
develop the Area-Based Internship Recommendation System by using data
mining to assists the decision- making. Also, the system would allow the
companies to recruit internship students in accordance with what they require by
putting advertisements on the system. In addition, the students would be able
to search the places near to their preferable accommodations and to be offered

the internship which suit their aptitudes.

2. Purpose
2.1 To develop the Area-Based Internship Recommendation System by
applying data mining technique
2.2 To access the quality of the Area-Based Internship Recommendation
System of Applied Data Mining
2.3 To examine the satisfactory of the users of Area-Based Internship

ecommendation System of Applied Data Mining
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3. Research methods
Scope of the Study
3.1 Population and Sample groups

The population of this study was the companies with which the students
of Department of Information Technology and  Communications,
Bansomdejchaopraya Rajabhat University, had intermnships. The sample group of
this study was comprised of the users of the Area- Based Internship
Recommendation System of Applied Data Mining in Bangkok Metropolitan
Region (BMR). The 30 respondents were selected by means of the purposive
sampling.

3.2 Scope of the developed system

Area- Based Internship Recommendation System of Applied Data
Mining defined the access rights and the user rights as follows:

3.2.1 The system was designed to be website-based on the Internet, and
could be run on PCs with different browsers, namely Internet Explorer, Google
Chrome, and Mozilla Firefox and also on smartphones or tablets.

3.2.2 The usage rights were 1) the system administrator 2) the
internship companies and 3) the internship students.

3.2.3 The operation was divided into 3 sub-systems as follows:

A) The membership management system

B) The internship company management system

C) The advertisement of internship recruitment system.
3.3 Variables of the study

3. 3. 1 The independent variable was the Area- Based Internship
Recommendation System of Applied Data Mining

3.3.2 The dependent variable were the quality of the system and the
satisfaction of the users of the Area-Based Intemship Recommendation System of

Applied Data Mining.
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Conceptual Framework

Inputs

- Data on the

requirements of the

users

- Data from
documentary
research and
relevant research
- Data on
satisfaction
assessment of the
system

- Data on the
evaluation of the
satisfaction of the

users

Research Processes

- Collecting data on the
requirements of the users
- Examining documents
and research on the
system development

- Analyzing data and

designing the system |j‘>

- Developing the system
- Testing the system

- Conducting an
experiment and
collecting data on the
quality of the system
and satisfaction of the
users

- Analyzing the data and

making a conclusion

Outputs

- Area-Based Internship
Recommendation System
of Applied Data Mining
which was comprised of
1) The membership
management system

2) The internship
company management
system

3) The advertisement of
internship recruitment
system

- Results of the system
quality assessment

- Results of the users’

satisfaction evaluation

4. Research Methodology

4.1 The collection of data on the requirements of the users was done by

interviews with the internship companies and with individuals who wanted to

use the system to understand the problems, the requirements, and relevant

processes. The data collected from the

interviews was used for the

implementation and the decision- making relating to the system development.

The operation was divided into 3 aspects as follows:
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4.1.1 The system administrator could add, delete, edit and search all data
about the members, the internship companies and the internship students.

4.1.2 The intership companies could add, delete, edit and search the data
about their own companies and the internship recruitment advertisement.

4.1.3 The intemship students could add, delete, edit and search the data
about themselves and search the internship companies and apply for the
internship.

4.2 Study and Research

4.2.1 Data Mining is the process of finding relationships, new patterns
and trends by using large amounts of data stored in a data warehouse. Then
the mathematical and statistical methods are used to analyze the data. It is
widely used in various information systems to increase the efficiency of
searching and analyzing data. Data mining technology is used even in supporting
systems of decision-making (Phummarin, Kunanya, Piyanan and Prapas, 2021).

4.2.2 Database management systems are software or programs which
perform a function of managing databases. They facilitate the users of databases
by, for example, creating a database, creating a database storage table and
managing databases. The programs come with facilitating tools. The database
management programs act as an intermediary between the users of databases
and the developed applications to manage data in the databases (Kacha, 2011).

4.2.3 MySQL Database is a Relational Database Management System
(RDBMS) program which has been developed by MYSQL AB. It uses SQL as its
communication language to be compatible with various operation systems in
order to manage data of different systems according to the purposes of program
development, for example, PHP and Python. They are suitable for small and
large systems (Madyatmadja and Adora, 2019).

4.2.4 System Development Life Cycle (SDLC) has 6 steps as follows: Step
1 problem spedification, Step 2 system analysis, Step 3 system design, Step 4
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system development, Step 5 system installation and step 6 system
maintenance (Ministry of Digital Economy and Society, 2021).
4.3 Making Research Tools

4.3.1 The nature of the job system data and information including the
requirements of the relevant users were analyzed. All of them would be used
in the system tests to collect data and summarize the results obtained from
the system tests.

4.3.2 The system analysis: the developers analyzed the systems in the
website by using a Use Case Diagram and a Sequence Diagram (Office of the
National Economic and Social Development Council, 2021) to describe the
systems within Area-Based Internship Recommendation System of Applied Data
Mining.

A) The interactivity between the users and the use of Area- Based
Internship Recommendation System of Applied Data Mining is shown in Figure 1

and the Sequence Diagram of the user information browsing is shown in Figure 2.
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Figure 1 Use Case Diagram of the system operation
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System administrator/ user information browsing screen /browsing monitoring.
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sending users’ information.

displaying information.

Figure 2 Sequence Diagram of the system operation
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4.3.3 System Design: once system requirements of each part had been
defined, the screen of the system and databases were designed (Saichon, 2017)
with details of individual steps of the operation steps as follows:

A) Web page components could be divided into two parts as follows: 1) the
header was the part that consisted of various menus and 2) the content was in

the middle of the screen and displayed the main content as shown in Figure 3.

Logo Menu
Logo
Internship Search
position position

Mews

position
Code area

Recommended Jobs ‘

| Footer |

| Footer |

Figure 3 Main page displayed in a normal mode and a Responsive mode.

B) Database design by using an ER-Diagram to show the relationship between
entities to make it easier to understand the communications within the system.
It consists of 10 tables, namely news table, job table, type table, faculty table,
migrations table, organization table, department table, warning table, apprentice

table, and user table as shown in Figure 4.
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Figure 4 ER-Diagram of the system

43.4 The development of the Area-Based Internship
Recommendation System of Applied Data Mining: HTML and PHP were used for
the development. Sublime Text 3 was used as a program for system
development (Thailand Institute of Occupational Safety and Health (Public
Organization), 2021) (Thiptida, 2013). MySQL was used to create database
management system.

435 System test: After the development of the system had been
completed successfully, the next step was a system test. The researchers would
test to find errors, adjusted, and then corrected any errors which were found.
This would allow the system to operate more accurately and efficiently to
respond to the users as much as possible. The test was specified and

implemented according to the test plan (Test Case) for checking system errors.

5. Results
51 The result of the development of the Area-Based Internship

Recommendation System of Applied Data Mining in this study: the researchers
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developed the usage system on Chrome browser, which could be displayed in
two modes, namely a normal display and a responsive display as follows:
5.1.1 Main page: It is the first page of the website. It consisted of different
menu bars and a log-in. It was displayed in a normal mode and a Responsive
mode. It was divided into 4 parts, namely 1) internship company search 2)
internship company display 3) a listing of recommendation displays 4) public

relations display. They are shown in Figure 5.
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Figure 5 Main page displayed in a normal mode and a Responsive mode

5.1.2 Log-in the Area-Based Internship Recommendation System of
Applied Data Mining: It consisted of types of log-in as follows: 1) Log-in with
Username of the internship search system 2) Log-in with Username of Facebook.

They are shown in Figure 6.

=
% Internshup
e
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C | O wwwitintraincom

s s
-

Figure 6 Log-in the system with Username
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5.1.3 System administrator section: It dealt with the management of
internal system, such as membership management system, student information
management system, internship companies management system, management

system. It is shown in Figure 7.

