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Editor’s Note

Dear All,
The impact of COVID 19 beyond imagination.

We must admit that the impact of COVID 19 is beyond our imagination, physically and
mentally. It affects all walks of life globally. It disrupts our educational service delivery system.
Evidently, most university campuses were very quiet without students’ presence.

How to continue our daily life and work is the major problem under the social distancing
policy regarding health concerns. The external factor, the pandemic of COVID 19, has forced us to
change accordingly. Digital transformation, like it or not, has become a challenge. It has played
important roles in bridging the distance among teachers and students, enabling online education
delivery mode possible under the Government’s keeping distancing policy. Digital technology has
facilitated us to be able to carry on our duties and responsibilities, teachers working from home or
from campus and students learning remotely. Self-adjustment with the development of new skills
and reskills, especially digital skills, for both parties is inevitable. It is the key to continue our duties
effectively in the new normal.

Obviously, instructional strategies have to change to accommodate the learning online
delivery mode. Teachers must equip themselves with the new digital skills necessary for conducting
classes online and engage students in learning. Also, students need to equip themselves with self-
directed learning method, self-discipline for class preparation and participation, self-learning
assessment. On the positive side, the impact of COVID 19 has made all of us to be on the alert and
ready for the unpredictable circumstances in the future. Absolutely, innovative method of teaching
and learning, instructional technology, is needed.

The lesson learned.

Now, the global situation of COVID 19 has significantly alleviated since March this year. It
shows a downward trend continuously as reported by the authorities concerned. Most countries,
including Thailand, have issued the policy to reopen their countries for travelers, visitors, including
foreign students to be able to attend on-site classes and educational activities on campuses. That is
good news. Campuses are starting to come alive again as students return.

For higher education educators, teaching and research is inseparable, like two sides of a coin.
The reputation of an institution in academic circles depends on the scholarship of its faculty.
Scholarship, or research, is an important part of academic life. It is a good opportunity for college or
university educators to reflect on your teaching requirements and changes you have initiated during
the COVID 19 pandemic. As an educator, a teacher or a researcher, what have you learned about
teaching and learning online during the last two years, in terms of professional development and
effective instruction? How do you manage the classes? For the learners’ learning, what assumptions
have you made in devising your teaching strategies about the variables likely to influence the
learning of your students during the pandemic. Did you know the capacities, interests, and readiness
of the learners, of each individual students in your class? What do students prefer, on-site classes or
online learning? What are the changes in your students’ learning styles? Share your discovery.
APHEIT journal is a platform for Share and Learn. We value your contributions.

Welcome back to campuses,

Manit Boonprasert, Ed.D

The Association of Private Higher Education Institutions of Thailand

Under the Patronage of Her Royal Highness Princess Maha Chakri Sirindhorn
June, 2022
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UNANED

mAfeliingusrasdiieairslinanstigednuidininnisal veuaossusionnimeiudae
walansFouivenades waziUsuifisuuszansamlunsmanisalamudeevosudazimaia
ienmadaiifiaimmuizay Inoldyndoyasinlunalustves Commercial Modular Aero-
Propulsion System Simulation (N-CMAPSS) Tun1sineluaznadsuluinalunisaianisainiig
Fowe gadoyadendndugadeyaiieifuaudsnsfiiniufuiniossuferniaeiuuuy
Turbofan a1naudAududadun1svinuneg (The Prognostics Center of Excellence) vasgudivey
urg Lo (NASA Ames Research Center) inafiansi3sudvasiaiaaiavun 5 inadaldun duls
fadula Yuuvdy dumenifileutiulndan Tassieussaimidioy uaz Gradient Boosting with
XGBoost gniunlddmivaiisluinatiieainnisalamidenies ludruvesnisusziiuluimalden
duUszaninisiimun (R?) uazArsnfideswesauiianaiaidsasdiade (RMSE) 99nn1sfinduuay
yaaeulainasioun 5 wadewuin medelasstneuszamidionliuadnsainfiansemdudsyaninig
fvuaiiiy 0.7578 wagAsnfidesuesnuRanainidsaeaadewiniu 0.0016

AEATY: N1IISEUTYRIATEY N1IAIANSAlALEETIE N1TUNTIsNYITIAIANTTal ATedEURDINA
g1u Yavea N-CMAPSS

ABSTRACT

This paper aimed to create the predictive maintenance model of an aircraft engine by
implementing the machine learning techniques and comparing the prediction performance of
each technique to determine the most suitable technique. Datasets for this study were
collected from a new model of Commercial Modular Aero-Propulsion System Simulation

(NCMAPSS) used for training and testing for the predictive maintenance model. N-CMAPSS was

v o
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a series of data on the damage to turbofan engines from The Prognostics Center of Excellence

(PCoE), NASA Ames Research Center. There were 5 machine learning techniques including
Decision Tree, Random Forest, k-Nearest Neighbor (kNN), Artificial Neural Network (ANN), and

Gradient Boosting with XGBoost. They were used to implement the predictive maintenance

model. In addition, the designation coefficient of determination (R2) and Root mean square

error (RMSE) were used to evaluate the model. The analysis of the training and testing of five

techniques concluded that Artificial Neural Network was the suitable technique with 0.7578 of

R2 and 0.0016 of RMSE.

