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ABSTRACT

The purpose of this research was to construct the appropriate forecasting model for the
number of new students of Valaya Alongkorn Rajabhat University under the Royal Patronage.
The data consisting of 23 values was gathered from the Academic Affairs and Registration Office of
Valaya Alongkorn Rajabhat University under the Royal Patronage during the 1997-2019 academic
years. The researchers divided the data into two sets. The first set consisted of 20 values from the
1997-2016 academic years to be used for constructing the forecasting model. Seven forecasting
methods were used in this research, namely, the simple moving average of three academic years
method, the linear trend equations method, the parabola trend equations method, the single
exponential smoothing method, the Holt’s exponential smoothing method, the Brown’s exponential
smoothing method, and the Damped trend exponential smoothing method. The second set
consisted of 3 values from the 2017-2019 academic years to be used for comparing the efficiency
of the forecasting methods via the criteria of the lowest mean absolute deviation and mean absolute
percentage error. The results showed that the Damped trend exponential smoothing method was
the most efficient forecasting method, with the forecasting that the number of new students had

the tendency to decrease.

Keywords: Forecasting, Number of new students, Damped trend exponential smoothing method,

Absolute percent error mean
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ad o a\ a o
AL UUNTIIVY

nyideaselaniunisasisiuuunensal lnglddeyasunsuial Suiudndnwing wninende

o & Y o & aa = v ° o ¢ ' o

519697 laseainsal lunssususgudus lngldlusunsudnsaguneada edoyadiuiuindnwiluiinn
Mndrdnduasuiviniswazaunsileu unInedesivdgilaseansal Tunssususguiug A
Yn15fnw 2540 D9UN15ANYY 2562 91U 23 A1 (Administrative Affairs and Registration of Valaya
Alongkorn Rajabhat University under the Royal Patronage, 2019) ;ﬁ “alﬁLLUa%aagaaameu 2 %4n sqmﬁ 1
AIAUN1SAN®Y 2540 D9 UN15AN®Y 2559 371UIU 20 AN E1USUAS1IFILUUNEINTA A83TA1snIeadd 7
35 Toun 8Aedsnaaufagnedny 3 Un1sane Fsauniswudldudady Iaunswuildunisiiuan 35Usu
TAssudndlnuueangnadng FsUsulnseudndluuudsasuulaan 35nsvilrssusuumindluuudoa
Y ac ¢ aa 0§ v < a aa v a & 1 =
MEIBUaeUTNIY kagItmsvhlissusuudndinuulsaniivuilduuuuay Yail 2 daustnsiny 2560
falns@nwn 2562 U 3 A1 WielSeuiguUsEansnneeansnennsal tngldinueinensan A1 MAPE

waz MAD 97ign

nsAnwdnwaznnsinfeulnIvasaynsULIAT

msfnwdnuuzmsadulnveseynsunaniumsinsanludesiuiounsmiinauisuas
Tudnwarle fdruusznevvssoynsunailathe wuildy ggnia 393ns wde wanisaliiiednd)
o959 nLNLAINANINSEINBYBIOYNTUNATBURULAY ienumInzanvesnsidenldiSnns

neadRdmiunTilneideyasely (Bowerman and O’Connell, 1993)

nsnadsuLUIItNLUUATIMNY

msvaaouuwlilnuueonanedummedeunliuidmaaeuadifldannsiarsanddan
Tusynsunanfiegludumisiatuiniinnusesiumsuinuieau Tuefiasanitdidann Y, snniivde
Upuni1Adwne Yoy Waef1sLAS e MLNETaINan RS TinTlsuasAdann (Y, — Yi_y) 6197u7u
washaduuanunuansieynsunafiuualiuiu wasdduavinuansioynsunaniuuilivas dvun V
Hudruruadsiindsdrvesdrdanmduuan (Taesombat, 2006) unausesnIsagouLLaliuLUY
widownedidil

1. fiviug Hy : sunsuvabifinwilidy fu

H; : sunsunailunliuduvioad

D

a1

2. dwsuaunsuianruialvg vse n = 20 fadd V dnswanuasussananuuunianaie

\ ~ Y] aa V_H'V - n n a4 Y
py wavdudswvmnasgiu oy iimeseuadn Z = —= e ty = Zuazoy = |- fiswiy
%4

o (9

oddty o faeingd CR: |Z| = Zy 5 81 Zy /5 Hudningd

£

NINARUANMNWUITHUANNNANIARI8ITN1SNATEUVRY ATAAA-Tads

(% |

N15NAaeUYeY ATAAIA-Tada Uu1UszendiunIsNagaUaYNINLIaINIIAAAILUILTLLEE

AL UIRumNggNManselil Maveaeuiiagldddurestoyaaynsunaidndawuiliung nMsnaaeuny

¥
N o

s Tunousmalul
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[

1. midayasunsunaddnwusliuvianue wivsesdudeyasinanainawign (idududu

#1 1) uagliinduisess uasutayannd F9azviiu N e 1 fe I1wiudeyanivie

9 Y

2. AENNAFIUMENUAALLATIUNIGGDN Aedu
Hy : aynsunanlidfinnuduudsniuggnia

H; : sunsunafianuduudsmuggnia

12
n(n+1)
HaTImvessudutayaluganai i ,n; wiudnnuteyaluganian i e n = X7 n;

o  asdaw R? < o
3. fhadanldnaasy H = [Z{Ll—l] —3(n+1) e K unudiuwiugania R; wny
n; Y
4. nmandulanvzeeusunieuiasauudgiunan (Hp) 91 ny < K, K < 5,n < 15 agldnnsng
Kruskal-Wallis wiid1 1; > 5 azldn1s19n1suanuaseruiiaziluladidsassiaeufias (Hy) Wie
H > x§ k-1 (Ket-iam, 2005)

nsAsEidayanieaia

[V ' '
¥ U 6 [ ¥ ! a A

A8nsas1einuunensallunisidenseilafdnei 7 35 lawn 35Aedundeuiiegsdne 3 U
A15An® FFauniswudldudadu FSuunlduanniswisiluan FUsulRss U ndlnuuduasgedng
F3UsulnSsudndlmuudeawuulaan 35n1svin S sunuudndlnuudisaniedsueausnig wazdsnisvi

TASsuRuUB N LU sa Nl TuLUULAL fAalanisieazidensaluil

nswensallaedsaadendauiiagnedine (Simple Moving Average method: SMAK)

\Juisanmensaifiminzaniudeyaiidnvanisndoulmeglussiund viedoyaneuds
S1UBBUMLLLIUEY (horizontal data) wagivsngaufunsweInsaissesdu (short term) N1swennsaiise
agihdeyadiuau 3 A vie 5 A1 wvALRAe fenandeilifunaedeilimdnfumdanaudaz e
Wi dnsusruauddann fismndiedei ihdeyatinmsindeulmannasldsuumdannmn uas

lunsnduiuideyareutrassumsldmdunatesamudidu dmiudiuuu vesdoyanianyaenis

waeulmegluseiua agldnuunall
Yt = ﬁo + Et (1)

de Yy e deyanserrinng w 1ian £, B Ao AIMNTITMEIURIRILUY & FD A1AIIUAAIN

waeu o an ¢ dmsvansildlunisneinsal Ae

s R R o s £ 251
Yig1 = ” (2)

ool Vppq Ao Amennsel s vian ¢+ 1, Y, fle endanevisedoya e ian £, K e Suiudeyad

DRPIRLP Rl RIGYI

asnensallagaunisuullbudaduy (Linear trend equations method: Linear)
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~

sUwuUALNIPR Y =a+bX (3)

[

aeldaumsundsisdl YY=na+hb} X
YXY =aX X +bY X2

dlo a waz b \ueasi Y unu drddewestoyaiiivsivsiunld ¥ wnu Auwuiliuvesdoya X

W anvesteya 1 unu uIuteyasunsuaavin (Ket-iam, 2005)

nsnensallagaunisuulliunistluan (Parabola trend equations method: Parabola)
sUkuvaNnIshe Y =a+bX+cX? (@)

algaunsundisad YY=na+bYX+c)X?
YXY=aYX+bYXX*+cYX3
YX’Y=aXY X +bYXX3+cYX*

dlo a uay b umiaen Y unu Avssesdeyaiiusiusinanls ¥ wiu ewuslduvesioya X

WU avestaya 1 Ui IUIUTBYaaUNTUAMIMLA (Ket-lam, 2005)

a1snensailaedsusuliiseudndlniuuideaadedne (Simple exponential smoothing
method: Simple)

[

Husildndnnisvesnismeadeisvildagliihminaruddyfudoyalminn Ameinsoiay
novauasiutoyalmiidundn wanzautudoyaiiinsdsunlauazaimnildonn lunistagiinue
ihniindeyadiandu o Inglia o egseming 0 - 1 fe1 a = 1 wansiliiwiindudoyadianuadn o
fiendesmnearuindadeyaneinsal luefndundniaglimddadeyadagtu nmsmamensalruinle

91n&@uNT (Theeraviriya, 2017)
Ft+1 = OlAt + (1 - a)Ft (5)

lefl Fryq wnu drneinsadlugasiatdall F wnu aneinsalvesdiwaidagdu 4, wnu

ANUABINITLANTUISIIUYIIET T, @ wnu Anauutnusulseu

¢ ac ° v & ¢ = v ad s , .
ﬂWSWﬂﬁﬂSMIﬂﬂﬂﬁﬂqiﬂﬁlﬂLiﬂULL‘U‘ULE)ﬂQIIWLUUL‘UEJ&@'JEJ’J’S“UENI@&C‘\ (Holt’s exponential

smoothing method: Holt)
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n1svirliseunuudndlnuudeanieifvedeas Tanumuizauiveynsuiaiiduudldudy

Wunsaagliidiuysznauresanuiuwlsnugania daiainisinlnsey 2 67 fe Armsiinisususey

Y93A15AU (Level: Q) wazA1AsfinIsUSUBBUYRIAIAUTY (Trend: ¥) fauuudeuldnsaunisi (6) uag

Fanuunensalideuladaunisi (7) (Manmin, 2006)
Yl’ =,80+,81t+8t (6)
Yeom = a¢ + be(m) %

dlo Y, unu BUNTULIAT & 1381 ¢, B Hag By WU MITITLADITVDIMILUULARITEUEARLAY Uag
Anutuvesuunlty mudiu € unu synsunaveInNAMARAURinsuanuasUnAnazdudase iy
é’aaﬁhl,aé"awhﬁ"uquéuasﬂ’mmmiﬂiaumﬁnﬂﬁ’mnm Y Wit Awennsel o e t +m lagii m
W INTnaidesmsnensalluianth ap war by unu AUsEIn o e £ ves wsdiwes By
way By ANAIAY

Toedt a, = a¥y + (1 — @) (@p—q + bp—y), by = ¥(a; — as_1) + (1 —Y)bs_y, @ uaz y
Wy AAafinsiiliSeu Tnefl 0 < @ < 1 uaz 0 < Yy < 1,t unu 9980 FadAwaud 1 34 n Inedi n

wiuduleyalueunsuianyad 1

msadreiauvungnsailaedSnsinldSsuwuudndlnuwdeaniedSvesus1ad (Brown’s
exponential smoothing method: Brown)

nmsviliBsunuudndlnuudsafeituesusnnd Sanuvszauiveynsuarfisiuualiudy
dunsawaglifidauusznevvesmnuduilsnuggnia wudeadumsiiseusuudndlnumdea ¢eds
yasloas uatnsimuslirnfinisusuBsuvesmssiulazmaiinsUsudouresiauduwiniy sy
p1ananalainnisyinlmssunuud ndlmuwdeanieisvesusuilunsafdewaessnisvinlmssuiuy

[

wndlwuudvameisvesloan fuuvunensalilioulansil (BM Corporation, 2014)

?t+m = at + bt [(m - 1) + %] (8)

Wio Ve wnu Amennsal s ian t + m laedl m unu S1udisnaifesnisweinsally
PNV ap Woy by U AIUSZUNAL U 1387 t VRIWISTNes By way S AuaIRU
I@Ejﬁ at = aYt + (1 - a)at_l, bt = a(at - at_l) + (1 - a)bt_l, a LLnu ﬂl 1A ﬁ
n3vilAseu laen 0 < a < 1,t wnu 919381 Bedeasue 1 89 n,n unu Iuiudeyalusunsuiad
Yan 1
Yy ad °o g ¥ = = oo ]
nMsasALUUNEInsallagAsn1sviliiRsukuULEndlnuuisansinua ldukuuway (Damped

trend exponential smoothing method: Damped)
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meiliiFsunvuidndlmuudsadiuualdunvuiay fanumunganiveynsuaidilid
drulsznevvesnuiuLlInuggNa uazdnsnisfintu (Mioanas) Wasuwlastinimsiiutuwie
anas) vosuwluidudunss faasfinisyliSeu 3 6 fe masiinsuiuSouvesasedu (@) Amsdi
nsUsuiEeuTesAAut () wazAasfinisusuissuvesanuduLuuuai (Damped Trend) (D) 7

[
v

wuunensallleulaesil (IBM Corporation, 2014)
Yeom = a¢ + by Dzt P! ©)

e Vi vy Ameansal s 281 t +m lag?l m unu sruiutinaatiaesnisneinsaily
PN a; wag by wnu ATz ad e t 909 wisdiwes By waz 1 awasu

laen a; =aY¥; + (1 —a)(ai_q + ®Pbi_1), by =y(a; —a_1) + (1 —y)Pbi_q, a,y
way @ unuaipinsiliteulne 0 < a < 1,0 <y < 1uaz 0 < @ < 1, t unu 9291381 Fadlan

Aaus 1 89 n, n unu Iwiudeyalueynsuanyad 1

nswieuiisuuszansninvasAainensal
n193deaselllafnwdTeuifisudakuunensaifimaigauiuaunsuaaidnuIutnAnw lng
wIne1desvdigilageansal lunssususgudud nenisieudisun MAD wag MAPE 91038015

Wensalvie 7 38 duuunensalifian MAD waz RMSE ffian daduduuuifianumsnzauiveunsy

'
=

natyalluiniian tesanlidineinsal Aliauwans1eiuteyaasdesiian Nt MAD uay MAPE

[

(Ket-iam, 2005) mail

100

n

n
Y2

MAD = 232,|Y, — 7| w: MAPE = e

Yt

dle Y, unu Arvesdeyadse a vaan t, ¥, unu Anennsal as vaan ¢, n wnu S1uaudeya

W8aN13398
1. nan1sANEIENMENISIATEUlNIYaRYNTULIAN
31NNFRTUIANBENISAARUlITeIeYNINAaI TR LT AN Il W Inendusvdy

Tlageansal lunssususygudus asuatn1sfinw 2540 §aUn15fn® 2562 91u9u 23 A1 U1U1a379

WHUAINANSNTEAE FININT 1
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Number of New Students Valaya Alongkorn Rajabhat University
3200
3000
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1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23

Data

AW 1 kunIMNINIEEEnYEN1sndeulmveteunsua T uinAnwlul

winendeTuilageansal lunssususyuiun aauwstnisfine 2540 Sansinwn 2562

MNANT 1 eunsuatdwutnAnwilugl anniInendesvdglageainsal Tunssususyudud
Aaustnsfine 2540 Gamsfinwn 2562 F1uau 23 fn aillaiduunlduiavdiuysenauvedggnia
N130539duLIlduAIgIEN1TNeaRUIATEMINY (sign test) MNUAANNRTIUNANLAL TOIRA

Hy : sunsunanbifiuwilify du Hy : synsunanduwndlduiuvions die S1uiuinsesmaneveanieiiiy

v v o w

win (V) e 12 Avdmaaeuadd fe Z = 0.2085 ile yuy = 11.5,0 = 2.3979 ﬁizmuuamﬂzy 0.05

9993098 CR:|Z| = Zy/p = 1.96 WU —Zy/y < Z < Zg ), Iweusu Hy asuldineunsuianlald

9

IRVRYENEY

2. Han1snensallagdsAnaginfounegnsdte 3 Un1sAne

a

PNNTESNMLUUNEINTallagIsARAsAdauag1sdne 3 Un1s@nwlaAl MAD = 373.43 Lazan
MAPE = 16.04 Lilan51980UAMEN ¥UEYBIAIINARIALAGOUIINNITNEINTA! Neduted1Aty 0.01 Wui
ANLAAIALARDY JN1Sankasun@ (Shapiro-Wilk Z= 0.929, p-value= 0.213) dnsindeulundudasziu

(Runs Test: Z = -0.488, p-value = 0.626) ﬁﬁmﬁsmﬁuqué (t = 0.44, p-value = 0.333) Lagil

a 1 L4

ANLUTUTIUAITN Y2998 (Levene Static = 1.875, p-value = 0.191) AatludInuungInalnladl

q
12

ANumIIgaN Tufe Iututdndnuilnd umInerdesivdgilaseansal lunssususigudud A

YnsAnwn 2560-2562 TANUsEUNM 2413 AU

3. HanN1SWeINsallagdsaun1sHu lTULEUAS

(%

INNITASIFILUUNYIN T LAITAUNITHUILLUT AU ALUUNEINTILEAIAIL

Y(t) = 2155 + 18.0143¢ (11)
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dlo 7(6) wnu AmensaiuinAnulniinninendesvdiglaseainsal Tunssususgudud
et t neTBaunisuwunldudu t uny frananfineinsal t = 21 81 23 @nnsfinw 2560 Fe 2562)
A1 MAD = 318.95 MAPE = 14.3666 Lilan519a0UANANYAILY8IAINARIALAABUIINANTHENTAITISEAY
Hoddty 0.01 nudrAuAaIAAEUTn1TLINKIIUNR (Shapiro-Wilk Z=0.96, p-value=0.553) fifiade

