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Abstract
A Social Media Monitoring System aims to gather comments on Twitters referring to Thai Universities. Examples
of 20 public universities and 20 private universities, which are selected based on the World University Ranking of
Webometrics, are used for analyzing and visualizing in different formats, e.g., ranking mentions of universities and
grouping frequencies of high uses or common words in sentences. It demonstrates that universities are referred in
which topics in each time duration. This system is suitable for those who want to employ the analyzed data for
making a decision in management and improvement of university efficiency. For example, an analysis of comments

concerning university activities from students that whether comments are rapidly considered.

Keywords: Social Media Monitoring, Social Media Analytics, Information Retrieval, Keyword Extraction



1) uniln

0o o

Haqiudedinuesulatidslauauionludanulne
[1] inFetnedsnueaulatlutemdlunisindedeaisuas
wustudeyav1ians laun wwdn (Facebook) ninmes
(Twitter) gyu (YouTube) uag siuitd (Pantip) Tagauiily
sgldiilensuaniuasudoyaludsiiaulagauiu msuvstiy
AMUIUAzUsTAUMIAling 9 Fohundotnednueaulaliis
foindundsteoyavuindouiielflunsiumdeyadiavls
nslédeyamnudniiiuniedeiausuuriiiedaslunis
dndula Wy nadondedud vie madaduladr@nyise
Tuszdutusing 9 dudu

nsgananiewesuninerdsuudedanuseulaly
wdyueing o dulinasiensandulaiind@nwisrevesinsey
Fusseudng 1dosndeanuuudedsauesulalduans
Tduinsldiinlumminedodudulogls qauaud
derunedadilusuladne uwasduandiiiuil a ganan
wf’iqﬁmesm"Lmﬁé’ﬁmLﬁmﬁu venndnmsthanuAnuiu

vudedinueauladuidiasied dududsslovidse

19 N

UMY LesanguImsazlansiu Inasimanisel

v
=% 1%

A9 9 TLARTU dolausluy N30 ANAALTUAIG 9 283

o

TnAnuifedostuuminends
STUURAANULALIATIZRANNARTILR DI INeNde tne
vuninaesiladsonasimuruinididuddaslunis
susindeyauaziiuiinsizi lneszuulaviinisiiu
i’mi’;wﬁm_gammﬁmLﬁumnﬁaﬁmmauiaﬁﬁﬁﬁia
uiInendelnevanun 40 wis wiaduumiine dotenwu
20 wshazuMIINe1de¥IuIa 20 Wve I5n1sAALEeN
wminendelagldinausinsiadusuaminendelanveaiu
lowun3ng (Webometrics Ranking of World Universities)
Lﬁla‘lj”mﬁLﬂi’]%ﬁLLa%ﬁ’lLﬁuaiugﬂLLUUﬂiWW‘ﬁILLafﬂ&ﬁd
UTU1UNINNEINIVBIUARZ UM INGIRE WU Real-time

VYa o

wazlusull gAdulatdeyaniinisinsieiuasionis

U

= o

afnmd@AyluwdazdivIaiumIng1degnna1ide Javia

TrlauadnsAUFUNUSINTIIAIA19 9 UrnIAINgIdean

U

¥
=

namddlukiyalauniigavse dinawansaldAglainiu
FadudeyanddyuazifulszlovivesBudumisvosnis
azveuliiiudinmdnvalve s Ing deanyuuedny

nYUdN

TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

@

2) N ufuazauIdeMingIves

2.1) M5USEUDRAN YIS TIUYIN

MEEITUVIR [2] A mmﬁuwaﬂﬂumiﬁams R
AMEEITUVIR ULABT A w9z ilanwaglanIzlana1eiuld
WU A1wng, AU wag Mwend Wusu Tnentwlne
Fnegluvszianvoaniwiilaifada (Unsegmented
language) Ao ludmsldionuszla o Tunsusuenvauiun
Y84ANDENTALIULALABIDABINATANISARAT L UAITUBN
vauluavesAlagldnauIynsuwazngliensalzesniwl

o o

[3] wigailvasnin AeAlusY;