KEYWORDS: Machine Learning, Failure Prediction, Predictive Maintenance, Aircraft Engine, N-

CMAPSS Datasets
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Alddefiiugatulunanedu fednsinis
AuvFeadomndsiinnntusufsitigesnui
pnanuulunsdiiiinnsdeonan niazena
ihluganudemeiiiusunssosnaia dedy
AmaNysaivesTudIuIAIossuALazng
yhauidaudedeldgedadudsddgyedis
§9999ANUaDA UL IN15 DY (Junjie,
Jinquan, & Feng, 1707) (Efstratios & Pantelis
, 2015) 51,’3EJLﬂﬁﬁﬂiﬁmﬁﬂﬁmﬂ@ﬂﬂﬁiﬂﬂ@ﬂ%ﬂw’]
Fufindunardmalvuualiiuauaulalunis
finusmdainisuiuldnagninnstigednuid
UsgAnBamifiugelutuiy n1sigadnunid
UszAniaiwazannsaufuugsanudidedie
Y9358UUT04 I UAIUAUMAIVDITEUU Wavan
AununsUgeinela (Ana, et al., 2018) 8n
fialurasfinuninisingesnudeainnisl
(Predictive Maintenance) 15§Uﬂ37uﬁ8m§jﬂ§u
nsufIRgmannssy 4.0 Alvinsatduayunis
d13e¥nudszianiainaanudesnisly
aaUFiATfugeduuiy esnindinaw
Ifu3suluiFeswesmnuindoiie amnumniou

Tunsldeu wazarnudasadefiuinniinig
U1395nwuuLds (Khanh & Kamal, 2019) R
nu1809n15U1595n 811895 (Corrective
Maintenance) fiagsiinisieutigaiiloLin
ademety usnsAdldunegsenuy
wasdufidouunainaudiglunisandunig
s slugrealdsefiunnine lisnazdu
alddnefisendslUvmusiinszurunisuan
gAY INVTOAIAILHLNNAIN 9 SIudansdeu
Un3ad9Ueaiiu (Preventive Maintenance) i
Humsdeuigemuunuiilannely wuamatas
anunsatlosiunnudemefionainiulduds
wdunisldninensdudedasldivauas
Foaldaeildsndusgraumiaaguiy
(Gian, Andrea, Simone, & Sean, 2015) 311
A1sAnwINUITaLLUINI SN Ald a1 nsu
ArAnIsiA LB eenatAndulaun
wuInelauLAan1en1enIn (Physical Model-
Based) d9aldlutmanisndinenansuazisnis
mead@dundn wuanieaaug (Knowledge-
Based) Wunwimafivstisanaududeuves
lunanianien nIedeulduuunaunany
(Hybrid) uaguwinnansldveya (Data-Driven)
finnsiluwnafivarnuateuiusuldlunns
ﬁ'@ummsﬂfm%’ﬂmL%qmmmiaﬁmaﬁugm
V19aff (Statistics-Based) Ugyay1Usefnyg
(Artificial Intelligence: Al) k@ Lluinafisnada
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NNATANITITEUSVRILATO (Machine

. & < aa 1 L
Learning) fotduiileueagreuinludagdu
(Tiago, et al., 2020) N1TLTEUIAILLATO DD
I a A Ao Y]
WuipsesdieNtaussaninagsluniswaiun
danasfiuineysvandldd1niunisainnisel
U1nu1e tagUseansainveanisunly
Ussgndldiuiiuediunisidenmatinnisseus

A v
YDIATDIALAINUAU L EL (Thyago , et al,,
2019) MNMANATIAUNITUTBUIBUWATIA
milﬁauﬁﬁuaqm%awzmmm%mﬁudwm
Toua (Dataset) Niogduinuzaunazly
wadalruiiuiaianisaiaudsniale we
medednialunis iR n1snagsiusiudoya
AMULANBUTLANTLNTIEINUIUNTLINAA
AULEENY (Run-To-Failure) Ua9LATBI8UA

s & v P ¥ ¥

onagutudululeenn Wesanndsdldssey
Va1 deinldaneaannn (Abhinav, Kai, Don,
& Neil, 2008) LALLUANAAIAYATUAIIY
UaanNgNdINansenuaeg9318hsInInean
wigN1sadututuIadinisgentlanauLaNe
AatiunuITetiazingateyaaiWuainiueg
Tuniewe9 Commercial Modular Aero-
Propulsion System Simulation (N-CMAPSS)
(Manuel, Chetan, Kai, & Olga, 2021) Ul
° o = o P a = v
dmduilndulaeaniinsldmaianisiseus
YDILATDINWLANANNUNINUA 5 LNANALAZYI
AMsUSsUBUNaaNS LA e lULAaNEAIY
winngauda nsultlunisaianisainnude g
¥99FUFIUDINFLUAD LY
ingUIzeeA

1 easialumanisUingesnuwids
ANANITAIUD AT DI UADINIALIUAILLNATA
NSYUIVDUATON

2. WeLUSeutiguUseansainanu

ANUBUUGITUNITAIANITUVDILARLLNATA
wagwalandanumLzauan

YIULVAIIUITEY

1. Andunaznaaouluwnaiildlunis
ANANISAIANUEBTNE YD LAT B U BN AU
ﬁ?ﬂﬁﬂ%agamﬁmﬂ Commercial Modular
Aero-Propulsion System Simulation ( N-
CMAPSS)

2. WSguIiguUsEaNSAINAIUALY
wiugvedlinansinesnegnInnIsalves
i3assusiornmeen Tngldmadadasolud

(1) duld@dndula (Decision Tree)

(2) Unwuudu (Random Forest)

(3) dunauiifieutulndan -
Nearest Neighbor: kNN)

(@) lassaneUssanmiies (Artificial
Neural Network: ANN)

(5)  Gradient
XGBoost

Boosting  with

Uszlowdilldsu

1. lumadmiunisaianisalaaiy
Femevesaiesudornmagluisazimaia

2. mysnduladenldinaianisiseus
vouazedliiinrumnzauiuyndoya

3. 1Anudiunisieuiveaaiosn
Usggndldluamunmsthssnuidenamsaidu

4. thausldluimuinstigednwm
GsenansalliiuszAvsnmandedu
MuAdeiigates

(L@un1, 2559) laiin1sAnw1ive
AatunsUsegnalfinaialassdisuszam
\iguAouligdu (Convolutional Neural
Network: CNN) lun1svinungengnistdany
AundovedAInsing dsiinistryndeyadils
MnLATesdiansszUuMsiuLAdeunisnisly
L¥an18v8 (Commercial Modular Aero-
Propulsion System Simulation: CMAPSS) 41
T¥sufuyateyadusiu 14 g Inenadnsils
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wansliliindnis Enhanced VGG-16 liirnAu
amaadoulunsvineitesiian