4

wirdugug (t = 0.02, p-value = 0.4995) LLazﬁmmLLUiUiaumﬁ'ﬂqﬂﬁmL:]m (Levene Static = 0.575,

pvalue = 0.458) uafinsindeulmliifudaseiu (Runs Test: Z = -2.527, p-value = 0.006) Faiiusuuy

wensainbagalifianumngauioiniiveauufliiduasaunstedeliaisinlunensad

4. wan1sweInsallagAsaun1sultuN1s Iuan

[

nnmsadaiuuunensallagitaumsuuiliunisluasanuunensaluan el
P(t) = 1872.557 + 95.0442¢t — 3.6681¢t> (12)

dle Y(£) e Armensaldwnudn@nwilvi uminendesiwdgalaveasnsal lunssususyudud
a1t Iegdsaunisuuluunisiluan t uwnu gaanariinensal t = 21 89 23 Un1sAnwd 2560 D

a

2562) fiA1 MAD = 319.65 MAPE = 14.22 |ilonsi9aeunndnuaizyeInsnaInadou 1nnsnennsai

v v o

seautud1Ag 0.01 wuIAMLAaIALAdeulinITLINLIIUNA (Shapiro-Wilk Z=0.963, p-value=0.606) i

4

AadswiAugud (t = 0.001, p-value = 0.5) uasiimuuUsUTIASIYNTINIA (Levene Static = 0.015,

pvalue = 0.903) wifinsindeulmliifudaseiu (Runs Test: Z = -2.527, p-value = 0.006) Feiusiuuy

wensainbagalifianumngauioiniiveauufliiduasaunstedeliaisirlunensad

5. wan1snensadlaesuiuliiseudndlniuudeasgeding

InMsasmLuunensallagsusuliissuendlnuudvasg1eite wudn BIC Siauinfu 11.909
wardlenadd Ling-Box Q Miflfedfayfisedu 0.01 (Ljing-Box Q au lag 18 = 25.29, p-value = 0.088) T
MAD = 268.65 Wz MAPE = 11.76\il0059980UAMEN YL YBIANNARIALAABLIINNTNEN N T TITE AU
Fad1dey 0.01 wudrauAaIaAdeuiin1suanwasund (Shapiro-Wilk Z=0.893, p-value=0.031)
finsindeulnifudasziu (Runs Test: Z=0.00, p-value = 1.00) FAnadswinfugue (t = 0.211, p-value
= 0.4175) LLazﬁmmLLUiUifmmﬁﬂqﬂﬁmna’l (Levene Static = 0.008, p-value = 0.929) Fetfuiauuy
wennsaifladanumnzay dufe Suind@nuilmisminendesvdglaseainsel luwssususyuiud

FuAUNSANET 2560 — 2562 SAUszann 1998 Au TneilainsiinisusuiSeuvessssu a = 0.9079

6. nan1snensallagdsnisvinliiSsunuudndlwuudeanieiSvaslaad

nNsas1afkuuneInsallagisnsvi s susuundlnuuideanieisvedlead wuin BIC dan
WU 11.909 wawdlenadn Ljing-Box Q liflduddayfisysu 0.01 (Ljing-Box Q a lag 18 = 25.35, p-value
= 0.064) fif1 MAD = 268.70 WazA1 MAPE = 11.83 1i9n52980UAAENYAITIBIAIINAATIALARILIIN
n1snensaifisziuledify 0.01 nudtaueatmadeuiin1suanuasund (Shapiro-Wilk Z=0.894,

p-value=0.032) #nsindeulvadudaseiu (Runs Test: Z=-0.230, p-value = 0.818) ﬁmm?{amﬁugué
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(t =-0.02, p-value = 0.492) LLaSﬁﬂ?WNLLUiUiﬁuﬂﬂﬁﬂqﬂ‘dNL’Ja’] (Levene Static = 0.006, p-value = 0.939)

o
[

SUUALUUNGIN TN LA LAUAUNZEN AILUUNYINTOILERIAIT]
Yim = 1998.46 — 56.99m (13)

e Yy A Arneinsaldruauin@nwlvd unninendesivigilaseasnsal lunsgususgudud
 an t +m laedsnsvihldSeunuudndlniuudsaniedsuedlsas m wnu Fraa19ne1nsal

m = 1813 @nsAnw 2560 89 2562) a uay y AAyinAU 0.9000283 way 0.0000066 AINEIRU

7. wan1sasneiauuunensallaeisnisvinliiSsunuudndlnuuideadeisvasusnal

nnsasesLuunensallaedsnsyilissusuudndlnuuldeasieituesus1iy wuii BIC
fiaifu 12.081 waziiA1adf Ljing-Box Q lufidfuddaufiszsu 0.01 (Ljing-Box Q i lag 18 = 19.09,
p-value = 0.323) 31 MAD = 277.40 taz MAPE = 12.41 Lﬁamwaau@mé’ﬂwmmmmmﬂmmm?{aumﬂ
n1snensaiiseiutedidy 0.01 wudiauAatnAdeulin1swanwasUnf (Shapiro-Wilk Z = 0.913,
p-value = 0.072) finsideulmidudassiu (Runs Test: Z=0.00, p-value = 1.00) faadewifugud
(t = -0.698, p-value = 0.247) LLazﬁmmLLUiUi’Jumﬁﬂqﬂstnm (Levene Static = 0.061, p-value =

0.808) AITUFALUUNEINTUNLALAIUMNUIZEN FILUUNEINTOILERNIAIT

Pevm = 2224.59 — 257.28|(m — 1) + ——| (14)

0.6106

[V

o Veym Ao Amensaldunuindnulmiumivendesudgilaseasnsal lunsyususigudud
a1 t+m leedsnsvin i sunuundlniuudeaniedsveusig m wny ¥rana1nnensal

m=19833 @nsAnw 2560 99 2562) @ HAWINAU 0.6101

8. wamsaseiauuunensallagdsnisinliieusuudndlmuudeaifivusliuwuuway

nnsadeFnuunensallaedsnsvlissunuusndlnuusaiifuwalduuuuuag wuii BIC
fiawwinfu 12.081 wasiianadf Ljing-Box Q lufldedfeyfisesu 0.01 (Ljing-Box Q o lag 18 = 12.281,
p-value = 0.087) &A1 MAD= 264.5 Way MAPE = 11.59 Lﬁamwaauqmé’ﬂwmzﬁuaam’mﬂmmﬂ?{aumﬂ
AsneInsaifiseFuadfny 0.01 wudn AduaaaAdeudin1suanuasund (Shapiro-Wilk Z=0.901,
p-value=0.043) finsiadeulmiiudaseiu (Runs Test: Z=-0.23, p-value = 0.818) A adewifugud
(t = 0.004, p-value = 0.4985) LLazﬁmmLmiﬂiaumﬁnﬂﬁ’mam (Levene Static = 0.002, p-value =

0.969) FITUALUUNSINTUNLATANUNUIZEN HILUUNEINTOILERIAIT

Yiom = 2238.95 — 451.22 Y™ 0.5531¢ (15)
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Abstract

This research is to study laminate glass production process with the emphasis on the analysis
to determine appropriate number of labors. The objectives of this research are to increase labor
productivity and overall labor efficiency, and to reduce labor cost. The research process started with
studying the production process and number of labors in the current situation in order to find the
standard time and the production cycle of the process leading to the calculation of labor
productivity, the overall labor efficiency and the labor cost before process improvement. Then,
industrial engineering tools, namely, the multiple activity chart and Yamuzumi Chart, were used for
considering work load of each employee, resulting in reducing the number of labors. From the work
performance process analysis, it was found that the proper number of labors in the First Load and
the Splice Room were 2 and 3 persons, respectively. The number of labors was therefore decreased
to 7 from 11 persons in aggregate. The study result shows that the labor productivity and the overall
labor efficiency increase 57.14 percent and 17.01 percent, respectively, and the labor cost in the

laminate glass production process decreases by 581,250 baht per year.

Keywords: Industrial engineering tools, Labor productivity, Overall labor efficiency, Labor cost
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2 wieuenszanansadululfein 5.18 1.19 6.17 14.00% 7.03
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The Optimal Selection of Distribution Model with Mixed Integer Programming:
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Abstract

The selection of suitable product distribution model leads to the reduction of transportation
costs. This research aims to study the suitable product distribution model with the application of a
mixed integer programming model. Data from business partners of 30 distribution business cases in
the Northeastern region was collected and analyzed by the mixed integer programming model.
The LINGO 11.0 Program was applied together with the analysis of low transportation costs, including
fuel cost, storage cost, truck driver wage, depreciation cost, and truck maintenance cost. The results
showed that the problem of product distribution was that of NP-hard problem because there were
multi distribution centers, multi customers, and multi-truck sizes. The researcher therefore proposed
the proper distribution model by the application of the mixed integer programming model.
The experiment was conducted with five sets of data on real production demand of the case study
business. It was found that the generated mathematical model was accurate, which enabled the
case study business to select the suitable beverage beverage distribution model. As a result,

the transportation costs decreased by up to 72.85 million baht per year or 58.90 percent.

Keywords: Product distribution, Mixed integer programming model, Multi truck sizes,

Transportation cost, Direct shipment
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ABSTRACT

The objectives of this research were to develop an appropriate website for Japanese
language skills training for employees in frozen food processing industrial factories in Lop Buri
province, and to evaluate learning achievement and satisfactory of users of the website for Japanese
language skills training. The research sample consisted of 52 employees at the foreman level of the
B. Foods Product International Company in Lop Buri province. The data was collected and
statistically analyzed using the mean, standard deviation, and t-test. The results were as follows: (1)
the developed website for Japanese language skills training for employees comprised 4 lessons:
Japanese for the Beginners, Parts of Chicken, Processed Cooked Chicken Products, and Japanese
Culture; the efficiency of the website was at 81.70/83.63, which was higher than the pre-determined
criterion; and (2) regarding the evaluation results, it was found that the website users were satisfied
with the website at the high level in all aspects including the aspects of its functional work usage,
its efficiency, its reliability, and its responsiveness to the website users; as for the learning
achievement of the website users, it was found that the post-learning mean score of the users was
significantly higher than its pre-learning counterpart mean score (X = 25.09, t = - 9.295, df = 46)
indicating that this developed website for Japanese language skills training could significantly
increase the users’ Japanese language skills at the .05 level of statistical significance, which
responded to the needs of using Japanese language in communication for employees in the

industrial sector.

Keywords: web-based training, Japanese language skills for employees, frozen food processing

industrial factory
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1. dewmuivleddmsuiineusufivunzaudunisilininwzarerdudmsundnaululsenu
anamnssuwlsglemsutdenudsluandminany3

2. iewwadugnduasaufiswelavesliivleddmsuiineusunsiniinvenwnddu

AUNAFIUNTIAY

1. Aulgddwiufnevsunmsiiniinwenwidduiianuduiudideuindunisimurinuvenisdeans
YOINTINITU

2. gliivleddmsulnausunisiiniinwenwdUuiiassu duadugnininiseunduseugs

N o [ [

A naulssusgalivedAn19EafnsEaU .05 waziianuianslauinseiuleddnsuiineusunisinyinee
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Mwdu

YDULVAVBINISIAY

[V
[

1. oy udeyailflunisfnwdudunuideasivsenevdeionasnisu o qie
mMsvienveshendnuesuiem Tilad Tusind Sumesiuduiua i1 Swminany3

2. Usznnsildlumsideussneuseihmihanrondn veslssnuemsuussuusifonudaism
T flnd Wsdind Bumosiuduuua $1in Sswinanyd $1uau 120 au (B. Foods Product International Co.,
Ltd, 2018)
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3. segnnldlunmsidevseneumeimihnuiendsavedlsauemsuussudidonudauivm

=

Ufod WWadnd Buwosiuduiua 9110 Janinanys 91uiu 92 au in1sAnwRwiUSyaestull Tnedy

Y 9

8199819988 IoIUaaIN

o

NIOULWIAN LAY

Tun1539i§ifuldsmuansovuuinlunisifelasordonguininisuivesnsounia
(Cronbach, 1962) uausanmnsaiiineliAnnisdsudvesyanaitsznoudedifudu 7 du fo
an1unnsal Anwagdszddvesyana wWhene msulanumeng nmsasileonszyi nailésu UjAzense

ANNANMIAIIBISTEUUTEAUANNAUMATIUNTUEIIM AN

N N

! d w - o 2 o
dNNUINARY, fananands nsidaniunng| LaaNNTENIENN AN
o o W A o L%Ul‘?]ﬁ’é’]ﬁ%il ] ! ° $
Anuazdszanda F19l8%uan B ST dnaziilugidmung
— Nﬂa‘ui&l —U a =
VNUAAE D0 A A LLaglﬂﬂﬂ'J']llWQWEﬂﬁ]
] , N13L38U3 (\p3asiiadan wazitnla

S o a

(@3nUsznaUNdl Tumsiadule) (nMsandulaluds

thu’lunﬁéfmﬁu‘la)/ Q%Wﬂﬁﬁ‘]’ﬂﬂ"li) /

AN 1 NSAULUARTIUASIVY

Mnanideladiesduszneuifidlunsdndulanenisldarsaumeavesildnuivleddimsy
Aneusumsiiniinwenwddu laun anmwindey suudednvasdszindveslduiazynna tnedidd
mandeinaglaannislduivleddmdvlnevsunistniinee arwddu wgaslunisuinisauuas

andulalunmsiauineenisdeasnndyuvesminanulilinunueivesusasunsey

ad o a a o
0AUUNTITIY
nsdesesliiuuamilunsfinwuszansnmeeaivleddmsulneusunisiliniinwea v gyu

Tngmaihdeyaifeafiunisudndasiemsupanudibenidedmeent 13ASIZR 1UNY UATOBNUUUTEUY

=

wialulagasauma auszideuisnsiduaziaun (Research and Development) #einszuiun1sive
wagimuduil 1 Wamnduuuy Juil 2 neaedduinnsy uastudl 3 asunanmidouasiam Sou
o0 Tngmsarsfunuuuinnssy asvaouLazyiulduLuLIanssuegsieiiles (Document for
training, academic research and development course Sukhothai Thammathirat Open University,

2009)

erry7 /5’836’7[]4 1unuU FIUSSSIU
Intellectual, Professional, Cheerfulness, Morality

55



onsansASUNUUSAAU adudnenAansia:inalulad UR 12 unsiAu - Sud1AU 2563

Sripatum Review of Science and Technology Vol.12 January — December 2020

LUULAUNTSIRY

[y

raveldn19I B maass FudunsIeNAumANaTe meASn1sniainendians (Documentation

Y

for basic education research courses Mahasarakham University, 2011) Tuﬂﬁjuﬁaaéwa%uﬁaﬂmﬂﬂeju

Useannsinelnu

NENM

Us2aNsAIN \\\\\A PNAFOUNR

Usevng PRI NGHY) /////'
NANNAREY

AT 2 UNUHILAAINTITNARBILUUABINGUNARBUNAY

UseNIuazAI9Ens

Uszmnsildlunsideussnoushemihnuiendn vedssnuemisuussuudidonudaion ©.
f{nd TWsknd Bumesiudunua 91 Sanfnanys $1uau 120 au dintsAnwdausUIyynsTull (6.
Foods Product International Co., Ltd, 2018)

feehsildlunsiseuszneuseivihauihenanvedssnuomsulsgiuiBenudeuiem 7.