P
\J Internship @ =vera g -
-

Figure 7 Student Information Management section in a normal display

5.1.4 Student Section: It was the part for editing personal information
in the student information management system and the part of internship

company search. It is shown in Figure 8.
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Figure 8 Internship company search and location of the company section

5.1.5 Intemnship Company Section: It was the part which dealt with registration
and the editing of information of the companies in the intermnship company

management system. They are shown in Figure 9 and Figure 10 respectively.
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Figure 10 Internship company information editing section

5.2 The result of the quality assessment of the Area- Based Internship
Recommendation System of Applied Data Mining by 5 computer system experts

is shown in Table 1.
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Table 1 The Quality Assessment of the Area-Based Internship Recommendation

System of Applied Data Mining

Quality Level
Assessment Items —
X S.D. Meaning
1. Suitability of functionality the program 4.20 0.45 High
2. Accuracy of the performance of the program 4.00 0.71 High
3. Convenient and easy to use 4.40 0.55 High
4. Speed of the performance 4.00 0.71 High
5. Data protection and safety 4.20 0.84 High
Total 4.16 0.62 High

According to Table 1 which shows the quality of 5 different aspects of
the program assessed by 5 computer experts, the overall quality was high (X=
4.16,S.D. = 0.62).

5.3 For the result of the Area-Based Internship Recommendation System of
Applied Data Mining user satisfaction assessment, the researchers had tested the
completeness and the accuracy of the system, and then asked to users to use
the developed system. This was for the examination of the satisfaction of 30
the internship companies. It is shown in Table 2

Table 2 The Examination of the User Satisfaction in all Aspects

Quality Level
Assessment Items —
X S.D. Meaning

1. Usage convenience 4.33 0.71 High
2. Processing with a satisfactory speed a.27 0.70 High
3. Accuracy of the information retrieval and 4.13 0.74 High
display
4. Simple operation process 4.07 0.68 High
5. Easy-to-understand system a.27 0.64 High

Total 4.21 0.64 High
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As can be seen in Table 2 which show the user satisfaction of the system in all

aspects, the level of the user satisfaction was high. (X=4.21,S.D. = 0.64)

6. Discussion and Conclusion

This study aimed to develop the Area-Based Intemship Recommendation System
of Applied Data Mining. The assessment tools were the quality assessment form
and the user satisfaction evaluation form. The discussion and the conclusion of
this study are as follows:

6.1 The Area-Based Internship Recommendation System of Applied Data
Mining was a website- based. It could be run on various browsers on PCs,
smartphones, and tablets. The usage rights were divided into 3 rights for 3 types
of users, namely a system administrator, internship companies and intemnship
students. The operation was divided into 3 systems, i.e., the membership
management system, the intership company management system and the system
dealing with advertisement of internship recruitment according to the requirements
of the companies. The researchers analyzed and designed the system in accordance
with the theory of analysis, design of an object- oriented system with UML
(Unified Modeling Language) and developed the system in accordance with the
theory of System Development Life Cycle which are as follows: 1) problem
specification 2) analysis 3) design 4) development 5) testing 6) installation and
operation and 7) maintenance. This would make the development of the
system more efficient and could meet the requirements of the users. It is in line
with the study conducted by Duangkamol Phonak and Rattana Leerungnavara
(Duangkamol and Rattana, 2021) who examined and developed a doctor
appointment and medicine alert system on Android. The development of this
system adopted the approach which began with the specification of the
problems pertinent to the system development, and then the analysis of

system requirements and the system design, all of which were used to develop
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the system. The system underwent a testing process. After the completion, the
system was put in a practical test. The last step was the maintenance of the
system, making it ready for usage.

6. 2 The quality assessment of the Area- Based Internship
Recommendation System of Applied Data Mining by 5 computer system experts
was highest ((X= 4.73, S.D. = 0.44) overall. It is consistent with the study of 14.
Kanyarat Aliwongsakun et al. (Kanyarat, Chanita, Pornthip and Rattana, 2021).
They developed an online system to recommend routes to community tourist
attractions in Ang Thong Province. It was found that the tourist route guidance
system could suggest information about the places along the route by making
an ascending rank of tourist attractions in accordance to the distance between
the places and the users, ranking the closest location on the top. It could assist
the users to select the desirable tourist attractions from the recommended information.
The quality of the system was by computer system experts. Its overall
assessment result was high (X= 3.54 S.D. = 0.55).

6.3 According to the result of the examination of the user satisfaction, it was
found that the satisfaction was highest (X= 4.77, S.D. = 0.46). It shows that the
developed system can respond to the comprehensive usage of the users. It can
be used to find internship places which are suitable for students' aptitudes. It
also has a map which can show the quick and easy routes to the locations of
internship companies. It is in line with the study of Phummarin Hrangnoi et al.
(Phummarin, Kunanya, Piyanan and Prapas, 2021). who conducted research on
the application of data mining technique to IT careers recommendation system for
undergraduate students, the case study of Rajamangala University of
Technology Thanyaburi. The results of the quality and the satisfaction of the

system were good with an average score of 4.27.
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7. Recommendations

7.1 There should be the development of automatic feedback and notifications of
internship.

7.2There should be the development of the system which can disseminate public
relations and news in relation to the internship through various channels both directly
and online from the system to make the students be informed comprehensively.

7.3 The search results on the map should display other types of information, such
as accommodation information and facilities. It would help the students to decide
on their internship opportunities.

7.4 There should be a support system for the internship companies. Able to
request to accept students for vocational internship.

7.5 The findings can be adopted as a prototype for developing curricula that

incorporate professional internship
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U4 (Polynomial Regression), Gaussian Model itag Logistic Model W BMIANAINY
! ¥ L A ! . a
VULUULILATANUTUAAUNZAN NANISNAABUNUI Gaussian Model 1uluinai
a g ! ! ¥ ! & A a

WMUgaNianlunIsngININAIAMLAUILULLEIAILAIAIINAYY LT8391nTAT RMSE
WAz MAE A¥ian Ine Gaussian Model @13130 1AM INTUAIUNUILULUNIFIEA
(Peak Dry Density) 191U 1.505 ¢/cm? WagAIAIIUY U Luurgau (Optimum
Moisture Content, OMC) 111U 9% A15USEUBUNANISNARDUAUITUII LAY
Wi madnsvesnsinuifianuaenaassiuanidenfnviieatuauauihvesiy
~ a Ao Yo a ¥ . ! ¥ a ¢
wilerluusnanianwaraaieiu lnen1sidanty Gaussian Model ¥3glrn153As1En
AUk UgLazanAaRITUANYUEYRIVRLaT LAINNITNAFRY Fevoyaiiaiil
a1 lulelunisesnuuusagairiuauneasstui i dnwinelulnegned

ULANTNIN

ANENATY: AVUVUIMUULIE ANFUNMINzaY Auniled Lnan1swensad
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Abstract

This study investigates the relationship between dry density and
moisture content of clay soil using a mathematical modeling approach, with a
focus on a case study in Pathum Thani Province, Thailand. The Modified Proctor
Compaction Test was employed to obtain data under controlled laboratory
conditions. Soil samples were collected from the field, oven-dried at 105°C,
ground, and sieved to achieve uniform particle sizes. These samples were then
compacted in standard molds in multiple layers to reduce voids and increase
density. Statistical analysis, including Analysis of Variance ( ANOVA), was
conducted to examine trends and determine the optimum moisture content
for compaction. Predictive models including Polynomial Regression, the
Gaussian Model, and the Logistic Model were applied to estimate dry density
based on varying moisture contents. The Gaussian Model demonstrated the
highest predictive accuracy, supported by the lowest values of RMSE and MAE.
It predicted a peak dry density of 1.505 g/cm? at an optimum moisture content
of 9 percent. The findings are consistent with previous research and suggest that
the Gaussian Model is well suited for analyzing the compaction characteristics
of clay soils. The results can be applied to geotechnical engineering design and

construction planning in regions with similar soil profiles.