(Vimala, Tom, Vikram, B, & M, 2017)
innsnwudseuiitgulanaaininaiianis
Boufveuaiesiaun 10 wadadionuada
mMsiFeuivesaieafianunsaliviureergnns
Tdaruastnde (Remaining Useful Lifetime:
RUL) 9841A3838UM91n1ABULUY Turbofan
I¥egausiugnunniian lnonadnsnlduandli
Wiudumadavwuuduidumadailiaim
wiiughanniignainnsuseiiufesniiaos
YosmuRnaIniNdsaesiady (RMSE)

(Rounak & Manikandan, 2021)il
ﬁg@iiﬂ%uwﬁ%ﬁ”lmﬂﬁﬂ Long Short-Term
Memory (LSTM) wuufiillasenauszaniiiey
mauligdu (Convolution Neural Network:
CNN) waghifilasesineyuseamiisunauligdu
wlglunisaranisaletgnisidarunanie
(RUL) #2pndagia CMAPSS Ganadmnsiild
wandliiiudn LSTM wuuildfllassgdsyam
Feunaulgutiudny

(Nathaniel , Christopher, & Katherine
, 2021) gaLﬁumﬂﬁﬁmmaLﬁ'mﬁwﬁaga (Data-
based models) Lilesi1n13m1018n1514910

Aamde (RUL) 999.A3038UALUY Turbofan
mgyadayalvivas CMAPSS 38 N-CMAPSS
FalasstngUszamiisunoulagdugniiu
Anwilun1smengn1sldanuniaing

BANIUNTIY

yadaya

yadoyafitunldlunuiseiifuge
foyaieafunnudemeiiistutuedosud
91N1AYIUIINTEUUFIUT0Ya Standard
Datasets 484 NASA (Chao, 2022) Qﬂﬁ%ﬂﬂsﬁu
91nlUsunsy Commercial Modular Aero-
Propulsion System Simulation %38 C-MAPSS
Fadulusunsudmiviiassioyatnioseud
g1n1fs1udandedvuinlng Afidnwus
LATOILUALUU Turbofan ludiuvessnuise
atuilldyatouatildanlumaiiuulgdn
Tudia N-CMAPSS u19i1n151SsuLiisunns
meNsalnEEvest AT sdN Y
TumansiSeusvesadoauuiifaeu Tngluina
vosszuvzifulunuannis 1 s1eaziden
Aeafuiuysene ansaAnuldannmide
(Chao, 2022)

29,20 = s(w®, )] (1)

= o t e~ wa o
A1) x§ ) ABDAENUANIINIYATINIINNITIN

9?,5” AaRuALTRIINw U SaToUdI
w® Fedeusdnmmvhnuveasieseus
0D donrsrfimesuansaniurnig

Fouanw

nsinsEuYataya

lutumeureanmainiouyateyaaniu
mswisudeyaifieidrgnszuiumsiiasey
mndeyatulifienuauysaivielalddnng

wisuyatayalilnuIgaNardINaliinig
as1slumaindyrinseiindeianainlunis
AATzilaefiu ARaUnd (Outliers) luyn

[ ]

Toyavrdinaly anuudiugrveclunannag

A a 14

NIOLANTORANAIANINTU LAYATEUIUNTS

o v A o

d1AyAenisvinAuare1ndaya (Clean Data)
1. n1sdantsdeyagamviy (Missing
Data) adeyanlauiealdiinnuauysaiie
wgtadenatsedne Jadnduniazfoniis
Y v Y = A A Y a
Jan1sivdeyanagmielimanl ielvifia
ANURANaInluNITIATIEilouNgn Lnendn
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2. Msdnnisyadeyardudinanafs
AINIIUVBINITNIAITNALRIATRYA
usnmileannsinnsiuyateyagayme 3
wwdituneuiivannvansdmiumsinnisliyn
Tayatiauanysal niaudmsunisualyd
Awnsiziinseadialuna laddnezidunisau
Aedutitlidesnis nmaUdsulonoduidly
g nsdanavilavesieya (Data Type)
n1sns1aanuteyatt uagdunaudu q anu
AU

3. N39an13ARAUNG (Outliers) tTu
mMsdansfuaifaauandaeinaduluge

auad19linUnAN 1A MR NVIaNe U9dY

Y

R Re

Fodumitldmunzauiiazirluldidesanas
neliinaAIINRANa A UldLAa NI BNIS
IAsznla

4. nsesaaaauly) (Cross-Validation)
Junisuvsyadeyaiidesnifuteyatinedu
(Training Data) LLag%’a;ﬂamaaU (Testing
Data) Fsdsuuuslusnsidiu 80:20 wie 70:30
AUFIIU mﬂﬁ?uw%’mﬂzjwqm%a;ﬂaaamﬂu k
ﬂ;ﬂﬁ‘%aﬁﬁsﬂ’h k-Fold Cross-Validation tiie
Wunisanainueuidusnedaya OEREY

FEn1sliveyaninunazilaniaiuiateya

Andukazdayannasy nadnsnldozilu

ALARYANINATIFABUTINUA k TRUAIFUN 1

Iteration 1 Fold 1 Fold 2 Fold 3 oo e Fold k
Iteration 2 Fold 1 Fold 2 Fold 3 T ) Fold k
Iteration 3 Fold 1 Fold 2 Fold 3 ceee Fold k

- -

- -

- -
Iteration k Fold 1 Fold 2 Fold 3 oo Fold k

Test Train

AUsENaudi 1 k-Fold Cross-Validation

Tudiuresnddeilainudayad1dng (Null) ui

[

laiin1sannisnudauatiisniadudndsau

Q)]
=

WiomuUsdase () Fadumdildarnnisingae

LULYDIANY o) WazdanlInnu (y)%uﬁu

Ansfimesuansaauznsideuanin lned

n1suUatayannludIuiy 552,088 waluay

ToYaNAAOUIIUIY 136,263 U
nsasslang

Iu%umauﬁLMQﬁﬂmmﬁléfﬂénlﬁ%g’ﬂ
unlgdlunisasrslumanianiwn Python uu
1Usunsu Visual Studio Code wagaziinig
Bonld Library deelud