Had WUsand Buwesiuduuua 91a Jmdnany3s 91uru 92 au lngdudlegreegradnglagisduaain

Y 9

o a

Andunismumssdmsuiiarsanvuanguiieg uaumssAuzveuaiaitaziasLny Aisziunnudedu
Jovaz 95 (Krejcie and Morgan, 1970)
wnsasiianldlun1side

[V
v A

i3esilefldlunsifuassiusznoulude iuleddmiuiineusumsilininveawidiu wuy
Ussiiudnwazannivledduiuiineusunisilniinseasdiu wwunadeuianadugninisnaiioud
wazuvuUspiduaaianeladuleddmiviinevsy TaefineasBonduielud

duladdmsufineusumstinvinuznundu Ssdidemusznaulugreminitudald dwiangi
Tlulssan duunarguissloanudduiiinmululsanusu suussdusionns trevsnmugasieg
ails ammadeulin desszney Fniauaievuuuasu (Tutorial)

wuunadeuanaduguiniansFeud Afelddudunsaauunaaeuainnisinszididw
d1uru wagguustloanmduiinululssnu Wedunisinuansevlassairadomiazanutn oy
Tassasademazdosdiauasudrumuiildtmualy anduiuvuneaeuianadugninianisdeus
mwdluauesiofifernyiensasoununin udnideunnses douusidilaiuluudlouasuFulgdls

anAeg
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mMaiusIuTIudaya

NuATelupsilauduladdmsulnausunas 1T uinn1snaasst U ntn Ul ondnueelseau

@ [ [ a o

g msuUsgludionuds usew J.4lad Tsdnd Suwmesiutuuua d1dn Yaminanys 9w 92 au e

3

'
£ U a VA v o a

mwvinwen1sldnwduu luduidn duiuwazusslen lneneunididesniunisiusiusiudeyatiu

ya o a Y s 1 1 v 1 ) [y v & L% 1 v 1 [y ¥ v
N'JR]EJSSU’]EJW]?I‘UL’JU‘I‘ZW]LLﬂﬂZjiJ@YJ@EJ’NLﬂuL'JaW 49u¢ ag 25 AU MaamﬂuﬂwﬂqumammauﬂﬂLmﬂsn

u

duleisemueaiusvezna 1 ey Wefanmsmeasddivlsddmivlineusy YirnanzuuuiineuiSeou
(pre-test) wazndaiFou (post-test) AlelUTiATZitoyaMNEAR t-test WU Independent Mwadugysves
nsldivleddmsuiineusuannguveass ngudlegrsituuulsziiunnnuiisnels Nt uangwu
anufiawelafildluiinsizsidoyanisadia

nsAATIEvitaya

'
a0

adanldlunsieseginnugndesentomarundUuluivleddmsuiineusunwgUuiaziuy
Usziluaudnvasveaivdmivilineusunwduuuszneusieadanldlunismainuasiniuion

aiunisldrdviiaugenndiessenindomauiuinguszasd

R
IOC:Z—

'
a0

adantglun1siesizvuseansanvesdvleddmsudnausunwddusinlagnisuiusyansaaw

yoswvumsiduaruuuedsvesnauiedsiinaugnanmshuuuneaeussieSouAnduiesas (E1)
X
E, - L x 100
i A !
warUszAnsanvemasnsiluasuuunfereinguiiegisineugnainnsyuuunageunaaseufnduios

ATLUUNAFDUNSAS WYY (E2) Mb9a1nn1sisemnainele 80/80

IF
E,- X x 100
) | B
atAfiugu Ao ARy wazATeuaz (Pannee Leikitwathana, 2550)
= %X
¥-22
N
g S T(x-%)?
memAdudsnuunnigu - S.0.= |22

adfSsuiflsunadugrinamsdounouFounasviaSeusoiudmiviineusumudiuligns
t-test (Dependent) (Leikitwathana, 2550)

>.D
Nz -(Eof

N-1
8T ININITHAUITEUUYNARISNTB SDLC (System Development Life Cycle) unld
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o
v [
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v o ¥

1. TumauMTIATIENTEUY (System analysis) H33eviAainlanssuIunsanamswlssuves
Tsanudsdseanluduszmag Uuannguimsuasintauiliieides nuuaaeuniuguims i
fedgymlumsdeansawguuivand udmanudesmnislunisimuninyensioasnngduiiediu

uupnguitmneduimihauihends dusuldveasuesediodde

M 3 augITeUsEyNsImAuTINAULUIINS uagnthauvedlsenu

va v

2. TUMBUNNTORNLUUTZUU (System design) fRdedniiuniseonwuuiiuleddmsuiineusunisiln

inweniwdJuassdiuddy Usenaumigdiunsn vin15eenkuui@antinf (Functional design) Lo

\Wlow (content) TlogluiuleddmsuRnnwndUu siufadedeudmsulduszfiugiuau 30 do vauzideaiu

Ya o

AideeenuwuuUszdiudnvazauninvetiuledudni iddevginsussfiuamduianuaenades

Ya v o

seninadornunaz Ingusease (Item-Objective Congruence Index : 10C) A1nTudIuNa03433811N13

panuuULunAila (Technical design) Wuisudnsuldasraivled wazdnvanesvesavaaivlad

(Program design)

Start

Yes
| ] | !
Pre-test Jap:.anese Post-test Link web
Unit 1-4
] | ] }

Yes
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3. TuABUNIIALLUNITIZUU (System implementation) ¥ te1aya wagn1nde Awadeuln
NIDLENAITINNNITIDNLUVLIWAIUNTUSTUUAITAUNA UL 1N1590nkuuLIeulusknsulaeld

AMruRImasaelUSWASY construct? NatunsaasianIndandlsogiasinisa

muil 5 mstuiindssmdniangg asdulsddmsuiineusuinvsmundiu
4. JupeuNIVAFEUIZUY (System testing) {Rdevinnsvaaeuivleddmiufineusunsilniines
MwgUu 3 52AU Laun Unit test, Integration test wa System test
5. FUABUNTHARNIIUSEUU (System production) Wunssuiunsdiivleddusutlneusunisin

VinwengUuisinunmageusdalUldiungudiedn

mMwi 6 msnageuiuleidmsuiineusunsiiniinvsanegu

6. Junaun1sUTuUTIRUATEUL (System maintenance) Mendsainfidnistdnuivledininys
MUy wundsfiglassamsdrfamdiivleddranasusnnihsnuluiuiing wazs@uluiunga
AuzITeihnmsUsuUgdeRanannsdndeiuledlainnuades wasdsuwidaanuaiusalunisienuy

< 9 o % 1Y) Y gy = o o o < o
v luniinvenrngUulisessunisidrldnulunnuniSewvesimineu  wazdSuuseiviindinue

MwgUulviiuseanamunniusaenyisiarminive
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Aulednstiniinvenugdu fuszansnmseninadew/Jssdnsammvdaieuwiniu 81.70/83.63
wnefadiseuiuszansamsenindoularndaseuniuivleddmiufineusuinuenwduu gsndnael

80/80 Auladannsathluldifinuszansnminweaendiduld

A15197 1 wansUssiulszansamiulesduiuiineusuinweniwdlu

UIITYY FEnITYY GNERE

AYLULLDRY Sovay AYLULLDAY Sovay

47 Ay 24.51 81.70 25.09 83.63

A19197 2 wansUseluUsEanSnnssninaieulasnduseurinve g uurnuiuled

E1 (US¥anSAnseuminatsew) E2 (Us¥anSannaatsgy) WNaUgINSUSEAIU

81.70 83.63 80/80

2. nan1suszdiuniseensuivleidmsulneusuiinveawduudmiuniney wuinddniunis

ausuinwenegUulaeldiiuled Japanese is easy fianufisnalasoiivled aglussdumnnnaiu visinu

a

laduresnsldnuiuled Ussaninmveaivled anuindeiienilneivled waznsnevauereofldiu
I3 (3
Vulas

A5 3 wansuseliuanuianeladuleddmsuilineususinue nundiUy

]

44 s AU
EHNTIEHE] X | SD. -
ANuTanela
1. Hetuvaensldaudulad Japanese is easy
(1) anailaigaenlunistdendeyaluiulesd Japanese is easy 438 | 51 1N
(2) Hledusngg vearivled Japanese is easy Tdnude 444 | 45 1N
(3) Uusineq vuntiaeliules Japanese is easy fufjisenausnauidlofldldu 4.36 | .49 1N
(@) Viules Japanese is easy Seujienonisunsasioly 4.46 | 45 1N
2. UseanSnmvaaiuled Japanese is easy
(1) dledeudayaluiules Japanese is easy miaefinsausmeuluiiui 4.47 | 42 1N
(2) Yulsieuuzi ludules Japanese is easy a5unedaaunasidlalaiud 4.54 | .44 WNAgn
3) Lifimswganisihuvesiuled Japanese is easy vauzviinisldanu 4.53 | .44 WNAgn
3. anulnPeiefifideiulud Japanese is easy
(1) emluusazniiaeluiuled Japanese is easy auvsauazgndownunanliensal | 447 | 42 nn
) mdwiusazAluivled Japanese is easy INNEaNATITUNNUTENOUANAIIN
@ 414 | 44 41N
Wuase
(3) Tuduled Japanese is easy Welssuuvlaunmilsnds wmnnduundeulnidnass uay
o " DR ] v o oo & 4.43 44 41N
uuuneaeulnl deslinadndmilouduiuiiseuluasneu
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A15199 3 (A1)

4 A4 A JEU
LIRNUsEIaY X |SD. -
ANuTsnela
4. msnauauaiafldauiules Japanese is easy
(1) ules Japanese is easy Weanuadnsgnseanudayadoudild 4.46 | .45 1N
2) defldau lddoyaiawain iules Japanese is easy aviin1sbinanaunduungldanu
A a45 | 46 n
gneeueiiols
(3) anun1saliineg usavumSeuluiulesd Japanese is easy nouausssogldauriann
S e 446 | 43 41N
wazideeeetnay
=
aunawalalagsau 4.43 | .46 1N

I3

3. wan1sUsziliunadugnsvesiseumeunissuvuivleddmsuviineusuvinveawigdu wudn
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1 a

ALBUULRAYIINNITVINLUUNAADUNA NS 8UTAINAU 25.09 TANEININALLULRASNDUSEY WalUSauwigu

Y

AULANANKAFUG NSV S UlneAAD UMY t-test for paired data Wudrda1wvindy -9.295 Asesy

A1YALEAINRANEIATDINGURIBE11INTU 46 (df. = 46) wandliiuinivleddmiulineusuiinue

PN [ YY)

Mg UunimnIuiliinaviligidievsuiivinven s Uuingauegaiivddgnsaiiinseduivdday

g
0.05 Firsuniseusuiiaauianeladeiivledyng anu Mailsdduvesnisldnuivled Ussdninmees

=

< Iz oA Ao & I3 P ' P < I3
Auled Anuundetienineivled suluisnisnevauesiagldanuiules

M15°99 4 nsSsuiisuradugninenmsiteuneutasndinisissumeivleddmiuilineusuiinuey

A
$79N13 AZLUULAL < S.D. t D
foulsay 30 20.06 2.97 -9.295* 0.000
NATEUY 30 25.09 1.94

*p < 0.05

ayuldinavleddmsunisiniinezarwiduuaessndnauiivauiduaiusadrluldidy

[
1Y =

AUIYU

v 3
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s¥eU 0.05

anUseNa
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1. afuseranITemuingUsvasaden 1 nan1s3delupselialiiiuiingudiegneseduimiinau
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2. eAuTeran ITeauingUszasdden 2 Vuleddmsulineusuiinvenrsguuiniamundu

Winadugvdvesfidneusuiivadu idediuiniannnshimuuziivledneunigldazlufindenuies
AlalaRnieus waziungfnssunisldaureaiiouniviiousy eanszduliAnanudslanalnduegi

590157 @9nAFEINUNANITITLUDY WAFUNS WILLAS uazUgUa WnwIaTIviuIyaRnoususaulaliiy

v
== o

nsieuskuUiidus annsaRawradugnsliiaduiugsun1silineusy (Promdang and Thepnuan,

va v @ '

2018) Tudnwdgliiulediauimeladedvled fideduidunamanidemiegludulsfidudeyad

Y

Wetesiundnaulagass Failanisindusienuesinusylevl daennqesiuauidevesauuuy
s inuiweundiedussudnundiuieduaiuliionsiteuslaess wasdudsslenilunmsmuniu

unissumenueslmdungei (Marayart, 2014)

VOLEUDLLUY
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[V V]
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ABSTRACT

The objectives of this research are (1) to develop a prototype drone for monitoring forest
fires using deep learning techniques; (2) to develop an automatic system for detecting the forest fire
images; and (3) to develop a warning system for a forest fire. The research process comprised 3 main
steps. The first step was the preparation of images for processing. In this step 100 forest fire images
and 100 non-fire images captured by drones were collected. The second step was the taking of the
collected images to be used as a training set for training the system by forming the deep learning
models using the Tensor Flow library for detecting a forest fire. The third step was the result display
step. The research sample for studying the satisfaction with the model consisted of 5 experts
and 27 general users. The research tools were (1) the application for forest fire detection, and
(2) a questionnaire to assess satisfaction. The statistics used in this research were the accuracy index,
mean, and standard deviation. The results show that there is 100 percent of accuracy for the non-
forest fire sample image set; for the sample image set of forest file, there is 90 percent of accuracy;
the accuracy for outdoor detection is 80 percent; and the result of the satisfaction assessment by

the general users is at the high level, with the satisfaction rating mean of 4.13.

Keywords: Drone, Forest fire, Deep learning
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svoglnatiieUssifiumituilunlifigninlungiudinaiiufiviey$ne (Academic Division of Forest Fire
Control Division, 2011) Ssn1siAalitnduuiididindldenialdinlnsunnvaslunisdrsg Tasu vl
UAV (Unmanned Aerial Vehicle) 3o o1magulfauty flanunsaniuausyzinaldfeslunlidul joa
asfaldmuiigaiuguiesns wdddnmsilasususzgndldadivarinmans sudlsuanuiouegig
uWIvATBLEY uduNITNYRg N1sTudTRiuimaadesiosne sutsdinslilasunussgndldiie
afegudeyanvuinaesasaumaoimsamivnuanUnenssuduiies (Boonlua et al., 2018) sagiguriu
nslilasurinisfudrsafuiifalionlutiagsu druaulasuasduthiieusunsundonnsaaaouan
fdmuaslasununmilit faavauaginisudsisanindalit idatdiauau i g dudi
Al Fsffaruaulnsudissnssnsinaeunmnsifnliiinaeanarindnsifelwididalmutide

=2 a a

A15USEUARALUUDAIUTRFBAALUIAATN TN WISz UUNa 1 NIsans1adaun N inU laonluliAlae

=

n1sUszgndldinaianisieusidedn (Deep Learning) 1111938 tneszuunisieuiidednilussuy

Y

AouIwaTIaInsaReuiTaya iednduladetaymisiieg lamenues viliaunsaussuianatoyadnuiu
o ¢ < a I o = 1%
1n9 lalaglduseleminnanuiiveinisusznanavesreuiinmeslugalagiu dslunsiaunnisiseus

WJean deultlausnsveanuwasing (TensorFlow) Algauladne

v
[ Y

Aty I3pTauunfnlunsiausiusuulasudmsunsiaasunsiialiin Inelvlasudunsivasy

=2

aumgafiialiUalagnlud@ lnsldndnnisussiananiniemaiianisiseusidedn (Deep Learning)

Hruneundintuvugunsalindeunnldszuuujianisueunsesd uazadraszuuiioudanoulviiugldlv

'
=

lgsudayanisiialilin ieaunsansivaeunsifinlniildegesanss duvied uwlluiunidndaldenn

L

ngUsTaIAuaINISIVY

[ £

1. Wewmwsusuulasunsaasunsia bl lagldmaianisseuiiddn

2. WiaiaunsEuunN1snsIaaaun iU laonlugls

Aa Yo

3. Weauszuunmsudnsiounsina WU luiuanddelaeintazaunsauwnlamlaog1siuriaei

Jryryn 1899670y 10NUIU ANISSSU
Intellectual, Professional, Cheerfulness, Morality

67



onsansASUNUUSAAU adudneAansia:inalulad UR 12 unsiAu - SudiAU 2563

Sripatum Review of Science and Technology Vol.12 January — December 2020

NELAzIIUILMNEITY

1. 1159539U1 (Academic Division of Forest Fire Control Division, 2011) Nd@1731 A15H$33%0
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Favnduau 100 Mwazgnuisesniiu 2 @ fo amiiiunléfinaouszuu (Train Data Set) $117u 90
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stripped_retrained_labels.pb

orflow# python tensorflow/examples/image_retraining/retrain.py \
files/bottlenecks \
teps 500 \
/inception \
X les/retrained_graph.pb \
> -—output_labels=/tf_files/retrained_labels.txt \
> -——image_dir /tf_files/images

W tensorflow/core/platform/cpu_feature_guard.cc:45] The TensorFlow library wasn't compiled to use SSE3 instructions, but these are aval
p CPU computations.

W tensorflow/core/platform/cpu_feature_guard.cc:45] The TensorFlow library wasn't compiled to use $SE4.1 instructions, but these are al
up CPU computations.

W tensorflow/core/platform/cpu_feature_guard.cc:45] The TensorFlow library wasn't compiled to use $SE4.2 instructions, but these are a|
up CPU computations.

W tensorflow/core/platform/cpu_feature_guard.cc:45] The TensorFlow library wasn't compiled to use AVX instructions, but these are avail
CPU computations.

Looking for images in 'fire'

Looking for images in 'none’

100 bottleneck files created.

: Step @: Train accuracy = 59.8%
: Step @: Cross entropy = 0.635091
4793: Step 8: Validation accuracy = 51.8% (N=180)
Step 18: Train accuracy = 95.0%
Step 18: Cross entropy = 0.395801
Step 18: Validation accuracy = 100.0% (N=188)
Step 20: Train accuracy = 92.0%
Step 28: Cross entropy = 0.333366
Step 28: Validation accuracy = 98.8% (N=108)
Step 30: Train accuracy = 98.0%
Step 3@: Cross entropy = 8.241551
: Step 30: Validation accuracy = 100.0% (N=188)
2019-01-27 €3 786: Step 40: Train accuracy = 97.9%
2019-01-27 €3 : Step 46: Cross entropy = 6.218886
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ABSTRACT

The objectives of this research were (1) to analyze factors affecting the implementation of
architecture framework for electronic transaction documents interchange using Block chain
Technology; and (2) to analyze the goodness-of-fit with empirical data of the developed structural
equation model of factors affecting the implementation of architecture framework for electronic
transaction documents interchange using Block chain Technology. This study was a quantitative
research. The sample was selected based on cluster random sampling. The sample of this study
consisted of 500 electronic transaction users from 20 ministries. The total number of 500 copies of
a questionnaire was used as the data collecting instruments. Data collected were then analyzed
using structural equation modeling (SEM). The results of this study indicated that the most direct
influential factor for implementation of architecture framework for electronic transaction documents
interchange using Block chain Technology was the strategy/policy factor, followed by the technology
factor, the society and culture factor, and the semantics factor, respectively. In contrast, the most
indirect influential factor for implementation of architecture framework for electronic transaction
documents interchange using Block chain Technology was the society and culture factor through
the strategy/ policy factor, followed by the technology factor through the semantics factor, and the
strategy/ policy factor through the semantics factor, respectively. In conclusion, the strategy/ policy
factor, society and culture factor, technology factor, and semantics factor were factors influencing
the implementation of architecture framework for electronic transaction documents interchange

using Block chain Technology.