Keywords: Dry Density, Optimum Moisture Content, Clay Soil, Prediction
Models
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1. umin
MsAnwauanTRvInMenLaznsimnssesiuiusinysenauddylu
nseenuuuuaznaasslasiasmslest Auduaniidaumainuaismassdiine,
ylviinmuauaunnanstululuwnaziiud faunsoamansenunonuadosuay
UsgAns nmvadlassasneiiasnsd uuududu Aundonduniursiavesiuid
auddy (esnniinuautaifenudanguuazaruanunsalunissuining
JoiiAntu 1wy nsneasdlssnugpannssuumisiiseguuiuiifumisieey
Fedslula¥umsusulsanuaudiRunsusidunisneass oreamalminnisgudla

mnlalpfunsuiulssmasutResnamingay (Tang AM, 2009 uay Wang & Zhang,

¥ '
A I

2020) luwsdwminuyusiil Useinelng fumilenduianiiugiunnulaessuwnsvaiy

43

[

arunlalunuauifvesduniolufiuidiadudesiddylunisesnuuunagng
LHUNTNOAT SRS USEANE ANLAzUaeA Y N1TUTHuANAINIUILU LR ITDIRY
wilnaunsovelmsilaisanuannsalunmssuimiinuasauiafiosvosiu v
TanunsnufuUgsnuauvAvesdula og1amunzay (iang , 2019) Auiniend
auannsolunsianizgeuazdsnnmagaduihiuntudesutuiurindu
anunlalunaauifivesdiumdelunfminunusddadudesiddglunans
LHUN1SN 5197 5 AL Uaoasauaz S adu n15la3s Modified Compaction Al
193570 ASTM D1557 (udsnsfiduszansanlunmsiesenazyszsifiuaiaiy
MUTUULU TSR UV 87 %ﬁmmsmﬁsflv?mLﬁdyﬂalﬁqQmauﬂ’ﬁﬁuaqﬁuuasﬁwmi
Usuupsanauifvesiulmmngausunmslsnumedamnssales (ASTM, 2021) 270
msﬁﬂmlglmmlﬁl,ﬁuﬁmiﬂ%’uﬂga@mamﬁ’ammﬁuéj@aﬁﬁﬂwsauﬁumw%’wqamm
MUY (Modified Compaction) ansnsnifiuaruansalunissuiminuagan
arndsdlunisguivosiulaossisyaniam mafnwiifnguszasaiofny
ATAELUS TN ANIIMUIL LA AT LR s A WD waz S s B UAI 1A
L ugresuuuTIaes ludl uil nsd A nwidmiaunusid Tnele3s Modified
Compaction A31MA5§1U ASTM D1557 Wit eUszidiuanuimanzauvesiulunisly
umeiemnssalest nansinsenazgagivlaveyaididgluniseenuuuuay
MunuNUneaTiefinssaninmuesiu wasiiunruaenstlunslanuiuly

ﬂ?ﬁﬂ@ﬁi?ﬂiﬂiﬂﬁi’]ﬂ‘dﬂ’]ﬂLﬁﬂﬁﬂ%uqﬂﬂa’m
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2. gufiieatas

2.1 ufimssauuLvesAu (Soil Compaction Theory) M3dakuuTBAuLTy
nszurumsivlndiaAudafuunnty iiorfiuanumruiuuuYesiu NssaLULYILan
9971958119l AR AL uA AN salunsTULMTnYesRY 35 Modified
Compaction tuisnsmaaeuiilalunisiiasenauaudinisdauuuresiu nely
Lmé’mLLazfﬁ’wmuﬂ%ﬂumsmzmﬁ'ﬁmumﬁmmmmgm ASTM D1557 ammiﬁugm
AN AL LA (Dry Density, pd,) (Lambe & Whitman, 1969) ¢4

aun1sn 1
p
1+w

Pa = (1)

Tnefl  pd = ALIUILLLLT (g/cm?)

p = ALY (¢/cm3)

W = Ay (Judnsnanu)

2.2 ANAURUS T8I 9AINT LA AN ILL LIS (Moisture-Density
Relationship) A sduRus sz 9ALTuLaza I Luuadug asd @y lunns
AnsznamauiAvesiu AIANALTYLE A (Optimum Moisture Content: OMC)
ﬁammmﬁfuﬁﬁﬂﬁﬁuﬁmmmmLLﬁULLﬁqqﬂqm (Mitchell & Soga, 2005) N15AAM
mmé’i’uﬂ’uéﬂfﬁﬁaaiﬂziyl,iwawu']iaﬂ%’uﬂqmmauﬁ’amaqauﬁlﬁmwamﬁm'ﬁﬁmuma
Arnsaules FeaNT0AUINIINATINALARIANANTLS T 1AL

& = =
LALAIIUYU NIDINNFUNTN 2

Gs - Pu
Pdmax = m 2)
1087 pdmax = ANUMUIULULISGSEA (8/cm?)
G, = AmANIVUILLLESTeIRY
Pw = AUV (1 g/cm?)
W.. = arwdufivangean (Judasan)

2.3 Nun158 UAIUBIAU (Soil Consolidation Theory) M58 UAIVBIAU
Anduilafiugnnaviuiazdlurennvesiugnnalneanil N1syuAliinananly
iy svedlasiaTamalmnssulest lngaunisuanilylunisiiasennisguiivessiu

ADEUN1TUDY Terzaghi (Terzaghi, 1943) wARFIENnST 3
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0O= 0—1u (3)
efl o = mmﬁuaugaaﬁ (effective stress)

o = Amudiuiionun (total stress)

u = ausuiluresn (pore water pressure)

2.4 mwﬁmﬁ%’uﬁ;mﬁfﬂsumau (Soil Bearing Capacity Theory) AMUEIU1TA
Tunssuihminvesiudutadoiddglunisesnuuugiusinvesiasasa nguid
pelmsausasaaslssfiumuausalunissuimdnvesiula (Meyerhof,
1951) ImEJauﬂﬂﬁﬁ'yugﬂuﬁ'sl,iiusluﬂ'1sﬁ']mmmmmmﬁaiumﬁuﬁmﬁﬂmaqauﬁﬁa
aun1sfi 4

qu = cN; +0'Ny + 0.5YyBN, @
ool qu = m’mmmifﬂum5%’U1§mﬁfﬂ§jqzjmaq§u
C - arwsumudeouvesiu
o' = Anuduaysal
Y = dhwinvesiu
B = mmn%waqgmim

Ne,Ng,Ny= Jaduannuaiunsalunissuiimin

3. B/N1IAiunTIvY

3.1 Msifiufesnsiu (Soil Sampling) nsiusosnsiududuneuusnluns
Fuilunside nedeniiufinsddnuilusmuaunmis Smiaunusdduiiuiau
wiler ndurhnafuiiessiuananudnes 4 inafuiesnsiuain 5 %0
voyannaey laelying eslloifudios1efy il ethunsivaeuuasnaaouly
ﬁmﬂﬁﬁ’ami

3.2 nawn3euiiee13fiu (Soil Sample Preparation) delashessiusiuau
5 ﬁaaéwéawqmmﬁuﬁﬁﬂmLLET'J ﬁ’sa&h&ﬁu%gﬂﬁ’lmﬁﬂﬂﬁﬁL@%&Miuﬁ@ﬂﬂﬁﬁaﬂ’li
TnsnsouAulvunafiguundl 105°C - 110°C Wisvdanudy wazuadulmiduida
asLBuaNTULATBIUA (Mechanical Grinder) in3psdlafilylunisnaass 1w adosts
i, ey uamedetun lnsumsasuiiisy neunslusunussifevfoves

MoIUHURNIT uadin1InTIEU AIAINLIUEIMATAIUTLY LAENITNAADUTIENS
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uay 3 afaneAnitin daniuiessduargnifuinwlumeuzdaadndevosiu
msam%’umm%umﬂmmﬂ