1. Pandas d@msunsdanisveya

2. h5py dususulig .hs

3. Numpy @175UN15ATUIUNIY
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4. Math @1uSun1stdnandunig
ANAANERNS

5. Scikit-Learn @wsuasnsluinanis
Boufvounies

6. Keras d1u5uasrsluinalaseang
Uszanniiiey

WeY1N15AIANITAIANNULE N8V

] A

o Y v AV Y
sﬁanULﬂiaqcﬂﬂiﬂqUﬁﬂm@%aml@LmiﬂNlﬂu

De

& A A = ~
ADITUADUNKIUNLAZLNBNTLUS UG U
Uszansanvealuinatusieasidonluwiay
wallnvggnnaIfieweanil

1. dulsidnaula (Decision Tree) 1iu

a a & Avo a | A

wadafilunidnuaziiauunsvaieiiosnn

fsunuuidnladng Tanwauznsseuiuuul

Haoudmiuuidgmldtanisduuntszian
(Classification) Anadnsazifungunie
NuIANY (Categorical) uagnN150ANDY
(Regression) i uwUs9zidunuuseLios
(Continuous) wagrulngazdenlddmiunis
TuunUszinn aulddndulafiosnusenaunan
anuegaiefuldun Uu (Node) A (Branch)
wazlu (Leaf) lunmazUuazuansiednualy
U521 (Attributes) Tunsnanguagaziusin
(Root Node) LUuduusn n1sdmaulanse
wadnslaazgnunusisly Feazfiisd vy
meﬁwmLLﬁazﬂmﬁﬂwmxﬁagﬂﬁ 2 (U.R,
1986)

Uy
A I As
e .

Ju Ju

I | |
lu Tu Uy v

I

| |

Tu Tu

awdsznaun 2 auldidegula

2. Yuuugy (Random Forest) figuslin
sulddndulaszarunsadilaladeudinuii
finagliifiannuiadies (Unstable) muauuuin
Fann wareraaetymiilunavaefinaoud
UsganSnmAninanuduads (Overfitting) 34
l¢dnsiauidaneiiuvinuuguuiiile
LLﬁ{JQJJVi’TﬁJ (. R, 1986) Uuuvdudnidumaie
nsieuivoaaiesiianananduliifadula
forduuuiniinsSeuiuu Ensemble Aonns

saunaglunaddefudmiusdtayniis
mududou annsaldlaiinssuundssan
wagn1sanney wiseanduassussianlawn
Bagging %QLﬁumiL%ui wuuwEnANAUlAg
daszudiFahunyssuianalunougavneuay
Boosting Baidun1siBeuiuuuiiazyinnsBeus
uarUiuUssuuustaoslufiazduneudasuil 3
(Leo, 2001)
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Bagging

Tree l

Tree 2

Tree 3

awusenaunt 3 Uuuudy

3. dunouitiioudulndan k-
Nearest Neighbor: kNN) v usnafiadilé§u
anudeuidusgraunlunguasanisiinun
Uszian (osanifuisiansadilaldielsl
Fudaunaviiuseanininas laiiieaunnis
Fuunussnituiimaedannsoldld u
gasruluangquueinisanaseituiu lneund

Boosting

Tree 1

Tree 2

Tree 3

TunuvesnssuunUssnmmaiabayinnis
Innquvesteyalmilveglunguiiedfutoyad
TndiAea A1 k awduddifmundiuugadeya
Indieafisoinisidlunsduuntsznn wily
drurainisanassvuaziiuldnaiuaunis
Euclidean distance (Korstanje, The kNN
Model, 2021)

d(,q) =+ (1 — q1)% + (P2 — q2)2 + =+ + (P — qn)?

4. TassvreUseaniney (Artificial
Neural Network) n15@ne1lutsosdisuaudy
Tul w.e. 2486 13l McCulloch wag Pitts
(Warren & Walter , 1943) laiauswiuuinasd
NALRANERSALaRTl AU L UUINADYad
UFZAMLATNY1EIUNIANULUTANTTYIN9UY

1 U d“ d;( a
YBIANBITINAUNY VDI Hebb Faiauaiulul
WA, 2492 NuandiiuianNszuIuNISISEusY
VATUSEMINLTaa M ausany (Hebb, 2002)
A& a v ¢ A & A v
foilugasudureinsfnyilusestl a1niile

1 % % =3 7 1 =
nanludnasuaziulanlasavieUseaniiey
TAULUULUIAANIIINNIST NI UVDIAUD S

uywd Feldrudesfoiwaduszain (Neuron)
Wourerudulasete vinaiideudeiy
Fonitlwuuud (Synapses) Falud w.e. 2501
Rosenblatt (Rosenblatt, 1958) lautauai g
1Ase1gUszaImisLLuUInesioUnsou
(Perceptron) Fadoiduguuuuiiugruuazig
ﬁqmﬁumimaﬂwﬂizmmﬁw mﬂgﬂﬁ 49
wanslmiud s uUT1andlaseeUsTaies
wuuweswunseu Yuiifidnvazasnauuansli
Wudawaduszain uwnunisideunslowuld
Fedudondegnifulifieaidiadinn
(Weight) Tulaagidy GNaNTunasInLazal
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ANLLBULBEY (Bias) dnTunisiieusiedeans
YowaduszamazdudnvazveInIsnszeu
aradndluiinsemiuninflandunsedu

voyauuN

O

W1

>

Wantunasy

W3

O

AMnUsENauN 4 lasenguseaniiey

5. Gradient Boosting with XGBoost Ju
wadafififlugiuuiainninieuuuy
Ensemble Wuidegifiumalintwuudunanife
WunisiSeuianvanslumasiudu ue
Gradient Boosting azidenldinaiianisiseus
wuuvhEnudiy Saasdumsuugdluies
itazduluusazseuvasnisiioud dawalid
AU geanduAfaiunsafatym
Overfitting 1ad1es Tudiuveq Extreme
Gradient Boosting w38 XGBoost \Juwmadiail
U¥uU598191n Gradient Boosting Ll a4
ansavinaulded e wazliusedvsnm
418ty sruadiatuisnannisiia
Oveffitting 1@ (Korstanje, Gradient Boosting
with XGBoost and LightGBM, 2021)