Keywords: Block chain, Architecture framework, Electronic transaction document interchange
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Keretho (2014) diausnseudmiunmsifendedeyanienunniguasniagsna (G2G, G2B uag
B2B) lu Single Window Planning and Implementation Guide, UNESCAP/UNECE fiusziiunsiE@uensou
unfamsidenseteyanuudniaieremmaien dalassadeanurmesenidu 5 Ussifunande Usziiu
Fesshiuirdeussia Ussifutlads 4 Ussmsivszauannudida fiannudedizuvesszuunisliuinisuuy
daafadumuiwiedlngszuitmhsnunaiganusemaidniuliies dulussfunindvie
NYNA

Gem (2017) wag Tierion (2017) nanviuwelulaBudenldinaluladnsBusuimumanstunou
(Multi-Factor Authentication: MFA) suufiliglévinnisdusu mnudnads nsdifléaududuiiives
sufudndusedldfueygnaniiwesimiuig ieviliteyaiirnuUasnsiogs Wsda anauidelsd
nstmalulaudenulunisundesdoyadiuduaziiusnwdeyavesyana wusluniourideyadiusm
fusuulddesondadianas

Ya o v

Meijer, Middendorp, Raes and Tubbing (2017) 1a3d8hasWauIss Uy e-Passports ﬁi%‘izuu

e

a = a
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A9 UN159Y
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AIdelagudietgneiieonisduuuungy (Cluster Random Sampling) 310 LH91UTINTIUATY
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nquil 3w mini feyaradiidugliuinisuiuanan1euenaInNTeNsie Nsy MU

Y 9

WgIU89vaIUsEINAlNg
ww3aedanldlunisive

delaaseuuugouniy (Questionnaire) LUUNIATUTZUIUAT 5 T2AU HIUNITATIVABUIN

e

Wenwey 5 My JA1 10C faws .60 8 1.00 dannuidesiunsaty (Q-Coefficient) windu 0.82

eXe

mM3iusIuTIudoya

2

Aidednilunisiiusivsindeyameiniesdiondunuvaauniudmisad 1 \unisifusivs

[ ]

Joyauuunisguuungy (Cluster Random Sampling) WanLuu#@UAINTININNA 700 2ty ddneou

wUvaERUAUN&ULLazltlaase 500 atu Anludnsinisneundunsesas 71.43 dednduruinsiegisfio

Y

' ¥
v aa o [ o 4

Tusgauiadmsulalunisiteszilunaaunislassadne (Comrey and Lee, 2013) v13il lavin153LAs e

Uadeddimasensovandnanssunisduilasuenarsgsnssudiannsefindniiuszansninuaziiung

Unensagenemalulaguioniyu

nsAATIEdaya

m'ﬁmiwﬁ%a;&aL%Wis%’ﬂﬁmmmuaaummﬁLﬁummﬁmLﬁul,?imﬁumﬂ%muqiﬂﬁu
idnnsefindannvtihsauniafy 20 nensie lngld Arfesar Aade dudsavuiinsgiu felua
aun1slaseasa (Structural Equation Modeling: SEM) w1um1anisldlusunsudniagy LISREL §3deleiun
Adnsnauniansandudiade Mnasiiansanilunadivautudulunaiilaseduesiauaonndos
futeuaiBsuszdnuvielsl ogls inausinnsusdliuves Hair wagaais (2017) fdnudadadsioluilfo
fadTanaduun@ (Normed Fit Index : NFI) aasilanlaitaendn 0.90 dafitaseAualnunaunay
W3gulfisu w3e CFl Asiailddesnin 0.90 avdinssaumnunaunau wie GFl aasiailiddesnin
0.90 fufiinsyiuarunaunduiiuiund vie AGF aasilanlddesndn 0.90 fadarnunainedeuly

A15UTEUIUAINISITADS ¥SD RMSEA Aasiialaliy 0.05 dnsd1usenineaaladwAIsAoaIA19dsy

(x%/df) asienlaliiu 2.00 (Hair et al, 2017)
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swds| A1 | A2 | A3 | B1 | B2 B3 | B4 |Cl |C2|C3|Ca|C5|C6|D1|D2|D3|D4|EL |E2|E3 |E4 |E5 |E6 |ET
AL |1

A2 |587 |1

A3 177 427 1

Bl |36 |46 [237 |1
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B3 [.207 |37 |.24™ |.437 |.38™ |1
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Cl [20™|.24" | 227 |.23" | 227 |.287 |53 |1
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D3 |.10" |.10" |.07 |.08" |.08" |.14™ |.09" |.08" |.07 [.197 [.19™ 28" | 27" |.37™ |.53™ |1

D4 |247 | 237 |07 |317 (127|227 (147|157 |.02 |-05 [.01 [.167 |23 |.117|.267 |.447 |1
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E4 |327 |32 |28 |23 |-01 |.147 |.197 |.24™ |.13™ [.01 [-.02 [517 |28 |-05 |.217 |.16™ .27 |.117|.297 |.36™ |1
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*p<.05*p<.01
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. , Aanudanadasnaunfuiudayadelszing
Al \naual — T

neauliuluiaa nasSuluea
xr - 119.81 80.50
af - 98.8 88.00
X/ df < 2.00 19.81 0.91
p-value > 0.05 0.01 0.70
GFI > 0.90 1.00 0.99
AGFI > 0.90 0.99 0.97
RMSEA < 0.05 0.05 0.00
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YSuud (AGF) fanvinfu 0.99 silfdsassuainnumaiamaouy (RMSEA) 141nna1 0.05 tHunisdudiuqn

TUAANUSIIAANUFDAAARINUTRLALTIUSEINUABIYINNSUSULN LULAE
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a1 1
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v v o w 1

wuNdsEaudpdAgywiiu 0.70 nunganuIngluuuanuduiussenIniwlsivinsAnwluaenndes
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U ¥ £y £ a1 1

AUTDUATIUTEINY LIONITUNDINANTIATIZIRVRIAAINUNANNEY (GFI) TANV1AU 0.99 AautinAny

= o =

AANNAULUUUSULA (AGFI) TA1LYNAU 0.97 AUiiN189d09U89A1UAA1IALAABY (RMSEA) 1aegnii 0.00
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o o 5 < S =

. . mylaseidoya welulad Bumasiin ssuumsdaiivieayauu ANUUaaANY
HUNIARNYTY La o < 3 2 o g
unla)idadn VasAwuy Ussansassnas UINITUUUAATIN malaued

wgaunu

AN 1 uansAnduUsyans (Effect Coefficient) agamiinesAusenau (Factor Loading) vadluing
aunslassasnvesdadeidwmarensiaviinsevanidnenssunisduidguwenansssnssy
didnuselindsemaluladudenisu

A 1 szl Yedeiifinadensevaninenssunsduiasuenansganssudidnnsetind
wnitan AedudsauuarTaussay fuadadugnsmans/ulouislneisiminesdusenauwinty 0.72
sosasudunalulad duadeduessamanslasiaitiimdneadusznauvindy 0.62 Sufuaiu
Frumelulad Tnefehminesdussnauwiniu 0.55 fnastenseuandaenssumsduildsuenasganssu
Bidnmsoindlasiiathwinesduszneuwiniu 0.52 nu

1. fuusuimeuendudsauuas Tausssy dadeninanndiaaliun fuusdann nsmain/
nsunsnues (A1) nefientdwidnesduszneuintu 0.78 sesasn fwlsdananisuseeandfdvia d1msu
nsudmsnadguualue lnefiddinidnesdusenouriniu 0.74 dudsdunandnsssunfuia lnedien
hwinesuseneuwiniu 0.54

2. fhuusudsneusnsugnsmans ulsute Jedeiiduauniian leun duusdananisdaeiail
yn padudend dausaiaun Tnedidnimdnesduszneuniiiu 0.66 fulsdunaniadidsdoyanin
szuuvinmseeheihis Tnedanihminesdusznauiniu 0.61 dudsdaunamslivslenian ssuuuims
Ay dvanniazsInEIiiAy 0.53 fudsdaunaananadendn asrelenaliszaeu Inedandwin
aaRUsENaUWiiU 0.53

3. fhudsulanouensmumelulad Yadefinauniign sulsdaunnszuumsiniuteyauunand
(0.83) Fudsdanannuuasadomidlawes Tnsfiddmiinesdussnouniniu 0.63 fulsdunadumesiin
Uszaruassndalasiidniminesduszneuniifu 0.50 dudsdunmmalulaudonisu laefanimin
psdUsENaUY 0.48 Fudsdaunanisiinsesitoya surlvgidsdnlasdanininesdusznoumii
0.36 FuUsdunnanouedu Tnefetminesdussnauwinfiu 0.35
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4. fudsudsaeuandiuessamant Jadefidnauniian fulsdunaairsuvudass doyaves
nanslaedaniminesdussnauwinfiu 0.78 Mulsdunamatnuaiouvesmenistoya Taedetmin
9IAUTENBUMNAY 0.58 MILUIFUNANINTFIUNITAINUATIENTTDYE Tnefianiminasdusenauwinty
0.51 MuUsdaunanisimun 1nsguteya Tneilamininesdussnauminiuo.aa

5 fuvsuslanelunsouanndnenssunssunssunsduildeuenasgsnssudidnusednd Jadudd
wauniign Fulsdunmadotsuisanugnies tnefidiminesdusznouwiniu 0,59 duUsdann
anufudruilasdidrdminesdusznouwintu 0.57 fuusdunaarifuasuaenis Tnedariimiin
oadUsznauwiniy 0.56 Muusdunayardsgdalneiidiminesdussnauinty 0.55 arwansnves
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druessomanslussuuudonisu mnidlonnddadmilsiliaenadoadolibuiiamaieatusdiy agvin
Tanuauysallunsimuinsevaandnenssunisdulasuenansgsnssudidnnsefindmemnalulad
vhenwu suaSetnewiianugnaesrsuiiuluszuuuionuu nanfie sTuuaNIanTINaauAINgNses
AsUtuaLysalvedenalsiannseding (Data Integrity) fie srUUANITIATINERUAINGNABIIFIINNNAY
visomhsnuiiAgitos

fuALAINTaveINIsIauBanszanglussuuudenivy na1fe sruuiinisideusiesyuy
asaumavossuiunmsihnuluunsnisaesug ssuuidenlestoya finsimung3uinveulu
wiazduauligunng
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Layer Security (TLS)
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Applying aerial imagery from Unmanned Aerial Vehicle for digital maps
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ABSTRACT

Due to the problem of area resolution of maps freely obtained from the Internet and the
problem of costs for producing aerial photography with high quality, this research has the objective
to use a small unmanned aerial vehicle (UAV) for aerial photography in combination with the use of
geo- informatics technology to create high resolution digital maps. An area of Navaminda
Kasatriyadhiraj Royal Thai Airforce Academy was used as the case study area. Compiling data was
divided into two parts. The first part was an acquisition of aerial photographs using UAV, and the
second part was an extraction of earth-surface features in a case study area from which the
descriptive data was collected. With regard to data processing, the Drone Deploy platform was used
for both managing UAV flight planning, and processing aerial images through the platform to produce
ortho- photographs. Furthermore, the use of Global Positioning System (GPS) technology was
necessary in this research for determining ground control points, which were later used for a geo-
referencing operation to yield an orthomosaic map using QGIS software. A case study of Navaminda
Kasatriyadhiraj Royal Air Force Academy (NKRAFA) illustrates the proposed methodology. As a result,
in the QGIS environment, the surface features are digitized on such the base map with their attribute
tables. The digital map can be manipulated and shows higher resolution than Google maps and

Google earth that supports decision makings regarding spatial issues more efficiently.

Keywords: UAV, Aerial photography, Geo-informatics, GIS, Digital map
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Lubrication Behavior of Hydrodynamic Lubrication in Air Journal Bearing

Apichart Chutpongcharoen®’, Khanittha Wongseedakaew?, Jesda Panichakorn?
123 College of Industrial Technology,

King Mongkut’s University of Technology North

Received: 12 March 2020
Revised: 7 October 2020
Accepted: 7 October 2020

ABSTRACT

This paper presents the theoretical behavior of hydrodynamic air lubrication of finite type
air journal bearing under steady- state condition without considering the effect of temperature
changes on the air film in the journal bearing. A numerical scheme based on the finite difference
method with the Newton-Raphson method for solving modified Reynolds equation to obtain the air
film pressure and air film thickness profiles include eccentricity ratio profiles under angle profile with
various shaft speeds, applied load, bearing clearance and air inlet temperature. The simulation
results show the increasing of shaft speed and the air inlet temperature, the maximum film pressure
and eccentricity ratio decrease but the minimum film thickness and angle increase. Whereas when
the increase of applied load and the bearing clearance occur, the maximum film pressure and

eccentricity ratio increase but minimum film thickness and angle decrease.

Keywords: hydrodynamic lubrication, air lubrication, finite type air journal bearing, modified

Reynolds equation
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ANUAIRURIE Chasalevris and Dimitris (2014) 180 buN15AMAUNITEDNRUUAILUTAINTULUSUNAINAY

WUUENNIAS Fia NaeTgakansauainsalunsiunsslvan yuilmnuiugen Ninagenndesiv

[y

NsHAFUNISRUUEFRaY wulinalnalAeandunuidesuiou lnenswseuiisunanisuiaunissg

a (%

luaauuuds Analysis, FEM, FOM, CFD &dlinaluludianiaderdulunisiiudidnsinisitiesaud Ml

AMUAUTALLLTURIL Maller et al. (2017) 19991952 WINUNAIAULUIS (Air gap bearing) nasenauniy
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anuudenatn uazanudsssumiveslnes dumineis deriadng sndunalimnuudoatngs uas
ArmiTsufigs TiauenuuTeiianud Ay lunsfinnmedeulimansznefvesaiosegien
Chotvisut et al. (2018) I#AnwmgAnssunisnaeauvessesduiusuluuuuBsuasuiuEousyansvde
dueinia efinnsannisdeulaaveslianadueinia wuhnuduiiduerniageaniiauiniinisl
firsawamadeulaaveduianatuena wagaumilduenmamandiatosas drunisefdiuturli
AufuTidue NNty winruviiduoniaanas wesdlodfiveuiseufugumndionnanadiin
TausuilduenniAanas udaaumunlduernediadu Bumrungpuech et al. (2018) léAnwin1svdedu
vessesaufusuLUUALUD S Iaeauriaueuilnidlou ngldseidouitnarisduiouassulouis
Tafu-sdu wiaumsTuAvhedisdluad Weymnisnszanefvesnuiy waganumunilduasvaodu

MU ITIRRINNABUTIADS

(% s a v

AOUILEIAYBINITIAY
WednwingAnssunisuaedunuulalaslauiiinvessesdumainaueinia lugunsalueines

g15nRaniu WD5000AAKX Tagldorniailuaisnaedu ieldsuulaianinzanuiiseu nssinan

9

Poriseniamaniuuue uazgamgiennianiaudi Inefigamgiinngluvagyinauasi

a ad v
HWUIANLLASNE W VN IVD
ANYAUrIUTINYRITRIRUNAINAY YlzARYMIileNATMABAULNINGITENINN Shaft uax Bearing

LEAASAININA 1

Air Lubricant

| Bearing

Bearing

housing

AT 1 SNWULTDILAUTDIAUNAINAY

1. aumslufnnenisdluad
naunsuies-alan WuaunisvewssiiinTuiveyninvedveslnaniuuny x, y, z deadu
nnresavaeaursevedlnaieg senisiadudalinuvundesinn Weilsuiusaivesiiduda Jaluda
v a o o a <) a v a !
HaaInAIUlAeIRIFulE a1 sundunisinalufiig x, y, z uagiiansaundn Reynolds Number

vasgsnaeduesnia 1.0 Jndunisuaeduwuunisinasiuisey (Laminar flow) fieglugas Fully
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developed wazlifnnavelssfitinann Body force attuni1siiansaussiiindulufiduansvaodu
nauyAgIuAlaInivIuInveIwsIinsyyiuTlduasnasduluy Order of magnitude 3glamnausiu
nasaAUMUIauasranauilAin uauduiussyrinamsisuuUasanuduuasanuduidou

AUNAA X, y, z fail

0
0 :8_p uay 9t :a—p (1)
0z Ox 0z 0Oy
o ou ov
o =u— Uay =u— (2)
TXZ ﬂ aZ TyZ ﬂ aZ

melsveumasuaoauluvedluainlafiou (Newtonian fluid) huu Non-slip flow azl@auns

158luan (Reynolds equation)

T T MY G RRY TR
O |12u\ Ox oy |12u\ oy Ox 2 oy 2 Ot

dm3u Finite bearing df1 L/D agsening 1/4 fis 4 v3alv L/D wirdu 1 Tuaniizassda(Steady

state) WoauuAlenimduigluaaunf (Ideal gas) Anlunsallifinsiuaeundasgamgivese1nie uas

& v wyy ' oA a d' <
anaduvedlvadadild (rruvnuduliaeg) uazinsansanmsdeulaavedluanatueinia (Molecular
slip flow) 71A1 0.01< K, <15 aglaaunisisdluanluguuuussuuiiin R—0—y dmiusesduman

1%

NALLUULUSIELLNRT (Finite type air journal bearing) Tuaniizassii Aadl

:z{T(R}U§£}+ﬂ§le{T(R}ﬂéﬁ}:Aa(ﬂq) @
20 o0 \ 2 Jor oY 00

el W (P,H)=PH’ 14 Ol
PH

— 2
= LR 5
pac
3
uay 7 = bTA (6)
S+T

b=1485x10%kg/m.s.KY2 S=1104K

[%

Toeildeulvvavaunisludrnemsdluan fatl

6=0,; P=1
P
O=x; P=1 and 8_:0
00
1
Y=x—; P=1
2
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2. UNIAUINTSNvasEsEeR

FnuaEnanenInuasRiac19 Yassadumainan wansian il 2 (n) wazand 2 (@) deolida
kAN sUABLIassUsTesssAumaInaY a¥ldaunsaamunTidueinie il

h=c+ecosf (7)
dlovilrieglusulsam

H=1+¢&cos@ 8)

3. FUNNTENAALTIANTEIN

nmsvyumaviliansraeauAnsaTNaNnaLIINLLILNL X kay z Tuannizasi olwan
Uz AsulUlureuaiausmiEuduil 0 audsavseendl () Fadunised
N52¥160 599 UMAINANDINIALYINAUNATINYBINTEANTTIRILUUILNY X UAT Z AABARIILET

wUSsuaznaenyuuasuly Weanndianuduinssyisenan

D a
w,= | | pr, cos 0d6dy 9)