3.3 NISNAADUAIUVILIULULIAG (Dry Density Test) N1SMARDUAILVILILUY
uwnsazdniunislaglyds Modified Compaction AMs3A5§1U ASTM D1557 N3
maauﬁwﬁﬂmamsmiﬁ;ﬁuslul,t,:iﬁm‘ﬁ?m'mﬁgmm 5 ﬁﬂ‘{faﬂﬂa Ynag 5 afanns
yiAged (TR 25 A39) uaviin1sdnRumoLssSaitmualunsgu ity
%Vi’wmisz?"qﬁmﬁ’ﬂLL@iﬁuﬁﬁ'Uﬁqﬁulil,azﬁwmmmwwmLLu'mm”waqﬁu WERIA

A9 1 way 2

15197 1 M3sVAgdeU Water Content Determination lngl%3% Modified Compaction

VBYAN 1

Water Content Determination

Assume water
2 4 6 8 10
content (%)

Wt. of Can+Wet soil  136.50 137.00 135.50 135.50 135.50

Wt. of Can+Dry soil 126.00 124.00 122.00 120.00 119.00

Wt. of Can 24 24 24 24 24
Wt. of Water 10.50 13 13.5 15.5 16.5
Wt. of Dry soil 102 100 98 96 95

Water Content 10.294 13.000 13.776 16.146 17.368
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A19199 2 N15VAdaU Density Determination lagle3s Modified Compaction VBIYA

N1

Density Determination

Assume Water

Content (%)

2 q 6 8 10

Wt. of soil+Mold 10007.00  9660.00  9922.00  9855.00  9799.50

Wt. of Mold 5924.00  5924.00  5924.00  5924.00  5924.00
Water Content 10.294 13.000 13.776 16.146 17.368
Wt. of Soil in Mold 4083 3736 3998 3931 3875.5
Wet Density 1.421 1.760 1.884 1.852 1.826
Dry Density 1.288 1.558 1.656 1.595 1.556

MneyalumTNT 1 waemdl 2 BedszneumenisrisusaenTulay
AL UR e AT 10879 JITEarlUATA UL Ry
Arwduinzauvesduluiuiidnwinely a1nmsvageunmLILLLLM (Dry
Density Test) voshogsAumieasiuim 5 ynveya lasleds Modified Compaction
PILLNATEIL ASTM D1557 nanisnadeuuandlufiuiniaumuiuuuunavesiy
wilerfimnunlsunutuey fuauduresiu Tnsaiaumuuuuunaea svesfu
wirluiuiiAnueyfiuszatn 1.48 ¢/cms Fa 1,50 ¢/cm? Womudueyluig 0.12

f9 0.15 (WJudasaiu) nanrsnaaeuiliduveyadidglunisusviliunuauding

a a I dy e
AAINIsNvesRumute luNunAnw

a

3.4 msmmaaumm%yuwmmzam (Optimum Moisture Content Test) N9
mmaaumm%ﬂu‘ﬁ'mmzawﬁ%’msﬁwLﬁumﬁmﬁ’umwmaaumwwmLLﬁuLqu 1ag
MsinilufesatutavinseanuluufiuAITUR B UNTIAR UA MUY
W MSIEINseEeUnanEaSImUSINah Awanaafuilevn A EuRvinln
ﬁuﬁmwwmwuuﬁqq@qm (OMC) F9a11150AIUIUINNTINAILFUNUE T2

ATUAUILUULLAZAINTY UAAIAIRIIIIN 3
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AN 3 APUFURUSTZUINAMUNUILUULILAZAIINTU (MUY g/cm?)

No. Assume Water Dry Density Water Content
Content
2 1.288 10.294
4 1.558 13.000
1 6 1.656 13.776
8 1.595 16.146
10 1.556 17.368
2 1.305 8.906
4 1.589 10.784
2 6 1.678 12.286
8 1.611 14.948
10 1.572 16.146
2 1.301 9.223
4 1.581 11.330
3 6 1.673 12.626
8 1.620 14.359
10 1.580 15.544
2 1.287 9.709
4 1.625 11.527
4 6 1.675 13.131
8 1.556 14.359
10 1.518 15.026
2 1.292 9.223
4 1.628 11.330
5 6 1.682 12.626
8 1.556 14.359
10 1.511 15.544
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{a al =

21913799 3 Assume Water Content ififianfio 6% lunnnsdl iilesannln
ﬁ’]ﬂmm%u’lLLﬁuLLﬁﬂgﬂqm ﬂﬂiLﬁU%auuasqﬂﬁ 5 71 Assume Water Content Wnffu 6 %
dugeilvmadfiaalumsned Iegly aArumuikuuLsgean sy 1.682 ¢/cm? 7
Water Content Wiy 12.626% uanannisundiumileaiimnudusn 12.5-13.0%
alaneumunLusgan daduanefinudauassalunissudmdnifian

A1uvan Modified Compaction Test

4. NaN15398

4.1 mﬁmawﬁ%aga (Data Analysis) Jagaﬁlgmﬂmwmaamzgﬂﬁwm
Siasrenlaglylusunsy Minitab a3 eeileadd wavni1siasiznauulsusiu
(ANOVA) 1l 031112l uas AL gt UE 581 19A1AUNUI LU UL IUAZ AL UT
bRUNT AL uaﬂmﬂﬁé’aﬁmﬂ%ﬂﬂw "3Lﬂi'1w? Residual Plots L‘ﬁ'aLLamwamﬁmiwﬁ
AT UESE MR AT UL ALAE AL LT Iz a (Jiang, 2019) WaAMIA4
AW 1

One-way ANOVA: Dry Density versus Water Content

Source DF 855 M3 F P
Water Content 17 0.4219%3¢ 0.024820 26.48 0.000
Error 7 0.0065¢1 0.000937

Total 24 0.428497

8 = 0.030e2 R-Sg = 98.47% R-8g{adj) = 94.75%

AT 1 HaMINAEEULAZA1TIATIEN ANOVA

AT 1 LanIn1ALLUTUTIUYES Water Content waz Error Tagan F-
statistic = 26.48 Way P-value = 0.000 LLamﬁammé’i’mﬁ’uéﬁﬁﬂ’aﬁﬁmmﬁﬁﬁ
YW Water Content hae Dry Density A1 P-value fiueenan 0.05 (0.000) UAAIIY
wamsmaawmmumaaam LasiiAUEUTUS AL LA ULAE AN
VULUULIAY AILIUEveslaLag A7 R-Squared (R-Sq) = 98.47% lag Adjusted R-
Squared (R-Sq(ad}))) = 94.75% wansluiuilunaitleansaosuisnnuudsusaiu
YBIANAUUUUU UL LALNTS 98.47% %qﬂuhqﬁqqma LAR9E AL UEN
luina sﬂjauaﬁzi"mmmL%aﬁuuamiﬁﬁudﬁwmwwmLLﬁuLLﬁqﬁmmé’uﬂ’uﬁ‘ﬁ’um

AL Lol HlpdAty Layn19IATIZY Residual Plots LAAIFININA 2
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Residual Plots for Dry Density
Normal Probability Plot Versus Fits

.
2

P

Residual

. .
-0.050 -0.025 0.000 0.025 0.050 13 14 16 17
Rasit

L5
idual Fitted Value

Histogram Versus Order

16 0.04 *.
i

VAN
W

Residual
=

| I I 004, o — o
003 002 001 0.00 001 D02 003 0.04 24 6 8 1012141518 20 22 24
i Observation Ordes

m‘wﬁ 2 Residual Plots

NG 2 MFATIEN Residual Plots WAAINITHINKAIVEY Residuals fiu
N13LANWAIUNA Residuals ﬂizmasﬁhLLUUfimaULguLLmuau wane AU
voyalaf N15uANLASAIINE V0 Residuals Histogram fin15uanuasUnd Versus
Order nsiiuanen Residuals ﬂﬁzmaé’hLLUU?jmaULguLLmuau WARII Residuals
fpnadudasy