Hnmsedilaiflunauynsa
wazAfAmmNIe NIy T9n15UTEINERAN TMSTTNYR
Ao nMsin wsTINYIATe Ny sEanalieli
aauineiidlaazulandumdsiuldnulalneiduney
msvhaagUlsssiolud 4]

2.1.1) mybnswibensaivesUsslonitgniesniy
nginaueivadlasiasn1w (Parsing)

2.1.2) n395UIsANUTNIeTeUsEleA (Semantic
Interpretation)

2.1.3) Mm3adugruanudiievsznouluniseduie

AMULeUeIUsylen (World Knowledge Interpretation)

2.2) m3snousuunretaelanyediulewnsnd
AsAndenunIneaevinlaeldinugin1sInouay
uninendelanvenfulewumindianvintulaelaiues
wn3nduay (Cybermetrics Lab) [5] veenguidsaniise
whsRUssmAady Wieldlunisianasunidsinisves
WInendefidinismeunsndunesidalasllsmmaud
Iasunsanunlunsansusetiunsinnnuaiuisalunns
Juuninededidnnsedng (E- university) lutlaqUuldvin

[

ASATIVFBUNNINGIFY 13,074 wiia ialdlunsindusu

v
o o [

wadu 6,000 susu Tnediulownindlaldinasiviondin
msdnsusuuadudusing q fseadeaseluid
Aumsusng (Presence) lunsinduauntdnivees
wiivendunelilawuddasldnadnsanivled Google
Anlunziuusovay 10
AIUNISINBUWNT (Transparency) Lun15Tna1ng1uy
TWdienans Tneld Goosle Scholar Citation tHueSesiiely

msin Anduazuuuiesas 10



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

aruanudulde (Excellence) Wunisiaannsiuau
unaagn1sE1eBeiiuTng el auurewming 18
wazanusaduAulanletIuled Google Scholar Antdu
ATWUUSDEaY 30

drunisgnueiiu (Visibility) 1unisinanaiedoya

U

3

F1uruR A (Link) A1euenidanunds uladvuas

U Ineds Antduaznuusesay 50
fii9819n159ndusuNnIIneaslulsenalneg [6]

wiatfusguia 20 wishazun1AnedsLonvu 20 WA A9

LERIlUR1999 1 way 2 AUaIeU

M5 1 wansInduiuImINedess lneriulewmsng U 2560

duau UM INENAY doda | Susulan
1 uiina MU 433
2 | paansalumine e cu 452
3 | wnepsAnEns KU 563
4 | el CMU 609
5 YDULLAY KKU 651
6 | wmealulagnszaounaisuys | KMUTT 857
7 | @watuniung PSU 899
8 SIINFANENS TU 948
9 | wmalulagasun3 suT 984
10 ULIAIT NU 1107

A15199 2 nansdndusumIneduenvulaeiulewmsng U 2560

dunu UNINYIAY Yot duaulan
1 aotuwmaluladuraiende AIT 1232
2 Sedn RSU 2768
3 waluladumuns MUT 2885
4 | ngamm BU 2967
5 daduy ABAC 3141
6 oA lng uTcc 3199
7 NN PAYAP 3821
8 Mideadunsziiesi HCU 4065
9 LMY SU 4303
10 | gshadnding DPU 4916

2.3) finasit/snd (Regular Expressions)
fnausnAvdelinidnd (Regtx) [7] fie d1dudadnusd
Tlunisimungduuunisdum Tnegniunldifiodum
Fornumiessnusingndesmmioulafiduunuiols 3
sunuuiidvuaansalddummsnussssun deanud

fruald 58 MoNusRLAY AILAAIAIDEITUANTIN 3

A @ TSN a ¢ a
FITNN 3 maﬁmamaﬂwm’luuwwﬂﬁﬂm

feyanwal AIUNNNY

\w dnwINNAITINGadyUsenia (Underscore)
N\ ailgsgnuanne

\s Y997119(whitespace)