_%0

o

w,= | [ pr,sin0dody (10)
,%0

0,1,0 =0 rad / Lubricant
inlet \ w: Wf

\\I Shafi
)

A :

el

\\ // /]

O 0 =7 rad
@ Sl ot 7 =T y=+L1/2| Y=-L1)2

(n) (@)

AN 2 LEASANANIEIUNNSIN1ADIUBITBIAUNAINANDINARTA (N) x—z—0, () Y —Z2
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4. 52iUgUITAUIUTIRUAY
n1sUszandldisnadsduiiossinivussdeuitdadusvdundaunisiudniemsdluan Jadu
aunsliigadutugaieniAneu Ineauufa1AuiunresildueInie oA WIMMAIAINALYRIEY

91MA nsINTEeAudNaT suvisafiUdsulUaduiasyinn1sAuIugIaunsens

% T
> > |P(o.y

k+1 —P(Q, Y)k
4 <0.00001 (11)
ZZ k+1
,L/ 0
LLaSﬂ'ﬁ%‘Uﬂ’liSLu@ﬂ%’]ﬂﬂ?'m@u%@ﬂﬂﬁu@']ﬂ']ﬂ
-
[ [LPp, 1 sinodody
,L/ 0
1— <0.0001 (12)
w.
L x
[ [LPp,7, cos 0d0dY|<0.0001 (13)
/ 0
A5 HUNTSIAY

[
av aAa a

unanAdsifiansunsesdumainaueinia Aidudmusznevvesgunsal ueineseninfan uie
UOLMBIA1UL52g9 (Spindle motor) Faldvinnisasiaagunsalannuewmesiiegialugisnfan Ju
WD5000AAKX %qﬁuﬁuum‘lﬁz’j’am%uﬁaﬁﬂmLLmIﬁfmaawqaﬂﬁumﬂﬁm'ﬁwamiLUf?{suLLanéTaLLUism6]
YeeTOIRUMANANUARNIFINT1T 1 LazanTRvesneLansfanIsen 2 Tnsasfnwinansenuvesianys
#n9q AilDnEnadonninssun1TnaedunimguiveeesdumnaINaNeNIALUULUTIANLAS (Finite type
air journal bearing) meldnsnaedunuulslaslawfiniagldornmeduavaedu waziingAnssuduves

Tyaiiiladlou AensleuluswnsuAaufinmesn1wl Fortran

A15199 1 VUIAVDITBIAULNANNAY

fifvossesdumaInay U
Bearing radius, 7, 2.125 mm
Shaft radius, 7, 2.120 mm
Bearing length, L 4.250 mm
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A15199 2 FUURVRIBINA

auuRvede1NA et
Atmosphere pressure, p, 1.01325 bar
Absolute viscosity at 40 °C, i, 1.91x10°° kg/m-s
Density at 40 °C, o 1.13 kg/m?
Molecular mean free path, 4, 64.3 nm

NN

nmsdraemwa demnuidaseulumsmureswalyiniy 7,200 pm mseiisesdumainaslasy
Winfu 0.95 N gaumgiienmiafiviinsesdumainausiniu 40 °C YosineszminamarAuuuss Wiy 5 um
definnsanannnisideuloavesluanavesdueinia nudianuduiidueinaiudusifuanudy
ussmaRsusisfomadiuasiuualtunaudsuwaafistuaufimaduiiduoniegaalnduio
N1999NYBNLTIANANIMUNTIFLAgAvTeUTEIIA 97% YoIyUNI988N () AIUANNUUIAIINGTIVBY
wUSsUiasuinatwesaue U Iasimanudulidueniegaaainiy waediianamndndos
wuugUnssnaluaa i meILUTeRa 2 Hefiussann 70% vesnrmeniuuis waranaseg1esanda
Tndu3namnsenauaueILUIsiiUszina 30% naennuenduuie esaniufinnelinislvaves
omegniasunanuiluifiuauiu wasanuduiidueiniaazidananilolndusinumasenauiie
whiuarmiuusssnednasa Tneauduiiduermagsagaiiiinduiidnvinty 4.4 bar sussyuilennia

w1 (Angle) winfiu 107.943 89AN kagsuvtayufiaIn1Aeenviniu 287.943 84f1 UARIAININT 3

P (bar)
—1.2 2.0
—_— 1.4
[ ] 1‘6 1.5
—1.8 1.0
- 20
=22 _ 05
- 24 E

26 & 00

28 7 g5
—— 3
- 3.2 -1.0
e 3.4

1.6 -1.5
- 3.8 20
—_— 40
[—— 120 140 160 180 200 220 240 260 280 210 220 230 240 250 260 270 280
—_— 44

Angle (0) Angle (6)

AT 3 LEAINTINTZIUAIVDIAMUAUTANDINATLELTDIAUNANAY LD Shaft speed = 7,200
rom, Load = 0.95 N, Air inlet temperature = 40 °C Way Bearing clearance = 5 pm
A9 4 dauenisasusdasaianuduiidueinavisuiunisilfsunlaesy @ Aiiudy

melamnudiseulunisuyuveanandl 5,700, 7,200, 10,000, 15,000 rpm a1szfisesdumnainaulazu
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Wiy 0.95 N gaumgivesenianvdisesdunainauidanriniu 40 °C gosiesgninamariuuuiaiifiu

A A

5 pm wudndearuiisoumanddnfiutu aruduresiiduoniaiiogasldiavessesduiidianas
fosndnsnislnavesenmefifisduutsiunsstunnuiseureawanfifindu lnseuduiidueinie
geganazausIsoulunsvyuvednal Ainfiu (4.79 bar, 5,700 rpm), (4.44 bar, 7,200 rpm), (4.03
bar, 10,000 rpm) e (3.61 bar, 15,000 rpm)

5.0 5.0 ;
45 --—-- 5,700 rpm 45 |
----- 7,200 rpm f
40 ——— 10,000 rpm 05
35 — 15,000 rpm 3.5
T N
Z 3.0 £ 3.0
A - f
2.5 25 1
2.0 2.0 |

8 === 10,000 rpm

15 15 | —— 15,000 rpm

1.0 1.0 L. - : : -
100 120 140 160 180 200 220 240 260 280 300 25 20 -15 -10 05 00 05 1.0 15 2.0 25
Angle (0) Y (mm)
(n) (V)

2l 4 uanINsnsEERNAuTesiaNeINe Weausseulunsnyuenainiu 5,700

rpm, 7,200 rpm, 10,000 rpm, 15,000 rpm (n) SEUUANR P-@ () szUUNAR P-Y

L4 a

A7 5 NUPANNFUTaNINAEIEALaYENTIEIUNTEDIAUSEARTAIANAY WARILVIYUT

Y 9
£

ANV INARgARaY AN TENRINMAREATATLTLTY {HeI1NANEIToUNISHUNALALTY

[

lignsnisinavetomandngseduinainauuazeonaNTodUNANAUTALNLTY TINTIN1TRNTY

YOIANUSITOUNATBVENaRDAUVUTIdNeNARgAAe Ut N

0.40 1 5.2 0.98 296
5.0
0.35 - L 0.97 =1 294
4.8 - ic"—

T 030 { 4.6 - 0.96 £ 1292 _
E 244 ST
= 0.25 | - 0.95 21290 £
g = 4.2 - ) =
g - = <
T 020 1 & 4.0 094 £ {288

01s | 8] 093 & | 286

T 36 '

0.10 0 3.4 : : - , : 0.92 284

4 6 8 10 12 14 16

Speed (x103rpm)

AN 5 uanInsiURBULUaYRIRIAUTALe1NAgaEn BRT1EIUNTIERIAUGEIER AUV

ANUVUTANINARIER kazANNTIENDINIAMNER WelUdsuulaininusiseuman
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A9 6 dauenisiasuwdasAianuduiidueimaiisuiunisilfsunlaesy @ Niudy

a

mefldinsefisesdumainauld3uil 0.75,0.85 , 0.95, 1.05 N annasisavlunisvguvesmaviiy 7,200
rpm gavgiivesenaivdisesdumainauiiAiniy 40 °C gosinssEnitamatiuluIaviniy 5 um
nuaseiisosdumanauldsufidnfistu dwalfauduresiidgueniadaniiniu lnsaufuiid
91INrgsgaLaAstiisesauwainayldiu dawinfu (3.42 bar, 0.75 N), (3.91 bar, 0.85 N), (4.44 bar,
0.95 N) wag (5.02 bar, 1.05 N)

5.5 5.5
50{ 75E-02 N 5.0 -
————— 85E-02 N '
451 ——— 95802N 4.5
40 — 105E-02N 4.0 -
§3s 535
Z 3.0 = 3.0
28 251 -—m = 75E-02 N
2.0 20{ i --—-- §5E-02 N
i ] ——— 95E-02N
. E | 15 —— 105E-02N
1.0 ——— T 1.0
100 120 140 160 180 200 220 240 260 280 300 25 20 -15 -1.0 05 00 05 1.0 L5 20 25
Angle (0) Y (mm)
(n) (v)

AN 6 WARINITNTTANYANUAUYBINANDINA KIDANSENTIAWNaINaNWTU 0.75 N, 0.85 N,

0.95 N, 1.05 N (n) SEUUNn® P-@ (V) SeuuNng P-Y

wansdan il 7 wuhanuduiidueinirgeanuardanamnisdesaudgaandaniutu winn
vnTldueInMamaauaziumsim i iduonananimanas wazilofinsamamsideuloaves
Taianatueinia Chotvisut et al. (2018) silvianuniiavesermadicnanas Wunalsioneluasonainses
dumanauldhetu vlierisnihanafuusiesas uiemumuvesiiduenieiananas uasua
MnMIanasesAImLITiaNenmi A TUAsuuUassUveInsivavesenialudnuni dauans
nslua daalimnuduiiduoiniadaufiniy Fansfivturesniseiisosdumainauldsuiiavswasionis

n3¥aNeMmveIAURUldu N ALazAIMUdN N ARRUTIN dIusumauTiAUTNTALe1NA

'
o

AaniiAananIuNIsENTesaumaINanlasy iieliinaunanIuaunis (9) Luiknu x wagaun1s (10)
WWIMNY Z UL dnsaunaiimianany SINBRTINISEeaudaaniiiudunuyuiliig

wssnsauna (w,) iesanmsziisesdunainaulasu
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0.22
0.20

—_

018 |

E

= 0.16 -

E 0.14 |
0.12
0.10 -

5.5

_—

Pmax (bar
=N
o

ot
()]

5.0 -
4.5 -

o
© o

A— Pmax
—&— Hmin "/‘
®— ¢ /A// D

% - ]
0a
. ; // . L
S :
e @
o w

70 75 80 85 90 95 100 105 11
Load (x10-2 N)

0980 291
>
0975 = 290
= _
0.970 cé 1280 &
")
0965 £ | 288 2
965 T Z
s
0.960 2 | 287
=
0955 286
0

27 7 uanensiURguLUAaIMIAUENINAgIER BRTIEIUNSIERIMUgaNER Fuaui

ANUVUTENDINIARIER UazANNLINENINIAMER Walldsunlainiseimallasu

A9 8 dauenisiasuwdasAianuduiidueimaiisuiunisilfsuilaesy @ Niiudy

MElATDII9TENINUNAAULUTIVI 0 I8 UEW1IT0IRUINAINAND1NA (Bearing clearance) 71 3, 5, 7 uag 9

pm Anszfisesdumainaulazurintu 0.95 N anusiseulunismyuvesnaniniu 7,200 rpm aamgiives

2INANY NI TRIAUNAINALTAWYINAU 40 °C WUkl Bearing clearance UANANUU dmaliAuAUNAL

91MAgeERlALLTY WWeawnfiuiinisinavesenalinnsilasulUamuseey Clearance lnuadusiu

TdueInAgegaRardedIaTEnIIamaIfulUTe IR (3.36 bar, 3 um), (4.4 bar, 5 um), (5.58 bar,

7 um) way (6.78 bar, 9 um)

75 1 8.0
7.0 7.5
65 7.0
60, 7 L 6.5
55 | sijm 6.0
50 <~~~ 7um I 5.5
§45{ <~ 9um i\ T 5.0
<401 ] £ 45
= ; I
351 1 =~ 4.0
30 | iy 3.5
25| oy 3.0
3 ja b 25
2.0 + I ] : | ; %
15 | 204 |, SR i A
1.0 £ PR i) 1: —— 9pum \
100 120 140 160 180 200 220 240 260 280 300 s o i S S 00 W5 0 S5 20 25
Angle (9) Y (mm)
(n) )

AN 8 LAAINISNTEINYANUFUVBINALBINA Ll Bearing clearance WinAu 3 pm, 5 um, 7 um,

9 um (n) SEUUNARA P-0 (1) SeUUAnA P-Y

AT 9 wudnANNAUTALINAgIgaLa SR TIdIUNTITRN

clearance NTANALIU LHDIINNTLYLVBIINTLAINWNANUBUTITNLAL

Y

=

[

L4 a

AUYEIEALAINLTUAIUAT Bearing

Y 9

< v A
“UuLﬂumablwmmﬂi%aaaﬂmﬂimau

wannauladieTu waziinaliszyy Bearing clearance anas wiinANURUITANDINIAGARS FeaziUAsunlas
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TWludnwazdavnanisinandeduvesennia uaziinnsiuasuaniizanamududuausiu dusumis
sufinrumuiiduenmaiigauageumfiduenaigaiidanasi Bearing clearance iy 2391
THAnAusAiduenafiguiunalifnussauganisassfumailuanizasvihnu Weanufuildueinie
goiliusdlusuaunu z fdufsdunuauns (10) Wuwalimumisureussdnsaunaidanasmuun

wssdnsaunanUasuwlasiy

030, 8 1.00 298

1296

0251 7 0.98 % 294
A - £ 7292 _
£ 020 26 0962 2002
=1 P Z 288
0151 E5 0.94 2 | 286 &

= R § 284

010 4 092 2 | 282

= 1280

005’ 3 0.90 278

N
w
B
o
o
- 4
©
©
-
o
-
-

Clearance (um)

2NN 9 uanIMsURsulUaINAUTNoINMAgeER SnTdunnsEasudgaEn Ml
ANUTIALDINARIER WarAIvUEaNeINAANEn WelUAeulUateinasening

INANNULUTINTDT2 82195098 UIWaINALDINA (Bearing clearance)

Al 10 wansmsnsEevesnIRUAidue A Wegamgiivesenmanivdisesdumannasiian
Wi 10 °C, 20 °C, 40 °C uaz 60 °C Aszitsesaumanasldiuwiniy 0.95 N anudiseulunsuyues
Wiy 7,200 rpm wuindlegaumgiifinidisesdumananldtuiiduiutudssaliauduiiduoina
asandiananas esnanuniinveseinialiifintunugumgiinuaunis (6) lnsaruduiidueinia
qqqmazqmmﬁsﬂaqmmﬂﬁmL%’Wim?ﬁlul,wmﬂam fiALiniu (4.55 bar, 10 °C), (4.51 bar, 20 °C), (4.44

bar, 40 °C) wag (4.38 bar, 60 °C)

5.0 5.0
4.5 4.5
4.0 | 4.0
35 35
P g
:_? 3.0 4 = 3.0
2.5 = 2.5
----10°C
20 { ——- 209C Angle (0) 2.0
15 mmres 1.5
— 60 °C
1.0 —— e 1.0
100 120 140 160 180 200 220 240 260 280 300 2.5 2.5

Angle (0)

(n)
AN 10 UARININSEILANURUYRIHALDINA ogaumgivetaINIANu 1o uNaINALLAT

WinAu 10 °C, 20 °C, 40 °C wag 60 °C () STuunnm P-9 (¥) STUune P-Y
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A7 11 nudanuiuildaue niAgagauardnsdunsiianudgeaniaianat wir1aunn

'
a

fiaunamgaLasmuniaunNuniateINafaadan ity Wegumglienanv i sesduna

AANTAMANTY LHBIINATTRNTUVBIANUNLADIN AL AN

v
=

21NANY I TDNENARONNTNTEINYFIVRIANUI UT RN ARBUTNL DY

Temperature (°C)

JUAINAUNIT (6)

WaEN NIV QNN

0.170 |, 4.60 T T 0972 [ 288.4
A : * o~
0.165 1 4551 g\, A, N 0971 & | 288.2
- - BT o < 1 2880
E 0.160 | % 4.50 - ON 0.970 3 T s
E = W o [ 2878 5
= 0155 | 2 4.45 * A 0.969 = - =
E IE ol . Sa_ E {5
= 0.150 {< 4.40 o S 0.968 = 2w
T ol
0.145 1 435{ o™ o 0967 2 | 2872
0.140 1 4.30 0.966 - 287.0
0 10 20 30 40 50 60 70

A 11 UanINRUaEULUAURIANAUTADINAgER SRT1dIUNMSIEosAUdasEn duwtiayui

ANUTidNeINAMIER WarAuvuaueInAfgn Weludsuulatgmgilonniai

YWINTDIRUNAINAL

anUseNa

1. deamsrisevlunisuyuvennandaniindu Jedwmaliauduiidueiningigauazdns

naibosrudgeanvounandidanas uisussfieumuiiduemeasianuazanumuniiduenianaed
Afindy esnarusireunmunanfidintuinlisnsnslnavesenmaidrgsosdumanauuazasn
nsesdumanaudiiuiuty stimafinturesauiseuimaniisnswadennumufidueniasian
Aoudnann Fadunginssunmsnaedunuulalaslauniinuaedusneeniandiedunginssunisaedutes
sesdufusueIMALUULIBEILATWHUEEU Chotvisut et al. (2018)

2. mautureanssiisesdu dewalfeumuniiduonimiaauardninisbesudgaaroanan
Tty uishumisieumuiiduemashaauazeuruiidueimasaedidanains maziises
dumainaulasuiidninasonisnszanedivesmnufuiidueiniaazanumuiiidueiniareutiain
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AMANUIN
dydnualanns
p lubricant film pressure, Pa A, mean free molecular path, nm
P, atmosphere pressure, bar £ eccentricity ratio
L bearing length, mm e eccentricity, mm
D bearing diameter, mm A bearing number
7 bearing radius, mm ¥ flow factor
r. shaft radius, mm o angle, degree
T.,T, shear stress, Pa 7 lubricant viscosity, Pa-s
0] angular velocity, rad/s w, axial force z, N
o) lubricant film density, kg/m? w, axial force x, N
h lubricant film thickness, m
h, lubricant air film thickness, m
c bearing clearance, mm
T temperature, °C
K,  knundsen number, 4, /h,
b constant sutherland, kg / m.s.K'?
S constant sutherland, K
U temperature viscosity, Pa-s
My initial viscosity, Pa-s
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ABSTRACT

The objectives of this research were (1) to develop a system that applies augmented reality
technology about local herbs in the case study of Mueang Kaen Pattana Municipality, Mae Taeng
district, Chiang Mai province; and (2) to study the satisfaction of users with the augmented reality
system about local herbs in the case study of Mueang Kaen Pattana Municipality, Mae Taeng district,
Chiang Mai province. The research sample consisted of 35 general users of the system, obtained by
simple random sampling. The research tools were an augmented reality media about local herbs,
and a satisfaction questionnaire. The descriptive statistics employed for data analysis were the
percentage, mean, and standard deviation. The research results show that users in the research
sample have high level of satisfaction with the performance efficiency of the developed system,
with the satisfaction rating mean of 4.30 and S.D. of 0.597, as compared to the established

assessment criteria.