4.2 mﬂ%aumsmiamaﬂL%awvgu'm (Polynomial Regression), Gaussian
Model wag Logistic Model FiovAuTuL LI AL TLT A ;;35815
ﬁw%a;ga%wé?u AATITMELNITANABLITINYLIN WUENNTS Polynomial
Regression Analysis #919lunM51MALENRIE TN ANLMLILLULASTUUS NI
onfddes aunisila
Dry Density=0.3394+0.02976x(WaterContent)?~0.000144x(WaterContent)*+0.000000
x(WaterContent)®

91AHANI57LAS1E9 Polynomial Regression Analysis WuU2 1A2114 Uil
mma”mﬂ’ué@qwumuﬁ’uh']mmumLLﬁuLLﬁwaqaumﬁaﬂuﬁuﬁﬁnm lAgANNITNY
wsERUTiEaIsnesueAuLUSUTINYe LML AR 80.5% Taudnd
fepumanzauvedliag MIIesIer ANOVA way Sequential ANOVA Fmunsh
WUy fdsdos wazmdsaudauddalunisesuisanuduiussening
AUTULAZAIUMUT UL N15uUanuMINEYes@uns AR (0.3394) uan

AUNUILU UM LA AT UL o luTUSunauun (Water Content = 0) AakUSANSI&04
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(0.02976 x Water Content?) LanqfauualunvaInumu LU AL is T unLns
Lﬁu%{maw%mmfﬂugﬂmaqﬁﬂﬁqam
FuUsAESE (-0.000144 x Water Content?) wansfiedns1nsasuuUasesniny
MUIUUULIT S uanad pUTuain Ty fauUsidamn (0.000000 x Water
Content?) AgsdulsyAviuiu 0 mnsaumesadsenoviiluiinansenumeaunis
aunsiiuansliuanaamuiuuwnsssdad ulugiausnidoudanan
ity windsndsganiluat AuvuiwuuumsrSuanasdadudnuneitilunes
A NTLS 5217 19UT I A A UAIM U MU UL IR SR Y (MuMdnTad Proctor
Compaction Test)

4.3 MIFsuLiisunanI AU UNUITE LATNTIATITINANTENUYEIAT
AINLMLILULLY Ay AT Ul aum AL salun TS uT LAz
wfiesvesiu Han1TieTenargnlsfiosudiunamganvesfulunslanunis
Imnssulosuazniseonuulasasa
yitevnslyaunisensny Wemainensavesainuuiku Tasagly Curve
Fitting Lﬁ'aﬂﬁ’uﬂqﬂmmahﬁ wazluSeuLvisu Polynomial Regression, Gaussian
Model iag Logistic Model Lﬁa@j’iﬂumaimwsnﬂszﬁﬂlwmﬂwmLLﬁuLLﬁalﬁLmuﬁﬂ
fign Fit Gaussian Model 1t o3 ukurlunwuulasszes Fit Logistic Model 1l g
wnluufifidngfa Wisuisunadnsiu Polynomial Regression 1 @519n519

LAALUILULUDIATAITUAU L UULAIAIUANAINUTY LAAILUANTIN 4
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A9 4 ANEINTUAIATIUAUILULLIA (MUY g/cm?)

Water Content (%) Dry Density Gaussian Dry Density Logistic Dry Density Polynomial
5 1.3409 1.4355 1.35081
6 1.4103 1.4355 1.3965
7 1.4621 1.4355 1.4546
8 1.4940 1.4355 1.4997
9 1.5048 1.4355 1.5165
10 1.4940 1.4355 1.4997
11 1.4621 1.4355 1.4546
12 1.4103 1.4355 1.3965
13 1.3409 1.4355 1.3508

91nM157197 4 WU Gaussian Model mmﬁmmuﬁul,mgaqm (Peak Dry
Density) = 1.505 g/cm? ANPUTUTIIN ZaY (Optimum Moisture Content, OMC)

= 9% LLﬁ%LLL!’]I‘U@JSU’ENF‘Y]WEHﬂimﬂﬁﬂi)’mﬂu%muuﬁﬂLLM@SE‘ULLUULLﬁ@ﬂUﬂWWﬁ 3

Comparison of Difference Regression Model

water Lantent (%)

—Dvy Censily (Gaussian]  e==Dry Dengty (Lonistic) Dry Density (Polynomiall — saw AT354

A 3 wnluUSeuigunaans
AT 3 wan U IR LA UE S ¥ MINIAIAINTULAYATAI UL UL
voshumieluiuidwmiauyusifidnvasduaulasszdini Bell-shaped curve)

PYNTALIU IINANTUATIENRALIUS UL UTLLAAN1ALAMENTHAIELUU talA
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1) Polynomial Regression luwnaidis Tsiaulasngualunisdszanmuen Tvaunisny
wwfing 4 delunadnsilnaifestuveyaiilaannismaaes Saauamnsalunis
Uszanaumiin winsneinsalafioguentastayae1alin Overfitting la

2) Gaussian Model lalassedlsiiimng fuveya idulsndugulnufiovmngfuroyadid
geantaiau Tumatannsnoduienginssuvesiulad wasdudndeniimunzay
dmFumsneinsal

3) Logistic Model Asfimesonadsluniugmenssdiuaduny Tnsunilyiu

Yoyanidndndnuunazans wnlunsdliunaansfilafiouiduainsdl a1 Upper Bound
Y84 Logistic Model 881 2.871 g/cm? §3g9n31A1339uN 1H19991nAIMITELmesH
< o v ¥ [y a a A > oy ¥ ! o d’{ yatv yo
uaLEnun ilreesUulsalueaisduielunensalauuugdu gideladun

N9UTEULTEUATILAINATNEINTAAIAUNUILUULAILEAIAIAITIN 5

a a a s ! ! ¥ !
A1571991 5 MSUSEUTEUNTNINTUAIAMLAUILULLIL (MUY o/cm?)

Water AN934

Content Modified Polynomial [CEVSSED]
(%) (PCT)

5 1341  1.3508  1.3409
1.410 13965  1.4103

1462 14546  1.4621

1.494  1.4997  1.4940
1.505 15165  1.5048
10 1.494 14997  1.4940
11 1.462 1.4546  1.4621
12 1.410 1.3965  1.4103

13 1.341  1.3508  1.3409

HIT81ATLATILVAIAIIUABIALAG DUTENINATAITUNUIRUULIIT AR D UATS
Auaiilaannnisnensauvesnalimg Weatuayunan1siuseuieuUsednsamn
voslunanentiamansIiiuAL Lawn Gaussian, Logistic wag Polynomial Tnglamnd

Yaneadd lawn A1 RMSE (Root Mean Square Error) AL@agUsInuaaInadousn
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Masdes UagA1 MAE (Mean Absolute Error) ANL@RgU83AIANNARIALAT OUTUY T

WARIAINNT N 6 ULagMSUTE U UTURUUNTNEINTUAIRNTIN 7
M13199 6 HANTAUIUAIAIUARIALARDY

RMSE MAE

(g/cm3)  (g/cm?)
Gaussian 0.0061 0.0049

Polynomial 0.0103 0.0082

Logistic 0.0482 0.0471

a = a s
AN 7 MIUTBUNBUFULUUNITNEINT

Polynomial Regression Gaussian

o
[Pd= aW*+bW3+cW2+dW+e _(w-)®
d Pd= A e 202

T 1

Y8h Y9h

- gnsefinveyalmanlnanasaled | - wangdmsuveyaiiiigngadn

9 Y 9

- AU waza unsatyauly | TaLau

Excel la leladidloveyaiinnanszansuuy
Normal

Taide Taide

- 91307 Overfitting - pestsuamsunulnmzay

- 1{l9A1ANNTWAUYIVBLA 813l | - A1 UgaUNIT Polynomial

ANNANAIAUIN Regression

HANTITATUINAIAIIUABIALAG U WU Gaussian Model A1 RMSE Lay
MAE an#an ilawiguiu Polynomial wag Logistic Model @auanafiandnuuiuengs
TUNISNEINTUAIMIURUIMLURIAY Lazatuayuvoaguiag Gaussian Model 10u