nsuUsziiuluma
JUADUNANUINAIINNLAYININ1TAS9
Tuwaunseusesranisusziiuluma @9f

=

(Activation Function) 1318n15n5¢A U430
AMTNUANISAINSehaUSLaINALLANTY

(Aggarwal, 2018)

voyadven

> >

»

ndunseu

Ao Usziilumnuaunsalaganulluglunis
Feuvesluea wevhnsanaulailunaiils
¥1n15 adratunnduunsauiiasdnluld
n3old n3oA1sviin1sUSuumalidalu
wanzaunew Lesann §iduidenlisanediiu
MsBoufveaniesuuuiliaouiianunsadiuun
Iaduaaalseinnie N1 AN0BYLATNNTILUA
FatunsUsedulumadsinnunansafiuny
Uszinvaeamstnldld Tusnuddeatuidosnis
ANANSAIAULEEM DR ITUEIULAS B 98NS
Hudnwazdoyaid nssadmanandegly
ane37uUIEINNUBINITaN0RELAE AL LIAN
nadnsludnunzuesAn §ae fatunis
Usziiulunaazldnisinssesiinatmndou
(Error) freAsieluil

1. duUszansnisiivun (Coefficient

of Determination: R2)
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RZ

_I@ -y’
Xy —y)*

2. ANURANAIAAIA9E@D9LRAY (Mean Square Error: MSE) kags1nNd0du03n213 RANAIN

[

dsaouade (Root Mean Square Error: RMSE)

1% .,
MSE =52(y—yi)
i=1

n
1
RMSE = |~ (y = 9,)?
i=1

e
AaAYINUNY (Predicted Value)
AoAadsrasr1ass
CRERIVAINEHE

n1sUSulseluna

winnuIluinadeluiialnuuiugn
vdolifmnuminzaudiazinluldanduneu
n15UseriulunanazfeanuINansunda
aniaryin1sUTulslumalvidauauysel
deswasonisiluldou Jamiinulnediy
Tngfetlayn Overfitting Favzdenalilung
fuiluszavsnmeidomhlldfudeyailuna
ladeny Fetussdosinlflumaaiunsa
ﬁﬂlﬂlﬁiﬂ,éﬁ’ﬁ’u%gaﬁﬂﬂﬁimLmala,imawulé’asm
fUszdnsainnieditsoniinisvia

Generalization

nSUBBUIBUNAENS

Ferhutumeuvesmsuiulgsluinaly
fuszansnimnndsduuda Tumafignasisdy
niunatalaun sulddaduls Ywuugy
Funeuitiioudulndan TassdreUszam
Wiy way Gradient Boosting with XGBoost
aggnihudIguiisulsgdnsamiunienis

TAAAUUSLANTNNTINNUA AZAISINNEDIVDY

ANURANAIANIAIADILRAY LAYALYIINIS

LLﬂﬂx‘iNaiug‘dLLUU“UENGHi’NLLﬂﬂx‘iﬂWS
= =

WssuLeu

d3UNan15Y
snddsatiuiléiinisadislumasin
wunadanisiFouivesadoaldun duld
dndule Unuuvdy tuneuitifoutulndan
lAsaneUszanniiien wag Gradient Boosting
with XGBoost Tuusaglauinanisiseuives
a3osfigniiunldlunisiuisuiiioy
UsgAnsamiudnduagdoldsunistinaduls
aunsnAIAnIsaia I Asneresiudly
pIn1AsIuaIngadeyaiinienly nieuits
Wiguiguuseansamlunisaianisalainy
Aemevestudruomaslagldyadoyaan
Tuina N-CMAPSS Gsiisrurudeyatianun
688,351 4 28 wonn3Uas uundu 552,088
wag 136,263 yadeyadmivrnduLaznagaey

v o

V.11 aduil 1 unsey - fquieu 2565 uih 9



TULAAMINEIAU ANENUSTANTNITAINUA
(Coefficient of Determination: R2) kagA151n
NADIUBIANMURANAIANIAIED9L2a8 (Root

dl = a 1 =Y
A15199 1 Useansnnvslunalunmazimaie

Mean Square Error: RMSE) 3ggniunldiite
Uz iuuseanSn nwualuina FINAANSN
Taussuiiaulinamisnan 1

Technique R? RMSE
Decision Tree - 0.2486 25157
Random Forest 0.4162 1.4057
kNN 0.4543 2.9364
Artificial Neural Network 0.7578 0.0016
Gradient Boosting with XGBoost 0.3175 0.0038

d‘ o a a a 1
Wavinnsuseiliuuseansninuwnay
NI5ITLR DS NLYAAIADIUNITULADUENIN

(Model health parameters) ¥a3lutaany 5
a 1Y v s o a = Ql'
wAdA TANAANSLERIAIRITIN 2 B9R15199 6

AN5197 2 Useansninweanisnilmesiansanunisaldenanimainmededuldsndula

Parameters R? RMSE
fan_eff mod - 0.0540 0.0091
fan_flow_mod 0.0305 0.0066
LPC eff mod - 0.5703 0.0042
LPC flow_mod -3.1438 0.0041
HPC eff mod 0.5778 0.0018
HPC flow_mod 0.6373 0.0032
HPT eff mod 0.5512 0.0020
HPT flow _mod -1.4292 0.0016
LPT eff mod 0.0606 0.0029
LPT flow_mod 0.0504 0.0036

M13197 3 Usgansnmwesnnsilwesuansaniunisalidenanmatninatadinuugy

Parameters
fan_eff mod
fan_flow_mod
LPC eff mod
LPC flow _mod
HPC eff mod
HPC flow_mod