\S Tailaresina

\d faunni

\D Ladlagan

[abc] uisnws a wio b vise ¢

abc Hussnuserlsaladilily a, b uas ¢




2.4) wismesionle (Twitter API: Application Programm-
ing Interface)

vimaofiofile [8] Wufnandmiunndenlesdeya
yAmmesiulUTunsIsEndig 9 amseuteyaannia
wesniedsdoyardiminmes fgUuuuidu REST AP
(Representational State Transfer) a1u15ald3unwuuiend
Wuwea (XML wisadu (JSON) lunssudidaya lag
Ta31finveinsidnunianmesiefilod msudnduinsgiu
(Standard) [9] A» Tu 1 UyTvesiniamuiainisaasiauey
g1 10 wed wagly 1 wevaunsadeAiesadeoya
goundels 7 7u uwaglasdidenivuaiiniely 15 w1

anansnsevetoyagianlaiiuiu 180 n1sfesveranss

2.5) M3UATIZVIAINFEN (Sentiment Analysis)
mMsinszianuidn [10] Wunslaseinnuidnain
foau Lilevsvenauidnvesdeninudiddeuids
V199819 19U ANNEENTsuInuennuidnidaay dsly
Usewndlneg gudinalulagdidnnsefinduazrauiiomnes
WerA (NECTEC) 1l uniisausguialduinisiasizi
augEnunldalulusunsudey (POP) [11] #3nAnuidn
vanulnelagirtayasnnninmesuiiinsieiiduniiy
Aauiudeuin AnuAniudmursenuAnWiudunans

o o A

2.6) v39eNE 709
¥iin1 8d3na [12] ldWaunivueundindudiniy
AazsinnuAaiuandennuuuniInmestlun1ssuils
\Fosvesgninantiunsiuwimilsededalut@ Tagldvin
wmofloflesiusindeyaninudniiudegsAaaindiid
AMumIeLAgafesfusuinIsngannuunIniae$u
AATEsnen15yile (Manual) fiazdeminuAniunas
AvueauantAgoswsaztaniukaziuidna AMiae
‘quLLa3ﬁﬂﬂimﬁﬁﬁﬁﬁ%ﬁﬂ%@dﬁﬂﬁﬁﬁmLﬁQﬁUﬂ’J’]&JﬁI‘UENﬁ’]ﬁ
Usngluenansuagthuiias e ivirunfigauintasideau
91781 wan1a [13] laviinasiiasigininmesiu
WRN1salaRTsARTRINSTUINaNRINszUsTunsumgiing
anagLaY 1nedrs1uTINtonuInInmesiuiuled
(Web Cravvter)ﬁmﬁuﬁaﬁ‘fj’uﬁum%u’quaw%mmai‘

(https://twitter.com/search- advanced) AURIA 18 LEY

TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

winnseffiisarulunaisisniail 9 tundnssiuay
Wiguiguauanuagd 9 lagiia1sanainduiusnin
AN LLﬂSLLS‘ULLﬁﬂﬁLﬁ@%ﬂM%@L‘Vlﬁlﬂﬁﬂjﬁhﬂ q Aldieatesiu
Tunarsdaniail 9 laease LU n1suUsdnesusanis
LAUYUIU 6?5@ww;mszﬁé’qﬂdnlﬂmmmﬁummﬂﬁwﬁ

Wetasiulunaisiynian 9 lilaense wasdnnguiseesny

wsawan1saiindulugisailanaivile

o o

yuglvun InUseiasy [14] vinddededianeaulaund

a a ' v

dviswasianisinduladenarenisdudunuandunisdne

caa i

fadnsnavesdensulauiiinananisdndulaiiallunng

U5uUsrismsUssnduiusvesatanisiu muiddeduillald

[ ' Y

quaaumﬂummﬁu%auaﬂuﬂaumasiwﬁﬁm

U q

o

NWW%WBW%&JLﬂUW?ﬂWaW% FIUIY 400 Ay Iﬂﬂwaﬂqia g
= saa i v a = a
WuqqﬁaﬂﬁﬂﬂaaulauwmNam@ﬂ']i@]@ﬁuiﬁ]l:a@ﬂa']&]ﬂ'ﬁuu