Tumanwsnzaungatunislyanulunsdlfinuil
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5. #3UNaN1539

M3 larnslinssAA I LM LAY AL LT I L e
FumiealuiuiiSominunusti nele35n13 Modified Proctor Compaction Test
waznsTinsznnsadfonlinanisnensal WiensiadeukaziuseuLiisuan
wenspvesunazling lun1sfneid nsvadeuAUNU LI LUV ILaT AT uT
mmzamgﬂﬁ%ﬁumﬂmEJLﬁué’haéﬂaﬁumﬂﬁuﬁﬁﬂmLLawmaaﬂuﬁaqﬂﬁﬂ’ami oy
Tv1nsg1u ASTM D1557 (Modified Compaction) %@HaﬁlgqﬂﬂmﬁLﬂswﬁlﬁ@m
AU SV 9ANA LML LU AY AT Y Wazas 19N MuaRILLIT UL 84
%Tayja %Tayjamﬂmsmaauqmi’mﬁLﬂiwﬁimiﬁgm%mﬁaaﬁﬁ MILATIEUAY
wUSUTIU (ANOVA) bl e uun T uias A Ui us SemaneaA U b UL AT kA
A Uil ngan n1sleaunisnisannesidannuiu (Polynomial Regression),
Gaussian Model Wag Logistic Model Lﬂum%iaﬂﬁdumiwmﬂiﬂjﬁl’]ﬂ’l’m%iﬂLLuI‘LJLL‘l;iIQ
flavinmnaaeu aumimiamasn%wnumﬁlgﬁgmwuﬁaﬁ Dry Density =
-0.3394+0.02976xWater Content?~0.000144xWater Content*+0.000000xWater
Content®
nan1snadauLarn1siUIsuiouTumanie q wanslaiiuan Gaussian Model 1w
TuLmaﬁ'mmzauﬁ'qmiumiwsnmajﬂ'wmmumLLﬁuLLﬁqumﬁ']mm%u \fesann
aunsadusualunuuulassedlaossuiugi Tng Gaussian Model Tupmannsel
mﬂwmwuuﬁqqqqm (Peak Dry Density) #11fU 1.505 g/crm? uazA1Aud uil

Wwingau (Optimum Moisture Content, OMC) Lﬁﬂﬁu 9

[

nsweuifisunanisnadeuiuauideuanslmiuiradnsvesn1sanw il
ANUARARRITUNUITENBUNUIN ANy N e uAnauURvesiumieluus Il
AnwazAanenu (Tang AM, 2009 Lag Wang & Zhang, 2020) UanNMNLUNANITNAFDU

§ianAa 0 uIuITeves (Jiang, 2019) AuansluiAul1A1AURUILU UL 9T

' Yy v
o v o

auduusesiiTddyfuaIaud L nan1sAnwia gl Gaussian Model
Wduedesefifiuszans amlunisaianisangfnssuvesduwmiden anunsaly
Uspenalaluniseeniuukas UL N DaTIMImnssiles Tnaamzlufiuiifg
SnvarAunideafiaatoadetu wu nslyluea Gaussian lun1sussananiay

NUUURIAIINANNTUSTUAY e muataulvlunisosniuugIusIn wenani
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ADAARBINUIIUI YN HIUND IA N LU U bnatAg9n Y M luaan A nwidaany
Y900 TUsUIAND1ATNISAN UL DULALLA LN DL ALAMUALLD A LAZ AU LI UEN

299k AaNNEITU

6. VDLAUDLUY

[

msﬁﬂmﬁgqu:ul,awwzﬁumﬁw?fﬁaﬂwmmaww Taun Auanansalunis
iuﬁﬂqa nMadsuulasiinnsauennudu uaganuduiusuuulasseds (bell-
shaped curve) S¥MINIAIAUT U UATIMUILL LAY Wintdwuusiaes Gaussian
%39 Polynomial Regression ﬁﬂ’wmﬁumﬂ%a;ﬂaﬁumﬁﬂ’ﬁﬂiﬁgﬁu Aulszivdy 919
asraneruwsTlumsnensal lumsanwadadnly msdnwmiadeiiamanen
AUV LU LU LAY AT Ui Lz a Imai%mwﬁﬂmﬁmeﬁaﬁﬁéﬁjuqa WU
Principal Component Analysis (PCA), Cluster Analysis Wag Multivariate Regression

n1siATzradAdugeazyiglnaiunsaagluazUsuidiurayalaeerudussuunas

WUUGIUINTUY
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UNANED

memﬁ”ﬁ]zﬂa'nﬁqmi‘U'@uV\lmw%uﬁ‘ (Carbon Footprint) 1Jun1sinna
nsEnUTsHANS LY waruinnsaInAanssuvesauiiinedauinasuluiduiunm
RERK U%@J’lm“uaﬂ;wL%@Uﬂi%ﬁ]ﬂﬁgﬂﬂéaaaaﬂu'ﬁﬂﬂﬁﬁ]ﬂiiuﬁLﬁﬁl’J%@\iﬁU@ﬂﬁiﬂi
vionuBnuinensaazyneay finelminnansgnumedauinaonlaenedou
nszaniithanfinnsundley 7 faetu e meansuedlasenlen (CO,), mefiny
(CHy), melunsaoanlan (N,0) , naunwlalasrigoslsaisuau (HFCs), naune
Woslgeslsnisuau (PFCs), mudaiesienazngeslsn (SF4) wagnwlulasiaulng
wqoelsn (NF5) Inslaiuadfelonialunisifinnnglanseu (Global Warming
Potential; GWP) Faidudiziudinianisledivensififiaiuneluifnnnglansou
ety fudu l3insinvidesesasueuaniun uarsiudieduanuaiivln

wnigawnis1azyinla lag Carbon Footprint derdusidind1dglunisaiuau
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BIANT UATNIARAAIMINTTUAN 9 ALliufanssunvasenivseunssanuiniuluau
awandswinaanlusuian elvaiuisaviladis Carbon Footprint 11n8stu Tu
unAUtinanfis Carbon Footprint Aaazls dAUssnn wazvinluessansealnunes

TnanudAey

ANENATY 1 ANTUBUNANTUA, BIANT
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Abstract

The objective of this article will discuss about Carbon Footprint,
which is a quantitative measure of the impact of products and services from
human activities on the environment. It refers to the amount of greenhouse
gases released from activities related to organizations or agencies, both
directly and indirectly, that cause an impact on the environment. There are
7 greenhouse gases considered: carbon dioxide (CO2 ), methane (CH4 ),
nitrous oxide (N2 O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs),
sulfur hexafluoride (SF6), and nitrogen trifluoride (NF3). The indicator is the
Global Warming Potential (GWP). It is well known that our IT industry also
contributes to global warming. Therefore, we should study about carbon
footprint and cooperate to reduce pollution as much as we can. Carbon
Footprint is an important indicator to control organizations and industries
that conduct activities that release excessive greenhouse gases that will
affect the environment in the future. To better understand Carbon
Footprint, this article discusses what Carbon Footprint is, the different types

of it, and why modern organizations need to consider it.