R? RMSE
0.3864 0.0091
0.4615 0.0066
0.1813 0.0042

-0.5709 0.0040
0.8433 0.0018
0.8651 0.0032
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HPT eff mod 0.7583 0.0020

HPT flow_mod 0.3739 0.0016
LPT eff mod 0.5462 0.0029
LPT flow_mod 0.4635 0.0036

M19199 4 Usgavznmveamiiwesuansaniunsalidesanmainmaliatunesuisiveutiulnggn

Parameters R? RMSE
fan_eff mod 0.0607 0.0086
fan_flow mod 0.1389 0.0062
LPC eff mod - 0.0906 0.0035
LPC flow mod - 1.1002 0.0029
HPC_eff mod 0.4164 0.0022
HPC flow _mod 0.5936 0.0033
HPT eff mod 0.5718 0.0020
HPT flow _mod - 0.3285 0.0012
LPT eff mod 0.2453 0.0026
LPT flow mod 0.2422 0.0032

A157197 5 USEANSNNUaInIsINinesan@n un1saldeuan manmatalaseneUsea ey

Parameters R? RMSE
fan_eff mod 0.8996 0.0028
fan_flow_mod 0.8861 0.0023
LPC eff mod 0.5776 0.0022
LPC flow_mod 0.1710 0.0018
HPC eff mod 0.8961 0.0009
HPC flow_mod 0.9103 0.0016
HPT eff mod 0.7860 0.0014
HPT flow _mod 0.1307 0.0009
LPT eff mod 0.6811 0.0017
LPT flow_mod 0.5697 0.0024
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A1519% 6 Usedndninaesnisdinesuanianiugnisid@euaninainmaiia Gradient Boosting with
XGBoost

Parameters R? RMSE
fan_eff mod 0.1949 0.0079
fan_flow_mod 0.2285 0.0059
LPC_eff mod 0.2019 0.0030
LPC_flow _mod -0.2051 0.0022
HPC eff mod 0.6950 0.0015
HPC flow _mod 0.6597 0.0030
HPT eff mod 0.6761 0.0017
HPT flow mod - 0.0057 0.0010
LPT eff mod 0.3812 0.0024
LPT flow mod 0.3488 0.0030

1nNsUsEEuUTEaNS A nveslung JolduaLug

MnwadianmaiFouiveaaiosionn 5 wada
wuinneaialasstnsuszamisalinadnsig
flanfremAduuszaninistun (R) uagen
snfiaesvesaduidanaiaiideaeiade
(RMSE) 191117U 0.7578 way 0.0016 A1u&160U
Solnsgitandeyaiiinuldlunuitedas
wudanududeuguaslifinududedu
(Non-Linean) Fesi1linadiafiugruiiniiy
panaLadoulun1siunege luvnziinaie
Tnssdheuszamitouanunsasesiudeyailil
anwalzaInaalaang

LNEITDN9D

a o dy Y o = =1 a
MAdedlavinniswseuiisunaia
n15i38usveAIsd miuaAInn1TalAy
L@U18UDATDIIUADINIAYIU UBNLULDAIN
a ya o v o P a
Mn1egidelanaaesly fallinafinduq 7
Uraulawazarunsarunlgludwneddula
91U mATlANTSLSUSLTIEN WWudu @9
a ‘:1' 1 g.J/ U VY v Ya
wiatiannauinudagiulaiiniswaunlvd
UsganSanaadu Jalianuraulanazdian
NaankaziUssuisuUsEansnneal
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Abstract

The project aimed to fabricate a hot green enamel that has a similar color shade to
the imported hot green enamel or to create a new green shade. The fabrication process was
performed by using locally silica raw materials from quartz in Khao Baisi Subdistrict, Tha Mai
District, Chanthaburi Province. The study was first carried out on various properties of

o
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imported hot green enamel. Then, hot green enamel was fabricated by using locally silica
raw materials, and the proportion of raw materials was adjusted based on the data analyzed
from the imported hot green-color enamel and related research. After that, the received hot
green enamel prototype was then coated on the copper sheet to test its adhesion ability
with the copper sheet. The appearances of the coating and the color shades were examined
from the observation. The results showed that the chemical composition of the imported
hot green enamel consists of Lead which is the main component of more than 70 %w/w.
Thus, it can be classified as lead glass, and it contains silica as the main component to act
as a forming agent to form a glass. It contains chromium oxide and copper oxide as green
pigments. In this research, hot green enamel with dark green hues can be successfully
fabricated from the ratio of the raw material formulation No. 5, with iron oxide and copper

oxide as the pigments of the green glass, as well as being able to be coated on the copper

metal sheet without cracking and not falling off the copper metal sheet.

KEYWORDS: Hot Enamel, Vitreous enamel, Jewelry, Quartz
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ABSTRACT

Presently many companies in the jewelry manufacturing industry have used
enterprise resource planning (ERP) to record their job history but they didn’t take advantage
from recorded data as they could. Therefore, the researcher aimed to make use from the
data. The researcher chose data from the stone setting department to be a study case using
Microsoft Power Bl as a tool to analyze, summarize, and visualize the resources. After
analyzing the dashboard, the researcher found that the average setting performance (ASP) of
the whole stone setting department was 1,742 stones per day. Each employee had different
ASP because of many factors, such as their skill, and experience in each different setting
type, including quality of work from the previous process affected ASP as well. Insight data
from the dashboard could be a key performance indicator (KPI) for process improvement
activities or employee skill development plans. Moreover, stone setting performance in each
month tends to be seasonal which helps executives understand obviously when the suitable

time to do testing for process improvement or product development.