Keywords: Augmented Reality (AR), Local herbs
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ABSTRACT

This research is a development of an application on the android operating system.
lts purposes are (1) to develop an application with augmented reality technology to promote
eco-tourism in Khao Kho district of Phetchabun province; and (2) to study the tourists’ satisfaction
with this application with augmented reality technology to promote eco-tourism in Khao Kho district
of Phetchabun province. The programs used to develop the application consisted of the Unity
Program and the C# Program.  The research sample consisted of 385 Thai tourists visiting Mueang
and Khao Kho districts in Phetchabun province. The data collecting instrument was a questionnaire
to assess satisfaction with the application with augmented reality technology to promote
eco-tourism in Khao Kho district of Phetchabun province. It comprised three aspects: the content,
the design and formatting, and the benefits of the application. The data were analyzed using the
mean and standard deviation. The results of the study show that (1) when using the application, the
users have to scan the markers by phone camera and then the videos promoting eco-tourism
attractions will display in the form of augmented reality technology; and (2) regarding the users’
satisfaction, it is found that the overall level of the users’ satisfaction with the application with

augmented reality technology to promote eco-tourism in Khao Kho district of Phetchabun province

is high (X = 4.44, SD. = 0.61).

Keywords: Eco-tourism, Khao Kho, Augmented reality, Android
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The investigate of White and Black Lines Defect for Hot Extrusion Die Process

of Hollow Aluminum Profiles by Finite Element Method
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1.2 Department of Mechanical Engineering Technology, College of Industrial Technology

King Mongkut’s University of Technology North Bangkok
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Abstract

The black and white lines defect in the aluminum extruded profile is one of the problems
that lead to the reject of the product by the customers, especially after it has been treated with the
anodized procedure. This research experimented with three methods to reduce the black and white
lines defect by using the finite element method (FEM) and adjusting three ways of the profile layout,
namely, the original parallel (0 degrees angle) layout, the 22.5 degrees angle layout, and the 45
degrees angle layout. The results from FEM show that the heat accumulation occurs in the axis zone
of the die in the 0 degree die layout, which will decrease when the layout is adjusted in increasing
angles. The extrusion experiment shows a good result for die layout of 45-degree angle which can
reduce the defect from 50 percent to 4 percent, resulting in high level of reducing waste product in

the production process.

Keywords: Aluminum profiles, Hot extrusion die, Finite element, Extrusion defect, White lines,

Black Lines
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ABSTRACT

This research has 2 objectives: (1) to develop an application to promote doing exercise for
the elderly people on Android smartphones; and (2) to study the satisfaction of elderly people with
the application to promote doing exercise for the elderly people on Android smartphones. In this
research, an application to promote doing exercise was developed for the elderly people who were
between 60-69 years old. The application displayed 2 types of exercise: (1) muscle stretches
demonstration including the upper body stretches, core body stretches, and lower body stretches,
and (2) physical exercises including jogging and running, stick workout, and Tai Chi. The population
in this study comprised 105,312 elderly people from 16 districts in Songkhla province; while the
samples used in this study were 400 people selected by using the stratified random sampling
method. The instrument used in the study was a questionnaire which was evaluated by the experts
and had the reliability coefficient of 0.85. Statistics used for data analysis were the mean and
standard deviation. The research results reveal that (1) the elderly people can utilize the application
to promote doing exercise by themselves based on the instructions provided in the application; and
(2) the overall satisfaction of the elderly people with the application is at the high level (mean =
4.40). When specific aspects of the application are considered, it is found that the elderly people

are satisfied with the work performance system of the application at the highest level (mean = 4.46).

Keywords: Application, Elderly people, Exercise
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Exercise for Elderly
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ABSTRACT

This research aims to develop measures and level indicators for smart and sustainable digital
Rajabhat universities. This research is a quantitative research which uses closed-ended questionnaires.
There are 4 steps in the research as follows: Step 1 is the use of research sample consisting of
administrators and lecturers from 38 Rajabhat universities in Thailand for finding the measures and
level indicators by conducting t-test to select appropriate indicators which are those that have rating
means of 3.50 or over. Step 2 is the use of research sample consisting of internal educational quality
of the educational institution to confirm the measures and the level indicators with the use of
t-test. Step 3 is the use of confirmatory factor analysis to select the measures with .30 or higher
factor loading. Step 4 is the test of goodness-of-fit od the measures with empirical data. Research

results show that 5 measures and 25 level indicators have been obtained.

Keywords: Measure, Indicator, Digital Rajabhat University
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n3aLAU .30 (Pinyo, 2012)

Jryry1 156060y 100U ANISSSU
Intellectual, Professional, Cheerfulness, Morality
180



onsansASUNUUSAAU adudnenAansia:inalulad UR 12 unsiAu - SudnAU 2563

Sripatum Review of Science and Technology Vol.12 January — December 2020

W8aN13398
HaN1SNUToYaveInquaieg1engud 1 MlANuTIUTIN SIUIUERaULUUEOUIUTIIINA 708 AU
fifnouuuudounuvievan 358 Au Andufesaz 50.56 wasnausiiegingud 2 dneuwuudeunINvun

109 Au Andudosas 51.66 Manaundunuuasuaui 2 nau Wudnsnisneunduiseniuls

a a v

1. NA31INNTNUMUNGufiazuideiiiettes Usenauiunisaunuingy (Focus Group) Tu

1%
[ v [ a v

Uszinunsimuiednsligesdnsnava lnewiuidiinuazidvensedunisidunmine dessdgidva

WUITFIR 91U 5 6 was@Ituen 31U 25 f1 fann5199 1 FenveladrluTdduesesdielunisiiu

U

[ |

YOUAIINNAUFIDYNNNNUA

U 9

A15197 1 MTAuazFiiuen

sWel firinnazaaruan i afiun
1. fulaseadeiugIufdiia 1. wninerdemnalulagsy
Infrastructure
(Digital Infrastructure) IIAANTTUAT
infrastructure 1.1 915033 (Hardware) 2. AMIMERTNATAEAS
P 3. WMINNABElUEsTINIGI Y
infrastructure2 1.2 gaunas (Software) e
4. UINYIRNYUATNUL
infrastructure3 1.3 ymanns (People) A o oo \

: 5. NWW'JW?J']@?JL‘U?NIM&J
infrastructured 1.4 ‘i’fagauazm%a‘dw (Data and Networks) 6. PAINIAIUNAINLS
infrastructure5 1.5 N32UUNITYINU (Procedure) 7. Deloitte (Digital Maturity

Environment 2. fuanLIRaaNRAIYIA (Digital Environment) Model)

environment1 2.1 nagms (Strategy) 8. Soule, Deborah L. and
. Puram, Akshita and

environment2 2.2 AU (People)

. Westerman, George F. and
environment3 2.3 499919 (Channels) Bonnet, Didier, Becoming
environment4 2.4 wialulad (Technology) a Digital Organization: The

Literacy 3. fMun133Aavia (Digital Literacy) Journey to Digital
literacy1 3.1 M98 (Access) Dexterity
literacy?2 3.2 n31la (Understand) . Digital Readiness Indices
l % (Use) (World Economic Forum)
iteracy3 3.3 M3ty (Use
Y 10.  Smart University
literacyd 3.4 N385 (Create) (Universidad de Alicante
literacy5 3.5 3Tl (Fvaluation) Smart University)
Skill 4. dnuvinwzAdvia (Digital Skill) 11. The ICT Development
" 4.1 mslinsesdiouazmaluladndva Index (IDI): conceptual
skilll framework and
(Tools and Technologies)
— Y RE——" methodology
4.2 ﬂqiﬁUﬂULLaSI‘U‘U@NaWQ 8 .
skill2 v (International
(Find and Use) Telecommunication
" 4.3 msltmalulagfdiaimnza Union: ITU)
skill3 a
lun1si3eu3 (Teach and Learn)
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SWe fAdnLazAaduan LARINNN

4.4 NSIFYRINIAINA IUNITHRANTHALAS19AY | ARLEDNINLUIAUAATNEAIY

skilld sile TndiAgesauiu dwsuiaundu
(Communication and Collaborate) FuLuUTetefnsAdva dudu

‘ 4.5 NMsadeassAuinnssuanmalulagadva wunsiugusmiuiiasldly
Ko (Create Innovate) TN

_ 4.6 n13undesteyadiuynnauazdugnaiuuulan
Ko favia (Identity and Wellbeing)

5. aun1sInnismalulagfldia
Management
(Digital Technology Management)

management1 5.1 11539uKY (Planning)
management2 5.2 N1353AN15 (Organizing)
management3 5.3 n§wensuywd (Human Resources)
managementd 5.4 n151109ANS (Leading)
management5 5.5 nN13AUA (Coordinating)

a U ! L3

2. MmsmiTauaziduen 1un15iATIERAT (One sample t-test) Aungue1a5e

q

WAZEUTIS

Ya o [ v o Y

FIdglainuanadinsdaiendiinuagiiduenvesdadiauiiidinzuuuiaie (Mean) g9ni1 3.50 Fuly

'
o o aad

98198 BdAYNIEDANTZAU .05 AIRNT1N 2

M19199 2 HANTIATIENAYIALAEMITUBNMYATIINNNEND1915E WALKUTMNS

NANTSALATITI
FrTauazdaduen v asls
Mean S.D. t p
X Gnaan
1. Infrastructure 4.35 .54 29.726 .000 v
infrastructurel 4.34 57 28.046 .000 v
infrastructure2 4.38 61 27.282 .000 v
infrastructure3 4.34 57 28.046 .000 v
infrastructured 4.34 .56 28.348 .000 v
infrastructure5 4.34 57 28.046 .000 v
2. Environment 4.31 .46 33.742 .000 v
environment1 4.34 58 27.621 000 v
environment2 4.37 53 31.221 .000 v
environment3 4.27 .58 25.339 .000 v
environmentd 4.27 58 25.339 .000 v
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NANTSALATITI
1 Sauazfatuen v adld
Mean S.D. t p
X Gnaan
3. Literacy 4.21 54 24.969 .000 v
literacy1 4.21 61 22.009 .000 v
literacy?2 4.21 61 22.009 .000 v
literacy3 4.2 59 22.408 .000 v
literacy4 4.21 61 22.009 .000 v
literacy5 4.21 61 22.009 .000 v
4. skill 4.31 51 30.399 .000 v
skilll 4.30 60 25.439 000 v
skill2 4.31 59 26.156 .000 v
skill3 4.34 58 27.567 .000 v
skilld 4.31 59 26.156 .000 v
skill5 4.30 60 25.439 000 v
skillé 4.30 60 25.439 .000 v
5. Management 4.18 .48 26.797 .000 v
management1 4.13 .64 18.753 .000 v
management2 4.23 .61 22.581 .000 v
management3 4.23 61 22.581 .000 v
management4 4.24 .64 21.757 .000 v
management5 4.06 62 17.201 .000 v

PN o Y

NATN 2 WUNLAFATA 310U 5 62 LA 1. AUlASIFSNUSIURINE 2. ANUENINLINADY

«

v Yaa v ¥ U aa v aa v a v v 1"

378 3. AIUNITIAINEA 4. PUNNEEAINE ke 5. AUNTIANISIALLLaERIva JA1einaglutie 4.18 -
3

Y Y
¥ '

A D)

v v [

5 fina1usainlaanndlduenndwnalanianiun 25 faTusn KIUnNMNISAnEanTateNTlaInIn 3.50

Y

3

¥

wly fendduenaglutig 4.06 - 4.38

2

3. nanisdududifauazdiuan un153iaseiiandl (One sample t-test) a1nnguiUszidiu

[
vYa [ v v v A

AunmnsAnwngluaniudne gidelanmuainaeinisdadendiinwasdiduenvesdemaiuniian

v o

AzLULLRGY (Mean) gdn31 3.50 AulUeeeiid1fgynivadianseiv .05 A3 3
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M13199 3 KaMTIATERFInuAzMTUeNmeANINNALUsSTRuAMA N SANY I gluan AN

NANTSALATITI
1 Sauazfatuen v adld
Mean S.D. t p
X Gnaan
1. Infrastructure 4.44 .50 19.685 .000 v
infrastructurel 4.43 57 17.143 000 v
infrastructure2 4.45 59 16.943 .000 v
infrastructure3 4.43 57 17.143 000 v
infrastructured 4.45 55 17.942 .000 v
infrastructure5 4.43 57 17.143 000 v
2. Environment 4.24 .58 13.335 .000 v
environment1 4.26 60 13.182 000 v
environment2 4.24 59 13.033 .000 v
environment3 4.24 59 13.033 .000 v
environment4 4.24 59 13.033 .000 v
3. Literacy 4.19 .58 12.406 .000 v
literacy1 4.18 68 10.453 .000 v
literacy2 4.17 69 10.103 .000 v
literacy3 4.24 .64 12.108 .000 v
literacyd 4.18 68 10.453 .000 v
literacy5 4.17 .69 10.176 .000 v
4. skill 4.29 52 15.805 .000 v
skilll 4.28 56 14.48 .000 v
skill2 4.33 56 15.424 .000 v
skill3 4.28 56 14.48 .000 v
skilla 4.33 56 15.424 .000 v
skills 4.28 56 14.48 .000 v
skille 4.27 56 14.407 .000 v
5. Management 4.28 .50 16.384 .000 v
managementl 4.30 .66 12.703 .000 v
management2 4.37 66 13.674 .000 v
management3 4.39 .65 14.191 .000 v
managementd 4.17 65 10.824 .000 v
managementb 4.17 .56 12.605 .000 v
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101999 3 wanTlessidaauasfTuennauiUssidununinnisinwaigluanufing
wuHadwsTild Ao F23n S1uau 5 f wasiatuendidunaldvienun 25 fFven Wulununisiesesinou
st fdaTaeglurng 4.19 - 4.44 wazaraiuenaglugag 4.17 - 4.45

4. wan1siAsizvissAlsenauldidudunguiussidunnainnisAnyiateluaniudneyd

NNSASIVEBUANNNADAAADINANNAUVDIAILUULATIAS1989AUSENBU kagiuuAAIUMUNAILUSEaaiu

[
v a (% LY v A

Taualisusednd nan1TinsIsviaUdennaeInaunduveIiluuNIAndend  Taua AT uan e

'
= 1

A
ANLTBIRT T elATIas 19 1nANUIRENIAUSENBU (Factor Loading) MiAI81ANIIR38LYINAY 0.30

AIRNS9N 4

A15197 4 HaNNTIATITITRIAUSEN DU UEY

Uady Amiminesdusznau
1. Infrastructure
infrastructurel 0.99
infrastructure2 0.61
infrastructure3 0.98
infrastructured 0.83
infrastructure5 0.83
2. Environment
environment1 0.97
environment2 0.94
environment3 0.97
environment4 1.00
3. Literacy
literacy1 0.88
literacy? 0.84
literacy3 0.67
literacyd 0.87
literacy5 0.66
4. Skill
skilll 1.00
skill2 0.85
skill3 0.73
skilld 0.84
skills 0.97
skillé 1.00
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14

Uady AvtnaAUszNay
5. Management
management1 0.78
management2 1.02
management3 0.91
managementd 0.30
managementb 0.84

ANAIS1N 4 Avutinesrusenauumdudssansanduiusvesiinlsiuasrusenauazdasiian
WINNIWTEMIAY 0.30 Feaguladn T d1uu 5 da uazdFvenfidunalavanua 25 daduen dAy

denARediuNanITiATWineunt A ninesdusenaueglugie 0.30 - 1.02

' ¥
=3

5. HANINAABUANLABAABINANNAUTBIIL UL UTRYaTU TEINENaT19TY 21nT1WIU 109 AU

TAHANTITIATIER FININA 1

infrastructure

'
0]
@ infrastructured

h
()

<
88
A5 87

@ literacy3  feat =
& :

o
@
I . S ()
ot e
(—> s &

(29 >
8% a1

managements

AN 1 HANISNAFIUAINNADAAABINAUNTY
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¥
=