Keywords: Carbon Footprint, Organization
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Ui

luanizdagiu anmdsay seuuiiae wazdwanaeuiinisiudsuulasiy
29T Lﬁummqﬁﬁﬂﬁﬁmﬂww{w 9 WINUEY fanmslanseu seiutvza
Lﬁ'uqﬁu AALTRAT TN LLazﬂﬁgmmnﬂ?auuﬂamquﬁmmﬂ (Climate
Change) ﬁéawaﬂiwmawwé F uardawanaoun1esTsuyRiinag vilmin
mqugLa“wﬂmmmwamwaﬂwwﬁz?’mwwmgqumwizmaw&ﬂaﬂ
FavasedvilmAndymiane 4 marisinatedasenleiy wilduluie n1sv
A9NITNAe 9 m@ﬂmqwéﬁﬂéaagwﬁ@uﬂimﬂ (Greenhouse Gas) ¥NUINI1UTDS
;wﬁaummmﬂugqsﬁu ﬁ’mﬁwﬁ’uﬁﬂqmmﬁm?{aﬁuaﬂaﬂ%haa 9 qaﬁu Wlevoafiu
LLazmmmﬂ%mmﬂﬂsﬂéaagwﬁaummﬂﬂaqaﬁﬂmaswamﬁmsﬁﬁm q Fadufiun
YoUAN ATUBUIIHIUR (Carbon Footprint)

1Y

alutagvu msuounanius (Carbon Footprint) tuituiadtadady
dmunsafiufanssunionisnszyinna ﬁuaqmuwﬂlﬁaunﬂ%’jumau Wiofag
muaulilviAanisassneasueulaeenlen dadudnisddyiiviilmannioe
Tansou fetuluvans q Useina saufsssmalne3adufinini ersveuaniun
(Carbon Footprint) wly Ssitelnmsamuiientunnglanseu wazanusum
neiFeunsranignuassainfanssunne 1 dsazrasasneealaiuisunisgaia
sasdaduniswansauiuiinveunedenuiiosirluganudsdulutugsia anu
WmnensiaLoe s sEy (SDGs) wesanUszr1vd
AISUBUNANTUA ARazls

AsUBUNANTUA (Carbon Footprint) iufd fanansenuvesianssuves
uuwevinodwanaeu lnslanizaiazlansou a1sueulanium (Carbon
Footprint) fla U3inaunaideunsraniiuassoonunainfianssuveauysenimiemss
Lazn9eeY Aanalinsdinvomanfuaniouins awuanislaundsiagi
nszvaumanan mslsnu laufmsiinenunsumdmuaeignislau tae
agnaumeonulusuvesasusulasenleaifioumi (Coze) Fonlan mivey

s
a

Wan3un (Carbon Footprint) WunilemdindrAynazUssidulSuiunivisou

9

nszanfignuaseainfanssunie 4 Nilsenuwnils aewad iluddeluns
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WIIVRYAAIARY WU 281N ATISUBUNANTUA (Carbon Footprint) NAnlIuuA7

a o A

nandunielvnuslaalansuUsnamsUassnigsounseannaenininstinues
Wanduniy 9 Feezviglunisdnduladovesuilaa wasnseaulvyusenaunis

USudsumalulaglunisudaludulnsfudainasuuingau

EMISSION FACTORS

Units C0; Fossil CHy CHy N;O Total whiltd wiodaya
[kq COyunit]  [kg CHylunif]  [kg CHylunit]  [kg NyOVunit] [kg CO2eqlunit]

Stationary Combustion
Natural gas scf 5.72E02 10206 1.02E.07 0.0573 IPCC Vol.2 table 2.2, DEDE
Natural gas M) 5.61E02 1.00F 06 1.00E.07 0.0562 IPCC Vol 2 table 2.2, DEDE
Lignite kg 1.06E+00 10505 1.57E.05 1.0619 IPCC Vol 2 table 2.2, DEDE
Fuel oil A litre 3.21E+00 1.24F.04 249E 05 1.2200 IPCC Vol.2 table 2.2, PTT
Fuel il C litre 3.24E+00 1.25F.04 251E.05 12487 IPCC Vol.2 table 2.2, PTT
Gas/Diesel oil litre 2.T0F+00 1.09E 04 2.19E.08 2.7078 IPCC Vol 2 table 2.2, DEDE
Anthracite kg J.09E+00 JAME05 4.T1E-05 31000 IPCC Vol 7 table 2.2, DEDE
Sub-bituminous coal kg 253E+00 2.64E05 J.96E-05 25454 IPCC Val 7 table 2.2, DEDE
Jet Kerasene litre LATE+00 1.04E-04 20TE-05 2ATT5 IPCC Val 2 table 2.2, DEDE
PG litre 1.68E+00 2.66E-05 266E-06 1.6812 1PCC Vol 2 table 2.2, DEDE
LPG kg J1E+00 4.93E-05 4.93E-06 311 IPCC Vol.2 table 2.2, DEDE LPG 1 litre = 0.54 kg
Motor gasoline litre 21BE+00 9.ME 05 1.89E 05 21894 IPCC Vol.2 table 2.2, DEDE
FUEL WOOD kg 4.80E-04 6A0E-05 0,0304 IPCC Vol.2 table 2.2, DEDE
Bagasse kg 2.36E-04 JE05 0.0143 IPCC Vol.2 table 2.2, DEDE
Palm kernel shell kg 3.96E-04 TA1E05 0.0352 IPCC Vol.2 table 2.2, DEDE
Cob kg 503604 6.T1E05 0.0319 IPCC Vol.2 table 2.2, DEDE
Biogas mi 2.09E-05 209606 0.0011 IPCC Voul.2 table 2.2, DEDE
FUEL WOOD (CO2only) kg 1.79E+00 1.7909 IPCC Vol 2 table 2.2, DEDE
Bagasse (CO2only) kg 153N 0.7530 IPCC Vol 2 table 2.2, DEDE
Palm kernel shell (CO2only) ke 1.85E+00 1.8530 IPCC Vol 2 table 2.2, DEDE

Amdt 1 An1sUasmeiieunszan (GHG emission factor)
fian : http://thaicarbonlabel.tgo.or.th/admin/upload
files/emission/ts 578cd2cb78.pdf

AISUBUNANTUA (Carbon Footprint) @1xnsauuteanidu 2 Usgwnvvan
laun 1. m1susuna wIum (Carbon Footprint) ¥8484ANT 2. ATTUBUNANTUA

(Carbon Footprint) U uaRAUMN

1. AISUAUNANIUAYDIDIANT
ASUBUNANTUA (Carbon Footprint) of Organization #38 CFO wu18fig
U31100909n19139UNT2INNNUABERBNUIIINAINTTUAN VDA UBIANTNTD
PUIPITUNINIINTILAEN199DL NNBIAANANTENUABAILINABDY LU N5y buln
A15UAREAINNSEUIUNITTUNANYLYU NITTANITVDUAL NISVUAY LAZNITLY
dy a s a a v = a o i
W aNAIN18TUDIANS LAULAAINALULTIUSUIUAY NIDNLANSUVDINDY

msvaulaeenlealiisuini (CO2e) lnan1wiseunsyaniiiuiiansanidey 7 6o
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Ay fo nwasuaulaeenlan (CO,), niimu (CHy), nelunsasonlan
(N,0), ﬂa;mgwealaimiW@Ja@Iiﬂwguau (HFCs), ﬂ&jugwl,ﬂa%w%aaiimguau (PFQ),
;1%%’aLWa§LaﬂsnzWQaaiiﬁ (SF¢) u,azgwsaluimil,ﬁ]ulmiw%aaliﬁ (NF,) @sneidou
nsvanupazdaimenitezidneamlunsiilminnaavlanseu (Global Warming
Potential : GWP) wann13riu Imsmwmuzﬂsmmsizm"m%“guﬂmlmywmi
LU?SULLUaﬂaﬂﬂwqﬁa’m’lﬁ (Intergovernmental Panel on Climate Change :
IPCO) Tarmunmnisyilmannzlanseursanaymaliisuiudngnmnisiin
nzlanseuvesnisaisusulasenlen Insneaisveulneenlsainifeninly
nsvinlulansoumafu 1 Fsavinureidu asveulneenlemfieumi (Carbon
dioxide equivalent : CO2e)