KEYWORDS: Manufacturing Industry, Gems and Jewelry, Stone setting, Data Analytics,

Business Intelligence
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Set-Qty and Set-Qty by Month
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ABSTRACT

This study presented a monthly forecast for the price of cassava chips in Thailand for
warehouses in Chonburi Province. The data used in forecasting were gathered from January
2016 to April 2022, a total of 76 months, consisting of components of trends. Three forecasting
methods were conducted including Holt's double exponential smoothing method, Brown's
single- parameter exponential smoothing method, and Box- Jenkins method. The results

revealed that all the three methods were efficient in forecasting the cassava prices showing
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low mean absolute percentage error (MAPE) value. The forecasting method with the lowest

MAPE value was the Holt's Double Exponential Smoothing Method, where a =0.70 £ =0.90,

followed by the Box-Jenkins Method with the ARIMA Forecasting Model (1,0,1), and the Brown's

Single-Parameter Exponential Smoothing Method with the highest MAPE value where « =o.70.

However, the study suggested that the Brown's Single- Parameter Exponential Smoothing

Method was the model that provided the most precise forecasting scores against the actual

data. It provided the forecasted value for May, 2022 and June, 2022 8.716 bath and 9.092

bath per kilogram, respectively.

KEYWORDS: Cassava chip prices, Holt’s Double Exponential Smoothing Method, Brown’s

Single-Parameter Exponential Smoothing Method, and Box-Jenkins Method
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Oct-59 5.29 5.454 -0.300 5.7607 5.7304 5.725
Nov-59 5.46 5.548 0.055 5.4180 5.2419 5.154
Dec-59 5.62 5.582 0.036 55135 5.4048 5.603
Jan-60 5.2 5.304 -0.247 5.6201 5.5973 5.618
Feb-60 5.12 5.249 -0.074 53051 5.1594 5.057
Mar-60 5.08 5.153 -0.094 5.2188 5.0540 5.175
Apr-60 472 4.878 -0.257 5.1641 5.0164 5.059
May-60 4.57 4.739 -0.150 4.8731 4.6368 4.621
Jun-60 4.79 4.820 0.057 4.7223 4.4670 4.589
Jul-60 491 4.866 0.047 4.8492 4.7129 4.877
Aug-60 5 4.946 0.077 4.9244 4.8712 4.913
Sep-60 5.16 5073 0.122 4.9883 4.9848 5.022
Oct-60 5.55 5370 0.280 51112 5.1672 5.195
Nov-60 5.76 5.559 0.198 5.4159 5.5980 5.650
Dec-60 6.24 5.976 0.395 5.6069 5.8420 5.757
Jan-65 7.4 7.414 -0.111 7.5488 7.6454 7.651
Feb-65 7.51 7.515 0.079 7.4066 7.4232 7.303
Mar-65 7.8 7.691 0.166 7.4875 7.5245 7.594
Apr-65 8.38 8.123 0.406 7.7106 7.8412 7.857
MAPE 3.35% 2.95% 2.531%
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838 n1sUSUlAS susuuB g LUk uLT Bagn MAPE ﬁqﬁam‘lﬁud ﬁ'gLLUULﬁaﬁqmum 0=0.70
a99A5998laad laglin1susuA1nIsimes La o =0.90

waguae 9 A1 IMeAINITIHNe TN aNAU

a ¢ v & o v Y  aa ) v a <
A1919N 2 ﬂ'ﬁ‘WEJ']ﬂﬁlﬂlai,luﬁ37ﬂW‘(j@6UWEJNuLﬁu1u1J§3WlﬂVLVIEJG‘I'JEJ'Jﬁﬂ'ﬁ‘UTUiﬁLTEJ‘ULLUUL@ﬂGﬂULLuu

WWUan151ea5AeU09Us 1Y WIBNuUAAT @ =0.20 kaz 0.70 win@19nu

a =0.20 a =0.70
g A S T a b F S T a b F

Jan-59 568 | 5680 | 5680 | 5.680 | -0.045 - 5680 | 5.680 | 5.680 | -0.045 -
Feb-59 531 | 5606 | 5665 | 5547 | -0.015 | 5.635 | 5.421 | 5.499 | 5343 | -0.181 | 5.635
Mar-59 547 | 5579 | 5648 | 5510 | -0.017 | 5532 | 5.455 | 5468 | 5442 | -0.030 | 5.162
Apr-59 575 | 5613 | 5641 | 5585 | -0.007 | 5492 | 5662 | 5604 | 5720 | 0.135 | 5412
May-59 6.07 | 5704 | 5654 | 5755 | 0.013 | 5578 | 5947 | 5844 | 6051 | 0.241 | 5855
Jun-59 6.06 | 5776 | 5678 | 5873 | 0.024 | 5768 | 6.026 | 5972 | 6.081 | 0.127 | 6.291
Jul-59 587 | 5794 | 5701 | 5888 | 0.023 | 5897 | 5917 | 5933 | 5900 | -0.038 | 6.208
Aug-59 58 | 5796 | 5720 | 5871 | 0.019 | 5911 | 5835 | 5865 | 5806 | -0.069 | 5.862
Sep-59 574 | 5784 | 5733 | 5836 | 0.013 | 5.890 | 5769 | 5797 | 5740 | -0.067 | 5.737
Oct-59 529 | 5686 | 5724 | 5648 | -0.009 | 5849 | 5434 | 5543 | 5324 | -0.255 | 5.673
Nov-59 546 | 5640 | 5707 | 5574 | -0.017 | 5.638 | 5.452 | 5479 | 5425 | -0.063 | 5.070
Dec-59 562 | 5636 | 5693 | 5580 | -0.014 | 5557 | 5570 | 5543 | 5597 | 0.063 | 5361
Jan-60 52 | 5549 | 5664 | 5434 | -0.029 | 5566 | 5311 | 5380 | 5241 | -0.162 | 5.660
Feb-60 512 | 5463 | 5624 | 5303 | -0.040 | 5.405 | 5177 | 5238 | 5116 | -0.142 | 5.079
Mar-60 508 | 5387 | 5576 | 5197 | -0.047 | 5262 | 5.109 | 5.148 | 5070 | -0.090 | 4.974
Apr-60 472 | 5253 | 5512 | 4.995 | -0.065 | 5149 | 4.837 | 4930 | 4.743 | -0.218 | 4.980
May-60 457 | 5117 | 5433 | 4.800 | -0.079 | 4.930 | 4.650 | 4.734 | 4566 | -0.196 | 4.526
Jun-60 479 | 5051 | 5356 | 4.746 | -0.076 | 4.721 | 4748 | 4744 | 4752 | 0.010 | 4.370
Jul-60 4.91 | 5023 | 5290 | 4.756 | -0.067 | 4.670 | 4.861 | 4.826 | 4.897 | 0.082 | 4.762
Aug-60 5 5018 | 5236 | 4.801 | -0.054 | 4.690 | 4.958 | 4919 | 4998 | 0.093 | 4.979
Sep-60 516 | 5047 | 5.198 | 4.896 | -0.038 | 4.747 | 5100 | 5.045 | 5154 | 0.127 | 5.091
Oct-60 555 | 5147 | 5188 | 5107 | -0.010 | 4.858 | 5.415 | 5304 | 5526 | 0.259 | 5.280
Nov-60 576 | 5270 | 5204 | 5336 | 0.016 | 5.097 | 5.656 | 5551 | 5762 | 0.247 | 5784
Dec-60 6.24 | 5.464 | 5256 | 5672 | 0.052 | 5352 | 6.065 | 5911 | 6.219 | 0360 | 6.009
Jan-65 74 | 7380 | 7210 | 7551 | 0.043 | 7.635 | 7.447 | 7.469 | 7.425 | -0.050 | 7.681
Feb-65 751 | 7.406 | 7.249 | 7563 | 0.039 | 7.593 | 7.491 | 7.484 | 7.498 | 0.016 | 7.375
Mar-65 78 | 7.485 | 7.297 | 7.674 | 0.047 | 7.602 | 7.707 | 7.640 | 7.774 | 0.156 | 7.514
Apr-65 838 | 7.664 | 7.370 | 7.958 | 0.074 | 7.721 | 8178 | 8017 | 8340 | 0.376 | 7.930
MAPE 4.795% 3.148%
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B Coeficient
=== pper Confidence Limit
= Lower Confidence Limit