sala ]

sunuiteglusgAuUiuna1e Invdedinnesulatninase

'
N

miéfm?ﬁu%mmﬁqm Ao #1u “Social Network” Fedeiidl
naloun “Facebook” “Line” wag “Twitter” auaey on
1ABFNU “Discuss” “Review” waz “Opinion” Aofidnale
WA “Pantip” “Dek-D” way “Kapook” M1ud1AU #1U
“Online Video” ofifinafe “Youtube” “Vimeo” uas
“Vine” mIUasu f1u Weblogs Aofidnalsun “Blogging”
“Blogger” Way Exteen AUAIMU UagA1u Photo Sharings
Aofifwalaun “Instagram” “Pinterest” waz “Tumblr”
ANAIIU

divw gassand [15] IiAnwiAeafuiiededidinase
nMsnAnwaslusgaulTgaeslunniineaemalula
3199AADAU UATIIVEL (Fruuladnn) laun Jadeau
andnwal drundngns aruvaradiudd Tagldy
wuvasuamduaiosiielunissiusndoya Tasannis

drsranuinaviuuvasuamdulnglinnudidyiuniu

Y

[ YY)

AMNANYAVBIUNIINGIGYUINNAN DUAULINA AU

q

a 1Y Ao

AanuddyAoduuning 1d e niveIdeauuiu 509
wde usminedeifinanansdiisuasiinnuiideornsy
Siuiansdosundngns Jadefidunniianfefinigsy
thiseuluszuulmawidesunss sesnfevdngnsiilnaey
whumsiuamaindn uarlusumgpadiudtladeffing

WINNAAAD AVANgATLAAIUIIYINTINTUAIINABINITYY



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

FniFeu JuidufuusiliideniFoulumninedousiad

Wiewdnlnafauienlunminetdowiad aud
megyaun ganing [16] lavinddensaiadeyamaiianis
Fousvesadeslasldinaianisinuiestoninu lay
Usvenaldnsvinniiesteniiudunisldgiuninuiesuln-
a8 lun1sadndoyauazdaiumrdrAgaieldveuian
wnAnnsi3euiueuades uannsAnwikaziiase
daymmsaadeya Woszyvouivnvestoyaiiiunly wu
Adednngazeglugduuulnd POF wudiideyminis
aznadiln wazddguiAsafuassuazissaugnd uaz
Fnwurdiluniwilnedlddnisdudesinaniou
2 iodld v

awsanguenvasilgnilunisdndl Fsdedldgiuniiug

e Y
v v [

oaulnlagudiglunisaintoua nasanmsulymnaids

Y
o

swsudeyaiililunidensnuilneuazniwdsngy 9
Viuled Thai Journal Online (ThaiJo) LAula@ Thailand
Library Integrated System (Thailis) L3ule@ ACM Digital
Library (ACM) wagtiu'le s IEEE Xplore Digital Library
(IEEE) sausavun 607 adu demsvieuasusznauludae 3

du loud n1simIsudeya (Processing Module) n13afin

[

daya (Extraction Module) bazn1sulanadnsnisanin

€

Toya (Generator Module) sluudazdiuazysznauly

Feduneutes 1 ludrunisinisuteya 1vu nsadn
daA21u31n1Wd PDF n1sdauvsAlneldidndnseou
(Lexitron) MsMdnAmen Msuanadnsnisanindeyalay
ﬁw%’agamﬁ‘&mmma"ﬁumwuﬁ 1wy ndaannnisesnuuy
wagauiszuvain §3delavinnisuseiiunalaeld
3oy 3 v wasTeuifisunadwsiildanunanuya
ey WU’j’]ﬁﬂ’J’]ﬁJQﬂgfadLQ%EJ%JENUVW]’J’]M%"UW]’]?
mwlngegiifevas 71,34 waruvAnuAvnmsn wsangy
oejii¥ovay 87