a1 Emission Factors AomilaudasuSuinnislondanunsenineins
wuuSinmunimiSounszan wulvin Emission Factor agfiuszanas 0.5 Alansu
Co2 na kWh Fuagiudszimauazunasndsnuilyisiufiva Ussaa 2.68
Alan$u Co2 nadns n1sduvszana 0.115 Alanfu CO2 moflauns Juagiv
UszLnyiadosdunagiaunnatu dmsy AsUBUIIANGUR (Carbon Footprint) U9

peANTENINTaLUIEaNUY 3 @undn lawn

SCOPES OF EMISSIONS

— e )
- ﬁ h
SCOPE 2 SCOPE 1 SCOPE 3
INDIRECT DIRECT INDIRECT

EMISEIONS FROM EMISSIONS FROM EMISSIONS OF THE
ENERGY / UTILITIES SOURCES (ON SITE) CHAIN SUPPLY OR SERVICE

A 2 vouLun (Scope) dmunmsusaiumsvassmaiieunsyan
i : LLu’mwamsUszLﬁuﬂﬁuaumw'%uﬁaaﬁﬂi m%uauﬁmw’%uﬁ
(Carbon Footprint) of Organization: CFO)
https://cbis.institute/en/2023/03/30/carbon_footprint_organization/


https://thaicarbonlabel.tgo.or.th/index.php?lang=TH&mod=Y0hKdlpIVmpkSE5mWlcxcGMzTnBiMjQ9
https://cbis.institute/en/2023/03/30/carbon_footprint_organization/
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Scope 1 (Direct Emissions) #u1e94 ﬂﬂsﬂéaﬂgwﬁauﬂszﬁ]ﬂimHmsﬂmﬂ
Aan55178909An3 WU sl emddduniswdn n1sUassneiimuain
ATEUIUNIINER

Scope 2 (Energy indirect GHG emissions) #1804 AsUasenITieu
nszananmslandsnulniriuazaiuseufidesinnieuen wu nslasenie
asuaulaoanlenainnswnlrsidewmaddulsdiv wdinuanuseutazndany
Tovh

Scope 3 (Other Indirect GHG Emissions) #1814 nsUassnesey
N5¥ANINAINTIUBY 9 maaaaﬁﬂsﬁlﬁswagﬂu Scope 1 wag Scope 2 LU N3
YuasAuA NMsvudminay Msiinveade
A15197 1 Feens Scope3: Other Indirect GHG Emissions

U1 : 9IANITUSUISINNNTNFLIBUNTEAN (BIANISUNIVU)

ningAviiuiieN (Purchased goods and services)

Enuaslengeames A (Tounsu)

Ranaumslinszatuiing
Buunmsliinsz

Buanslawdndiun wandn

N3N Messenger ADUBN A18NETT

TngRundn (nsleiu)

wdaunszanmdaumnansalisznaugsiia (Capital goods)

slaneagun: u vy wtetiees Aoumawmes lrsfm

¥ - .
malinsasnsaiwdasinsdninem

3 Rensmilindiudu uvenilonnmavdesimIsunizanmadauminnislindaan (Fuel-and enerey-related activities)

sldunsaniiiufiea

mildneniifuuudy

7
hsldunmal natural eas

mildpndemdandalii

it lediseuely

sanadaumamasudaingudnTagiu (Upstream transportation and distribution)

TraudTiRgHu

udmanio oL el o iwouer

TngU3uas A15ueuNANSUs (Carbon Footprint) Yo dLAATBIANTIE
uanasiulumuUszinnYeeInnIwazAans NI LELIL feg1ary peAnsT
mﬁLﬁuqiﬁwyﬂumswﬁm arulngazd Avsuounn wiun (Carbon Footprint)
mﬂﬂ’iﬁa\iﬁi‘ﬂﬁﬁﬁf’lLﬁuﬁjﬁﬁ]é”luU%mi desanmedlandsnulunszuaunine

41NANIN
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2. ANSUBUNANTUAYDINANN U
A1sUBUNmANIUA (Carbon Footprint) of Product %58 CFP 1844
JSuunesaunsyanimiuaivasgeoni1naeninInstInvenandun Aawnn1s

a a

lpsBeingiu nszuauntsndn nisvuas mslsau lWanfnistdaenudndumn
wé’mmmqmﬂ%&m Tngunfiuas U3una m%vauvﬂmw%ué (Carbon Footprint)
voudndunazuanastulunmuszinnvesndniunuazisnisudn e
wAn funindnainagRussanen@ wu @orian inde Snd arsueunaniun
(Carbon Footprint) Hesn1wansunfinanainingiudaasenosnadeniain
wanain vidolumuveanszuiunnanndnsuniinanlaslandinuazen ndwny
Laseniing azdUTutas AsUBUNANTUA (Carbon Footprint) UaBNIIHAN ST
wanlaglandsnunloada dvludaqtu aain asususemIue (Carbon Footprint)
vowmAn S Sulauaudouaniy Lﬁ'aqmﬂﬁfaaslﬁagu%‘lmmmméfmﬁu%Lﬁaﬂ
Fodunuaruinsfiiuinsnedauanaoula lngaain AFUBUIANTUA (Carbon
Footprint) %aawémﬁmﬁﬁasLLamszTazng%mmmsUéaEJ;Wﬁauﬂimﬂﬁuaawémﬁm%
mureiletn inanmnisduin uasigdnsdinvosndndueaiiasounqu feeng
waAn Susfidaain arsuauNANIU (Carbon Footprint) lawn 1Hor1 81913uas
Ao wAnSuBidnnseting nAnfumneasny nanSumeusun

UszinnuasaaInAIsuau

wwsoonidu 4 Ussnn muAinmsuansveyanisassnisdeunszanuie
ASUBLIN NEUTYDINAR N fo

Uszunnil 1 fe aanustnisUassasuaust (Low — Carbon Seal) uanq
yoyansUassnmuiFeunsyaniuTinadisminaasusiunguifiea

Uszianil 2 Ao aannusdseiunisaseasuey (Carbon Rating) Wam
sefunUaBsNYSouUNIYaNUOIHAR T L FLAUASEYNDY RU LAZNDILAT
n3oUstsEAuNIsanasesUTIuNsUasnmEaunszan (Carbon Reduction
Rating) uslalauanswayafiavUiinumsUassmedounszan

Uszinndl 3 Ao aamﬁzqmmmm'{uau (Carbon Score) WaAIUINIUNNT

Uaoen1giiounszandumiaruuinnsuaunn nsunveandndom
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UseLany 4 As aa1n¥aLeA15uau (Carbon Offset/Neutral) w@nanns

YALTYAIIUDU

CLIMATE
CONSCIOUS

FLATINUM

2 ' = : s 5 ar : - ' ‘£
FI0819aaNUIEANTUa DEATTUD AN AIDEMAATINUESEAUMSUADEATIUDU

T4

ammxwmmﬂﬁuw fagaanta oA UaY

o I's
AN 3 UTZNNUBIRANANTUDY

fian : http://www.environnet.in.th/archives/1496

s chRBGNe
¥
de L0z
okl b dod

answaicuins wéAa
m
@

aiju

Ve,

KLIMAT

Tor3u

doaghiaanmsuauyallng

AT 4 F788719281NANTUAULARLUSEMA warUSemdbne

fian : http://www.environnet.in.th/archives/1496
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n1sAUINUIINUN1UaRA% (Calculating Carbon Emissions)
UBinunsuasenieidounsan = veyananssu x mmsUassmedounszan
FeansAINA
Tolvin 1,000 kwh T
Emission Factor 0.5 kg CO2/kWh : 1,000x0.5 = 500 kg CO2
MSTUANRUAIEEEN 200 Alawmsmesnouafi
Emission Factor 0.2 kg CO2/km : 200x0.2 = 40 kg CO2
Uszlaviluainisinarsuaunnniua
Tunanedsemasindasemalne Suasevtnuaslnaudffunsiam
Usemelvin1angdinuasuouiesnanieianniy neuiiinunmsuassne
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