PNNNA 1 WUIAIANEDARGBINALNaUTBIRILULTAEDR Al Taawals (Chi-Square) AN

WU 802 89Adasy (df) dAvadu 184, p-value AANLYNAY 978 AatinAnunaunau (GFI)

a1 |

AU .906 ftInANNEBAAReINANNAWLTIdUNNS (CFI) Janviu 1.000 avlisinAdesvesaade

o w

Magdnd (RMR) A19111U .016 AvUsS1NNd09909ANLRAYANUARINLAFBUNSIADS (RMSEA) HA1

€

o

Wirdu 000 wazAndvdaduaanndasdunus (NFI) da1windu 962 Wuldmuinaaiiiivue deiunag

e

[ o %

asuagausianataunsarlUldusdanazirduenls Usenaulume fada 311U 5 1 waz@iduen

e

aa o

71U 25 MTuen Arinkaziduaniisgasiden aell 1. aulassaianugIuaIva Ussnaumeiiduen

1 1

F1u7u 5 @7 Laun 815aK35 ganduls yaains Tayanaziaiedny LaznIsuIunITIingIu 2. Ay

aa o

ANTNUINARNAIVA Usenausmiediuen 91uiu 4 67 lauA naens au Yemne wazmalulad 3. A1un1s3

a v 2

fava Usenaumigiliduan 91U 5 A7 bakn 115109 N151ta sk n1sasne warnsuseiiu 4. ey

v '
Y v o

wehidvia Usenaumesiduen 31uiu 6 M baud nsldiasesilouazimaluladddvia nsduauuazlitoya

:,)G

Y Aaa v A ] =

Adva Msldmalulagfdanuuivanlunisseus msldvemedinalunisdearsuazasisanudiuile

a v

nsasiassaninnssuanmaluladidva uaznisunlesdeyadiuyrnauazdoanauuulanadna uaz
5. iunsInnsnalulagfidva Useneumemiduen 913U 5 /1 Laun N195319u8U N153AN13 1SNeNns

Uywd N15UIBIANT KALNITAIVAN

ORIIEREIAG

v
v A &

ATl dunuidodslsuailaiauiiatasfmdvenseaiuvesmsifunminedusvighaa
Pannsawazdanudedu IWngudegeidueasd {uims {ussidiuaunimnisfinwnielugaufine
Tunninedesuiguesingdiuiu 38 wis Mdauazidveniiauny Ysznaulume drdn 91uiu 5 67

WaAITUBN 31U 25 f1 arunsatn iuIdususuuTREIaLarftuanld FeaNan el IuNTEUILNIg

1Y

Aazdeyaviatgtuney danuaenndesnuifeisednuiAniilesdaniey: Mmavennstuindeudaaiey

(Orlowski, and Romanowska, 2019) finandslassasneiiugrufdvadunugiudAyuesnistunioulus

[
v A @ = aa o

dinadaaser szlddresdudies visuminerdeiugiud Ay Ao lassadaiugiuadva wazldudnns

<3
v 1%

Indrgaiulunismdrianasdidvenlunuideatul wazaenndestunuidensiauddiainweniss

Advavesindnunivdnaslunminendouuulidriadu (Thongiam, 2018) luuseiiuesAuszneuvesniss

v [ '

fda 3 Useliu Ao AuN15as19assa sunsly wazanuanudila ag1slsiniy fdakasdidiuandinand
feunuluiisefunuuiiagUselevdnonisiluldluntsussifiunisifunminerdosisdgnasia Sndieds
anusodnlluszandldlumiisanusing suusunvesmthenuld lneiihnanisuszdiuidulugasauluus
P a Y ' = a 2 7 ) o & v Yo ! P
agaulUldlunisnaunuiioUsuuegneeu salasuaudenatiu nmsimudndudeddasuainusiuie
wagAumsERtnanyeaInsluunIne1dusudy eglsinu maiwunednsidvialag ldausaimun
Whasanysalldneluaiaien vianmelussezandudu uiszdeddszasia wasuimsdnnisesinsidl
Uszansamnieldnisiivesfuimsidudidy swluisausaufieainuaainsyndiefinsznings

C
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q

W lguguiianuinmesumalulagadnaniudlliuumineidy

ANANIsuUsZNIA

v a v

uidsaduilasumsatuayunisidunmeldunuaiuaiedneamuasiauninidesulng au
enggnatansnisideuasuinnssy Ussanludiafnw andiinauanuenssun1sideuiagid (19.)

U5zl 2562 (3Tedsveveunniun w leniail

LBNE15919D9

Charmondusit, K. (2019). The paradigm shift in oreanizational management of higher education
institutions to accommodate changes in the 21st century. [Online]. Retrieved December 5,
2019, from: https://old.mahidol.ac.th/th/\atest news58/ Sustainable-University/sus-u.pdf.
(in Thai)

Deloitte. (2018). Digital Maturity Model Achieving digital maturity to drive growth. [Online].
Retrieved March 23, 2020, from: https://www2.deloitte.com/content/dam/Deloitte/global
/Documents/Technology-Media-Telecommunications/deloitte-digital-maturity-model.pdf

International Telecommunication Union. (2016). The ICT Development Index (IDI): conceptual
framework and methodology. [Online]. Retrieved March 23, 2020, from:
https://www.itu.int/en/ITU-D/Statistics/Pages/publications/mis/methodology.aspx

Kanok, O. (2013). A Development of ICT Competency Indicator Model for Faculty Member in Institute
of Physical Education Thailand. Thesis of the Degree of Doctor of Philosophy Program in
Information Technology. Bangkok: Sripatum University. (in Thai)

Kidjaideaw, S., Praneetpolgrang, P. and Jirawichitchai, N. (2017). Developing Standards framework of
Measurement and Indicator for Smart Rajabhat Universities in Thailand. The Proceedings of
the 9th National Conference on Information Technology, 1-2 November 2017 at Mahidol
University (Salaya Campus), 348-353. (in Thai)

Jryry1 156060y 100U ANISSSU
Intellectual, Professional, Cheerfulness, Morality
188



onsansASUNUUSAAU adudnumansiazinalulad UR 12 uns1Au - SUdnAU 2563

Sripatum Review of Science and Technology Vol.12 January — December 2020

Madakam, S. and Ramaswamy, R. (2014). Smart Cities - Six Dimensions. The Proceedings of the
International Conference on Advances in Computing and Information Technology, 4-5 January
2014 at Bangkok Thailand, 38-41.

Olsina, L., Dieser, A. and Covella, G. (2014). Metrics and Indicators as Key Organizational Assets for
ICT Security. Emerging Trends in ICT Security, 2014, 25-44.

Orlowski, A. and Romanowska, P. (2019). Smart Cities Concept: Smart Mobility Indicator.
Cybernetics and Systems, 1-13.

Pinyo, T. (2012). Composition analysis techniques for research. Bangkok: Fern,kalaung Printing and
Publishing. (in Thai)

Pressman, R. S., and Maxim, B. (2014). Software Engineering: A Practitioner's Approach (8™ ed.).

New York: McGraw-Hill.

Poovarawan, Y. (2016). Grand Challenges in Digital University. Suranaree Journal of Social Science,
10(2), 171-188. (in Thai)

Smyth, K., MacNeill, S. and Johnston, B. (2015). Visioning the Digital University — from institutional
strategy to academic practice. Educational Developments, 16(2), 13-17.

Thongiam, B., (2018). The Development of Indicators for Digital Literacy Skills of Teacher Students
in Unlimited Admission University. Journal of Suvarnabhumi Institute of Technology
(Humanities and Social Sciences), 4(1), 291 — 302. (in Thai)

Tikhomirov, V. (2015). Development of strategy for smart University. The Proceedings of Open
Education Global International Conference 2015, 22-24 April 2015 at Alberta Canada,
434-436.

Yamane, T. (1973). Statistics: An Introductory Analysis. (3rd ed). New York: Harper & Row.

Jryry1 156060y 100U ANISSSU
Intellectual, Professional, Cheerfulness, Morality
189



onsansASUNUUSAAU adudnenAansia:inalulad UR 12 unsiAu - SudnAU 2563
Sripatum Review of Science and Technology Vol.12 January — December 2020
' a ¢ o o a 1 Y ad ' <
ﬂ'liﬂi%%J’Tﬂ.!ﬂ']W']i']&lL@]ﬂi’c‘i']ﬁi‘Uﬂ’TiﬂﬂﬂﬂﬂVILLﬂi\‘iﬂ’lﬂ?ﬁﬂﬁ’l%ﬂﬂﬁ]&ﬂﬂ@%jﬂ

LazISUTEUIUALDE

5T nuagy”

aiinnsAneald aandunisaanisUsysynidan

Received: 3 February 2020
Revised: 21 August 2020
Accepted: 24 August 2020

UNANED

dmdunisussanaainidnesuioduuszansnisanassludinuuidudu fuszuna
Aminesisidsaestiosfigaasdufissuailioudsndaduiiian uididueninaeiiatuiy
AdananserdunatuniainA1dunnyg azdimadeaUssanaiils Jsiedddiin1sannosiiunsau
Uszanarmsfimesknu lngunanainnisiazidiauedunousasinsdssunainisimesinnge
2% Ao Wnnwhandugeaauariinisussinaeioa nieuiauansuaninUisuiiouyssansamundh
Uszanauamnfimesisnviiesdugean Weldilsidumunannndouves Huber uaziBn1suszanaei
wwa Ingldapanndeuridiaenndsuarmduussansvesnsinduladunasinnsfiansan Sanmeny
Nan1539eTisUs It unUi AUssnamemniweiinssznaAesiivsynsamannniisne
uagdugeaaideldiladdumnunannindeuves Huber nsdifiendunaanfuusdaseiidiaindrdans
S‘umm (High Leverage) dlemuranindounanuadsni

aa 1

Adnfty: Bnnwuanlugean F8n1sUssanauniea Auennael

*Usganuauvan; dia: nithipatkam@gmail.com

Jryry1 156060y 100U ANUSSSU
Intellectual, Professional, Cheerfulness, Morality
190



onsansASUNUUSAAU adudnenAansia:inalulad UR 12 unsiAu - SudnAU 2563
Sripatum Review of Science and Technology Vol.12 January — December 2020
Parameter Estimation for Robust Regression with Maximum Likelihood

Estimation and S-estimation

Nithipat Kamolsuk’

Office of General Education, Panyapiwat Institute of Management

Received: 3 February 2020
Revised: 21 August 2020
Accepted: 24 August 2020

ABSTRACT

For parameters estimation or coefficients estimation in linear model, the Least Square (LS)
estimator of parameters has always turned out to be the best linear unbiased estimator. However,
if the observations contain outliers or high leverage, this may affect the Least Square estimates. So,
an alternative approach; the so-called robust regression method, is needed to obtain a better fit of
the model or more precise estimator of parameters. This article presents the procedure of robust
regression methods, namely, the maximum likelihood and S-estimation methods and shows the
comparison of the efficiency of the parameter resulted from the maximum likelihood method when
using the Huber’s function and that of the S-estimation method. The criterion for efficiency
comparison was the mean square error (MSE) and the coefficient of determination. From the
information collected from research reports, it was found that the parameters estimation with the
S- estimation method was more effective than that of the maximum likelihood method when using
the Huber’s function, in the case that the observations from independent variables having high

leverage when the error distribution being normal.

Keywords: maximum likelihood method, S-estimation method, outlier
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o
UNu
MTAATILRN1TaN00ELT L& (Linear Regression Analysis) LHuisnnsuileanlddnunaaudunus

Fadu (Linear) 5swinadauUs3ase (Independent Variable) fugauusena (Dependent Variable) fiuans

aglusUiuuulady (Linear Model) auaunisi 1 uay 2

Yi = BO +ﬂ1xi1+ﬁ2xl-2+...+ﬁpxip+ei (1)
- Zﬁ-’:oﬁjxi,- +e; i=12,..,n )

e y; wnuAdunail i NAUIAN y uag x;; wnuadunedl i ndudsase x; laeil B; unu
W15AWRsT j uag e; wnuANNARIARABUEN (Random Error) n WUTIUIUAIFLNAVIAVAN WAy p WU

Fuuiulsiu e n > p laedlen xp = 1dwiui = 1,2, .., nuag j = 0,1, ..., p FaAszunanes B

'
~ A a1 A

vive B axluuszanmd y Saldduszanaves y vise 9 1le 9 = 37 Bx;; filldrumiie (Residual)
UNuiY é; 1We & = y; — P; (Ahmed and Maha, 2016)

MUz TN TINMTIRTIERNsanneeedy lneuninldisidsaeniosiian (Least

Y o

Square: LS) Mvann15UsEu AN sIimes31NNasINYeIAIUAaInLARouAS @R e Nign 3o

ming Y1, ef FadrUszaiuvesmsines g vio f faudinldioudes (Unbiased) drAra1anang

(Expected Value) 103 § 30 E(B) wiriu B wazfinnnuuususiuves g wie Cov(R) deosiigaivinfiu
G2(XX)~1 o 62 unuaueainndeuriddeads (Mean Square Error: MSE) fiA1vinfiu % dlo e
ey e WNuYBndLasEndaduUasy (Transpose Matrix) VBSEIUNEDNINAINU N UNUIIUIUAIEINA
v uay p wiudnuiuusiu fewmeiishdaesiesfigainduitnsussunudmniine vl
Fvszanuanfian A dususzanandadulitewesfifian (Best Linear Unbiased Estimator: BLUE)
(Montgomery, Peck and Vining, 2006)
faiimsinngimannoesdadusestinimmaoudeuluresnuamaindou e isznaude e
Fosfinsuanuasusnd (Normal Distribution) AfAedeidugud uaziinuudsusiunsiiviniu o2 Tagi
e, way ¢ o i#juay ij=12.,ndedudaseiu dearwisounuiioulvves e fae
e ~NID(0,02) 1ile NID ununsuanuasusniuazifudasziuves e mnnuin e liidulumudouls
w1 aznanliimsussanasminesieds Ls liliduisnsianan Insaamiaiviili e luiduld
nudoulafe fdrusninast (Outlier) inTutudoyaniodanaiiinmiinsey (Adedia, Adebanji
Labeodan and Adeyemi, 2016) Taedninavesaruaninusituenatnazyinliainunainiadou e
Lifulumudoulauds Ssdsuareruszanavesimsiimesisidsaewiesdian (Yarmohammadi and

Mahmoudvand, 2010)

Y U a o o o W

STUAIE AU INSTUNITIATIZUNITOA0DELTWEY WBNINNNITASIED ULl TR IAUYRIAINY

<

Y v Y oA oA 3

AANALARBY € had 9999IN15MSIFUANFLNANUINNTATIEVA877 TATUBNNUNUIDLAIFINAT

upnNA19AINABUINN Guiseli dmuiniladunadurueninaeivielAdaunaNLANA199INAUNINY WD

n1sUszanarInsdmesaaeis LS liladuisnisiiaiian 3sldn1sinsnzinisannesfiunss (Robust
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Regression) U UuisNsUsERuAMITImesunuds LS 39isusvunammisndnes el ueninausinie
fadunaiunnaneainarduning aldeuldidnaneis nnsazidenldisladesiansunuszd@nsnines
AUszanuils lnsunaullazuanslifiulssansnmaesaiUssanuveanisiiines 2 35 laun 38a1e

Wnazilugean Weldilsiduanunaiaedeuses Huber waz3Snsuszunuaed 9In518URNan13T87

sy deldiduumislunisidenldisnmsuszananmswesidegamnzauign

L

¢
nnUsvasn
1. WiBLARITUABUNITUSEUIUAINISITLABTINNNTTILATIZINNITOANDENWATI 2 35 AB I5N1Y
Wnzdugeganarisnsuszinaeiied

2. WinwSeuisulszavsnmuesdiussanasmisfwesanisnnziiasdugege deldiledidu

'S
2

AMUAANALAABUYBY Huber kazdsn1sussunuaned neliainainniauiiasanaads wasadulsyans

FrrvuadunuginIsiansan

Jon1sanaaeinsy (Robust Regression Methods)
nsUszinmATdmefannsiinsginisoanesfiundsiinasds Tufidldasuduneunns
Usznauimsiwesidenld 2 38 Ao FBanzhesduggauazitnsuszanuiiea waziisuiiiey
dielifiurnuuansnsesiunounisUssanaemafinosiasUssansnmmasauszanadld anseau
namAteftrusuty Weliteyaatuardeyaiiadistu (Generate) :nn1sshassanumsal (Simulation)
melgdeulusingg
FBanwiandugega (Maximum Likelihood) #3938n13UszanauAdu (M-estimation) Wiaue
adausnlneg Huber lud a.a. 1964 MdumsuszanuAmafinesanmasauvesilsitununainaiou

w38 p(e;) Niletosiian (Pitselis, 2013) eaglugunuu Al

n
Mﬁinz p(e)
i=1

Wnsdszanuensimesinlalagnisuiauniseyiusdesduduins (First Order Partial
Derivative) vaaflaritu p(e;) Wiguiuamisiiwes B; e j = 0,1, ..., p Beazlaszuvaunisdtua k

aunis e k = p + 1 Auanslanuaunisi 3

S (2) =0 3)

[

o ¢ Aeeuiusdoudunuiiniaves p(e;) M3l Montgomery (2006) Laagusiognaflandu

[ |

ANUARIARARUTITAIUIAegUDS wazlidWmunsailowmIumnsen 1
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A157199 1 HIATUANUAAIALARDULAZIOULUAAINAAIALAT DY