1234567 8 910112131415 16

Lag Number

Partial ACF

B Coefficiant
=== Jpper Confidence Limit
= Lower Confidence Limit

123 45 6 7 8 9101112131415 16

Lag Number

UM 2 ABLIALINTUYDY I ACF) Uag T (PACF) vasdayasiaeuedudululssmelng

NFUN 2 947udn 1 (ACF) vostoya
1A% avnesTudululseinalneg anadsagng

590157 @21 1 (PACF) lilanaseg1asanisa 3

Ldanunsaasulaindeyaamnduuisdsvinism

! P 1% o a o =
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Lag Number

Partial ACF

™
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=== Lpper Confidence Limit
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d‘ lﬂl o 1 U U dl
mﬂgﬂ‘w 3 LBMINITUINARNNNDUAUN

1 Fevsiudntoyarduamduuns 33vnns

Auadnuuntdululayaun dan1519n 2

1TA8ANS1991 2 ALhEAIAIUSEUIUNITITLNDS

ANEDRANAADUAMULALUISAUVDIAILUY bAWA

MAPE RMSE R? stationary Wa¥ Box-Ljung lng

[

AILUU ARIMA 71 LAUZAUAD AILUUT b AN

MAPE uaz RMSE #i1 Tafan R? stationary g9

wazdlA Box-Ljung 7ilvien P-value g4 lagda

WUU ARIMA Aiadngaulun1sneInsainanan

Toun ARIMA(1,0,1) vil ®a91ndAnUsyun

WdwasiA1 p-value Uopsnii 0.05

A151993 vy ARIMA Mduldldvisnuauaznisuszanaeads

FluU W3 AUszan MAPE RMSE R? Ljung-Box
WISRDT (p-value)
(p-value)
ARIMA(1,0,1) constant 6.683 2.718 0.250 0.914 9.435
(0.000) (0.894)
AR(1) 0.953
(0.000)
MA(1) -0.473
(0.000)
ARIMA(1,1,0) constant .037 2.598 0.224 0.931 17.105
(0.316) (0.447)
AR(1) 293
(0.014)
MA(1) -
ARIMA(0,1,1) constant 0.036 2.528 0.221 0.933 13.433
(0.323) (0.707)
AR(1) -
MA(1) -0.438
(0.000)
ARIMA(1,1,1) constant .036 2.526 0.220 0.934 10.880
(0.277) (0.817)
AR(1) -0.271
(0.290)
MA(1) -0.657
(0.002)
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This research was a quasi-experimental research with two groups measuring the results
before and after the experiment. The objective of this research was to study the effect of
therapy with a Twelve Step Facilitation Program (TSF) on abstinence drinking of an alcoholic
who was treated at Suanprung Psychiatric Hospital Chiang Mai Province. Data were collected
during the month of March - July 2019. The samples were a total of 60 male alcohol
dependence patients were divided into an experimental group and a control group of 30 each.
The research instruments consisted of 1) a general data record form, 2) a drinking record form,
and 3) a Twelve Step Facilitation Program (TSF). Data were analyzed by descriptive statistics,
Wilcoxon Matched - Pairs Signed — Ranks test and Mann Whitney U Test. The experimental
group and the control group had mean age, 39 and 41 years, Readmittion rate 11 and 9 times,
and most were married. Graduated from primary school and unemployed. The average age of
drinking alcohol for the first time was 18 years. The type of liquor that is drunk is white liquor.
The duration of alcohol dependence ranged from 6-10 years. Most of them had stopped
drinking for less than 6 months. The experimental group had a mean percentage of the number
of abstinence drinking days after the experiment was significantly higher than before the
experiment at the. 001, and the mean percentage of heavy drinking days after the trial was
significantly lower than before at .001, indicating that the Twelve Step Facilitation Program was
effective in abstinence drinking. and heavy drinking of alcoholics While the mean percentage
of the number of abstinences drinking days and the mean of the percentage of heavy drinking
days in the experimental and control groups were not different. This may be because the

control group received other forms of therapy. that give similar results.

KEYWORDS: Twelve Step Facilitation Program, abstinence drinking, alcohol dependence
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