Wandu p(e) W(e) YBULIA
1
Least squares S e? o le| < -
Huber’ s t function % e? e le] <t
Huber’ s t function 1
_Z¢2 t sign (e) le] >t
att = 2 left Zt
Ramsay’s E, a~?[1 — exp(—alel). (1 + ale])]
e exp(—alel) le] < e
function at a =10.3
Andrews’s wave
a[1 — cos(e/a)] sin(e/a) le] < am
function
Andrews’s wave
function at a = 2a 0 le| > an
1.339
1
Hampel’s 17A S e’ e lel <a
function ale| —=a? asin(e) a<l|ul<bh
a=1.7 a (clul _1u2)
b =34 N7 27 ) (7/6)a? asign(u)(c — |u|) b<lul<c
c=28.5 c—b
c—b
alb+c—a) 0 lul >c

e s ARAIUTZIUAIILATIVDINITLUSHUTDIdIUED (Residual Variation) Taeil &; uwnudqu

wdedl i wag 0.6745 Wumad Avild s WuiussanamildieudsaiioUssanuaiandisgisvuinlng

[

Al
s = median|é; — median(é;)|/0.6745 (4)

' v [
= 1 o tY o

funounsusssnurmnafinefagliisidmosiosiigaiigndrniniindmaisseu (teratively
Reweighted Least Squares: IRLS) u8un1sldszideuitidesiay (Numerical Method) 1nwdneuves
aun1svidermiimesfinesnismauen dgninluldedrsuninatsfainurtunfiuanlag Beaton wa
Tukey lu¥ a.7.1974 Aldmerdszanavasminimesinumindresdidsiivign W aiugluuuves

AUN1590 5

~

B=(EWX) Xwy (5)
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dlo B ununnwedamuszunamemnsiwes B
W unussvindadasimiinfidusmEndnussm (Diagonal Matrix) 4u1a 7 X 1
X wnuvisndguasadunnaindiuwlsdase
X uwnuwvdndaduivdeuvesidainaanduysdase

Y wWaunn@asuneandanaannsikusnng

N5 B BuanAmniwesiusraianinds LS unudae SO anduisdunadiumie e,

NAINFITLHBSNUTLUIUIINTG LS hazA1UTeuaiunInIshUSHUYa9dLias se s 9Inaun1si 4 unen

[

‘1/] Vill@%l@iﬂﬂ’]ﬂ?ElJLZJV]'iﬂ"?JﬂNU’WWL!ﬂ W( ) SUENﬁﬂ,J’]sUﬂIULLQQV] i vouUVaNg X 30 X fatl

(Yi—KzE“’))}

L - X'.'[;(O)

O Yi F 4ip

wo = i) ©)
(1 ;v = X, O

A o 0 ! H ) P a - A
NENNTT 5 LU ﬂg ) Wihsiminegldeussanamesmsfiweslusouusn vl LD sy

AUNSN 7

R -1
pO = (xw@x) xwy ™

i D Alg ldumBusuvesmsiwmseudialy wazaznszvihdiluaunszisgudn (Converge) 4

Amau g (Panik, 2009, p. 292) lauugilivgadiuin Wedndiuvensidsuwlatamisdnesy
|B(m+1) B(m)|

fianlaiiiu 0.001 1ile m = 0,1,2, ... WNUTBUVBINT

Usy NWEIJ‘U‘L&NLLG\& ¥39U 130 B(m)

AU

<

WnsUszanaaed (S-estimation) {WwisTimwTuINIEnzuezdugeiian Tae Rousseeuw

'
1 =1

wae Yohai iudimunasausnlul a.e. 1984 waz Rousseeuw way Leroy WuiWannseiliedlul a.a. 1987

Y
X

D

‘v|L‘Llumi‘divmmm‘wwimmaimﬂmﬂi“mmmaamiLLinumaamumaa %30 G Uesian Al

9

mﬁin 65(84,65,...,6,)

(%

s (81,8, ...,6,) = s dle s anlaainaunisn 8 el

EE!
=De

“ >
Il

%Z?:LD(%) = K (8)

dle K WJuaasiiwazilsidudiumde p \uilsiduingusyasd (Objective Function) vedaunisi
8 (Pitselis, 2013, p. 235) Ing Rousseeuw and Leroy (2003, p. 142) lauaniainsil K Atinuaduaine
Sovazvesgauusdoya (Breakdown Point) (%) warUszdnSamuessiiuszunammisiiwes (Efficiency
of Parameter) (e*) a1uA1519% 2
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A151971 2 Aasil K ArSeeavvesaudsdeya (€7) wagdszdnSnmussiuszanammanives (e*)

AMSUATNSUSEUUALDE

K e* e”
0.1995 50% 28.7%
0.2312 45% 37.0%
0.2634 40% 46.2%
0.2957 35% 56.0%
0.3278 30% 66.1%
0.3593 25% 75.9%
0.3899 20% 84.7%
0.4194 15% 91.7%
0.4475 10% 96.6%

G195 UTUnPUNNTUTEUNIUANNTIAWBSIAETD IRLS 3UNUNAIUTEUIMYBINISELADSIBLS 1N
WuAdudu (nitial Value) wnume B arntulimuindiumdsainaiussannueanisiiinesas LS
ED éi(o) wazAN1suUsiuvesdruniense s aan s = median|é; - median(é;)|/ 0.6745

' a o aa wa! o & o 319;0 ] a ,\(O) (0) ~
WULREINUITN1ITUIIEluEsEn vasandulnaiuluad@iunasuIngiu (uy) 3n &, /s 1ie
° Yo 8 U a v = 0) « 0 o & v W
i lulgmuInm AT usY e Wi( ) il Wi( ) = P(uo) /uo We P (u;) wineyiusyasdumu
nilewes p(u;) 3o p (u;) Nedmnlagiendu p(u;) ¥83 Huber ATy Y (u;) suansla dall

v = pw={ . al = ©)

; lu; | > ¢

Wo ¢ Wuarasiildiuileddu p(u;) vee Huber dawvindu 1.345 g laef 0 unuandoauu
lﬂl ldl 4 U g o 0 ldl o U ’6’ U L2 U L
UINIFIUTDIANUAAIAARDUTIUTZLILAINAT S 9T WE ) feailalugrahmintuidanmas

IgeUszanamamniwesluseuusnunugne BD awaunsd 10
~ -1
BO = (xw,x) xw, Oy (10)

asenwInlusaudnluagmuaAINISLUSHUYsEIUWED Y AnAasrindle A

AUN15N 11
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PNUUAINEIUMERNINTFIU ; Tuseusely ieihuiaeilaunfmwInAtvin wazile

W lvdndmddnduardans vlildauszanamesmsiivesluseudaly wazaznseyiiguilgiaunseng

dhdmeuudeniuisnnsinazduggn

Usz8nSnA1nvUa9A1UsIuTUAINISI1ALMBS (The Efficiency of the Parameter

Estimator)

dleuszaaamsfivesidud asnsiaasuyseansamvesiivszuiuainisfinesaindd
Aa1AAdeuiidsaeads (Mean Square Error: MSE) Taanuinmnauszanalai MSE Hesnituansii
AUsganuiiusEAvEaImgandn §991ndoyaves Candan (1995) $1985lusnuideves Meral and Onur
(2011) AUszneufemdsnnNFUsAN Y AuuuTinaans Sulphur Dioxide dafiduaninusivueg
wavfuusdase 16un x; unuanunaena (Pressure) x, unuanmgiisigaluusaziu (Minimum Daily
Temperature) X3 WNUATIANTY (Humidity) x4 WNUAIAIINSBUINAIDITAD (Sun) x5 WnuUTuI
1§18y (Rain) X HNUAULEIAU (Speed of Wind) x; unuiiAnisau (Direction of Wind) kag G unus

wUs9iu (Dummy Variable) Tnguansmnuduiugvuawianyseang 9 auaun1sannes auaunism 12

9 = Bo+ Prixy + Baxy + Baxs + Paxs + Bsxs + Pexe + Brx; + PsG (12)

5 oA

Wie Y unur1Uszu1ve9UTuIuans Sulphur Dioxide wag B Lo j =0,1,2,..,8 unu
AUszanamasnimed wiomduUszananisanaes vekdioldlusunsu S-Plus funaAUsEnaes
wined InelFsuliivuiuseningds LS Bamsinasdugean uaziinisussanaeiea Aldideldiledidu
ArmmaLAReuTes Huber Wisldfidusninasiintu uazimuslifiduoninasitusadsu (Dummy
Variable) G $7uau 1 A1uaz 2 A1 Seldaussanameamnsufiwesivansldnunnsned 3 m15197 4 uay 5

AUAIAY

| I3

A15197 3 ANUSEINUYRINISIRWeS WalifiAuantnale

FBn1susEuAINIines

e LS aaziaslugedgn AUsTaUATLeE
2o 0.9862 1.7849 0.7626
B 0.0047 0.0039 0.0050
B, -0.0336 -0.0352 -0.0355
£y -0.0014 -0.0015 -0.0016
Ba -0.0003 -0.0004 -0.0005
Bs -0.0378 -0.0389 -0.0410
B 0.0093 0.0132 0.0190
2, -0.0398 -0.0420 -0.0414
Bs 0.3021 0.2855 0.0218
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A15199 4 AUTTUNURINISIANDS L1aTANUBNLNAINNATIAN

Fsn1sUsEUIuAINIINneS

e LS aaznanlugedn AauszanuALes

P 95637 43804 24112

B -0.0036 0.0014 0.0034

B, -0.0336 -0.0350 -0.0355
Bs -0.0018 -0.0019 -0.00206
Ba 0.0005 -0.0002 -0.00043
Bs -0.0296 -0.0367 -0.0395
B -0.0037 0.0087 0.01614
2, 0.0577 -0.0483 -0.0457
Bs 0.3342 0.2983 0.2834

A15199 5 A1USTLNURINISIAMeS WaliANuBNNgIEBIAN

FSn1sUsEUINAINIINneS

TR LS aazinanlugegn IEERLILEEE

2, 11.2018 47731 23818

By -0.0058 0.00081 0.0033

B, -0.0281 -0.0328 -0.0342
B3 0.00198 0.0000106 -0.0012
B 0.00115 0.0000418 -0.0003
Bs -0.0257 -0.03525 -0.03896
A, 0.0043 0.01256 0.01821
2, -0.0401 -0.0401 -0.0417
Ay 0.3094 0.2809 0.2746

[
= '

INAITIN 4 hag 5 NUI AUTEUIUVDINISITLADSLI DT AU NLAUILAATUILLANAIGIN
AUz aslaluiiAua NN AUNIANLAITINT 3 9819TALRY TneANULANAITTIULABE19T ALY
WINianfe A1UTEUIUYBIAINITIEABTIINTS LS kanadtndiAueninaaiinduiua1daunawdiagdsa

ROA1USTUIUYBINITITLADS9ITE LS 1nn feliladsutfisuninuunnesyninednUssunaes
W’ﬁ’lﬁLm@%ﬁw%‘%mwm%Lﬁuqqqmﬁﬂ%miﬂizmam"lLaamﬂmuaﬂmmsﬁmﬁqLLazaaqﬁ’mwumm
upnsneiuiesdntey

dlowsuiisuuszansnmeesiussunasnisfinesaindl MSE 91091133809 Meral and
Onur (2011, p.789-751) AuA1397 6 Freardanauiedoyafiaiietu fevurafigiamiiu 15 910
FaUsdase 5 faus ﬁﬁmmaﬂLml,aﬂgtl(umform Distribution) Tu®29 -1 83 1 w30 U[—1,1] uaz

ANPAIALARDULANLIIUSNA NLALRAY WINAU 0 warAuLUSUSIU (Variance) winfiu 100 tneNaiwlsnny
Jryrny1 180v70y 10NUIU AUSSSU
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wanuasdn (Beta Distribution) ifiguuuuuaznisfwesidu Beta (5, 3,V/6,0,0) disfmuaaiusninasi

NAIUIDATLIINU 0 1 wag 2 A1

A15199 6 A1 MSE v9a1UsEInNam TdmasAglaauanNeiaIge)

FBn1sUsTuAINIines

FuIUAIBNNIN B - .
LS naznasitugegn AUTTUIUALDE
0 0.062710 0.067337 0.134558
1 0.09231048 0.07472932 0.1315891
2 0.1183422 0.09996891 0.02261035

N5 6 WU MSE veeA1Uszanansfimesaigds LS wieldfidusninusiiavu (Auen
wneaiviniugud) Sentesdian wansirAiUszanavemniwesinivszdninmuinninisazuneadu

gegauarisfUssinauAned JaUsladnds LS mngauiavihuildussanauainnsiwesnsaitlideuen

1% '
= ! aaa I3

naiAnty uitlunsaififidueninasiintufiusulsdassAUssanauemsiwneds LS avlia MSE
WNIaeIETIaBLANTI1 AUTEIIMTeITiwesAeds LS aviussansamdinin3sanzunaniy
geaniileldilsridumumanndouses Huber waysiiUstanmdea Jsmsléitnsinasdugsandleld
flafduanuaaIaAdouvas Huber MRS UssInuAoauwuds LS

mtlflaSeuiioulszansnmvesauszanamsimesieisnvinasdugeaalieldilaidu

1%
3 Y

AMUAANALAABUYBY Huber NUATHIUSEUUAeaNUIN a1dA1uannuaiinduiuakUsdaseluseauunn

saa o ! 1

LLé’ansﬁwﬁmwmmmww'swﬁmamﬁmﬂismmﬂ"}Laa%ummﬁ%mwm%Lﬁuqqqmﬁai%ﬁaﬁ%umm
AATALAREUYBY Huber 1ip39niA1 MSE Hoanin Jsaenndesfunaisefiiusouiiivuan MSE 2046
Uszanauamnfimesisnviesdugegaileldflaidununainindouses Huber fuisiuszinudied
fiauwlsUsiuvesnuAaIaRdeu 3o o2 Wi 10 1 waz 0.01 Weflduennamisiuiusieg s

AN519N 7

= ' aa ' & v ad o ! ) ' ¢ o !
A13199 7 A1 MSE ve938navinasiluagaiuisdissanamiean ol wasaAennaeisiuinmag

02 =10 | o2 =1 02 =0.01

A5Uszunaun FIUIUATUBNLAUA

0 1 2 0 1 2 0 1 2

Tﬁ'mazﬂwmﬂuqaqﬂ 0.067338 0.074678 0.103733 | 0.067338 0.074724 0.010495 | 0.067338 0.076120 0.125205

FWiUsvanuaea ** *% *% *x xx *x *x % *x

MBYE A ** Wanedn MSE Iandilndaudunn viseliadesunniilianansauanmaieulanmun
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¥
'

UBNINUTINUT UszanSamaesiuszanamnndinesmeisamUszunaaealuinninisnig
iazidugegaideldfledduninunainndouves Huber lunsdlfidndaunnaindiuusdassiaisigain
A1danaduIng (High Leverage) mmﬁﬂiflﬂgiumuﬁﬁamm wail Almetwally and Almohgy (2018)
Uszanaumnafimennddunaviedeyaaniuusdassfiadulianuanensy nefmundidang
nfLUBaseiia1ana1dunng neldnnuraineiouanasusnd fauuususausieg wud
91NN159189EA1UNT0dIoNOURAYSlA (Monte Carlo Method) $7142u 1,500 50U faUszunaAInsines
fheAmlsrinasieaiiuszansnmannniniiamsinasdugegaileldileriduanunainindeuses Huber
Tnefinnsaunanndn MSE Tunsdififianueninasiosas 30 auradaeg1ainfu 50 100 uag 150 uagdIuIu
WSR3 wag 6 MU 8

A13197 8 A1 MSE 2e33annsinvzdugsgaiuiSiussanaaed fivuinadiogns S1uiumsmiwes uaz

ANULUsUTINTRIAUAaTARdeU (02) A9

o a <
UUNARBS (p)

AUszana

Amines R
YUIAA2DYNS

50 100 150 50 100 150 50 100 150 50 100 150

Tﬁ'm’;zﬁwmﬂuqqqm 11.43 194.61 19.08 285.63 4865.34 477.07 32.79 272.79 69.30 819.84 6819.64 4232.57

FWiusuA Lo 0.46 0.26 0.26 11.51 6.42 6.37 1.41 0.81 0.75 3533 20.30 18.65

Yu and Yao(2017) Uszanaunnsndiwesanndeyavserdunnandinussaseiasiedulinanuas
U3nAy1ng1U (Standard Normal Distribution) Inemnund1dnaaindiulsdaselinm19a1nAauuine

AelPnNUARIALAGRULANEIIUINANIATIIUGWAEITY NUT1AINN1TTIABIANUNTTRINIETENRURANSLA

o

$1U7U 200 58U HIUsEUIUAINISITWaseeTTFUTE U A ealusEANS A nNInnI S AUz Ty

aNaa ¢

a9anLlalgHaNTuUAINUAAIALAABUYBY Huber 1aaiansanainal MSE Tunsaindlauaninaaisasay 10

Y 9

YUINFRIBENNYINAU 20 kg 100 LAEITUIUNITINDSWINAU 2 ke 4 AUAISIN 9

A13197 9 A1 MSE va93Snnzihanluganiuisiussinauaied Avwiadiedis wazduaumiines

(3 a s
AUUNIHMBS (P)

FBUszauamisimes p=2 R p=4
VUINNIBYIN
20 100 20 100
FBanzihawdugega 13.74 13.62 0.85 0.16
WimUszununiod 0.17 0.03 0.19 0.03
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= ¥ U

Alma (2011) Uszsnmusmnniiwesandrdunsviedeyaaniudsdassiiaidulianuasuand
wmsgu Tnesmuasdaunaanduusdaszdesas 5 ifadnndrdunny Wefldueninasifatui
Adunnandulsaudesas 10 wagdovas 15 MmeldmnuaanedouunaniasUsnfinnsgi tnafogs
Wiy 30 warduunsTlmesvindu 3 4 uag 6 nul1 NNITTEIEnIUNTaiMmeISuauRAsla d1uu
1,000 50U ArdudszAnSvein3indula (Coefficient of Determination) wie R? iléainaunisnanasi
AmsfiwesgnusssnarsesiYstinasiealiinnninaumsannosfidmsiime sgnuszanaece
Banzusdugegs deldilaiduanunainindounes Huber Fauansiduusdassainaunisannesi
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