U o o o w

Weadd aveas [17] Lavinddunisanamdididgann

3 ] o

o

undngentwdengu TaslusnAdedlavinnisadamdndy
PINUNANGDIINTNEITNUSUAZ UNAIUNINITINT 1oy
audnvazliludondiiviandudddy sanundade
Uszneude Fai3es auenvesd Arvdnuesdi (TF-
IDF) AnAnudnfyuesdineienals (TTF) wagiunisil
Usngrasrluenans lagldunAngeadnuiu 320 unAnge

wusduarniuled Thaills §1u2u 120 unéngs way

v |

unAndenimdAyeguduvitiy Tngldhmddgyieglu

UNAREau1dAYin Corpus S UNIUIYNTU Computer
Science and Communication Dictionary m'ami‘ffla‘uﬁ;
w99 NLTK Tunsinuusaminsindniiuasminivgn wag
tienfeideadenuaniziuinainiwinnismiiaany

819983A1A 9 NIA1 TF-IDF WagmIAINATIUUDIUTINIA

v

Plauue dunUSeuisudanesiulunsesiia Weka tagly

v

2 38015 Ae auliidndula (Decision Tree) wagnisisaus

Y

wuulugegnedng (Naive Bayes) uagiiasigsinalaggindile
assuynAfusuatursensIuAuINEINaINAUaty NG

nsneaesludiunIsAuAu wudl Msseuiegedglien

2

AugnAesuInnIdulidadula diunismiaudnuue

v ad

nud AanwenlunsmAd1AyANgafie ALET7

q

° A

Y991 %3081992NaEAIN ANTIAMUNEIININAINAIDUT

TomafiazlumdAguesenaisiuninniiAifdaiiug1a
oy

o

ngil giviug [18] ldvihuddesesnisadnddgy
- ] a & a ¢ < s
nnsFeansUndeUnkuuBiannselinduuivuesa lu
ATeildunisadanguridrdyandeyadiiiunisdes
' a a ¢ v a o Y &
wuudndeUnkuudiannseling laedayantunldidu
Foyaviniuled Pantip $7uau 17,738 nszy laeld

w3esile HTTrack Website Copier Tunsiivdeya uaziiu

1Y) v

foyaiferiunseiiemis lnedeniivdeyailloninsey
warAUAAILA1 9 thiayadildundaudsidianioade

SWATH wagvinmsenwuaiaanuiiswusanslealeaanann

DX

fu Toeligo1udiuiu 3 audndulavarldinueideedu

Y

Tng) Wnedeuldudaansledleandu 102 anelesde way

JayaninaouargnuLUsaneledlenmn1SUSUARILUS

Y Y

' =

a9 9 Wielanelaslelndidssiudssdilngvesnisindu

[%

YDIEBI1UNEIT F-measure 11bEluNISAIWIN 31NTULN

Y

naansuaInsinkUaiionnuundursuuniafans ity

av v '

AsaakUalenieanainiu azvinlvideuantag nuu

Y Y
v

saniluonaisauasyn azthunAwIunIANRTnNguAT

v Yy

d1AtyAI838n15 TFIDF wazligldemdon 20 A197n 200

17

[ '

uduwsnveudazngy naiusadrluiauideld way

o v a

UUIAIUIUAIUIRENAIEAYBNATILUY MT-TFIDF way



dhuTeuifisuiu TRIDF wuimailaeududu 9 1Juen
drgyngldladentd Jsaguladn msadadddyaieisnis
MT-TF-IDF Tinaaws#ind138 TF-IDF iiieqagnaiien lnedl

o v

szauAMuLUlan 90% warlunisAumiAidAyainAlAl

o w

@09AnNnauAN FsunaualiNanISAUMIAIERNRNIN

seuanuiuledt 95%

#3%y Mdm uaziondnwal sawey [19] ihamadeses
nslddedsnneaulaiBuamunsuiiioainsauduialunis
Fuinmdnualnsndud1vesssia taelddnwinisldnTene
Fauooulavueundduduaniunsuiidiareninudsa
Y993579989UTENoUN1s N15a1emsdud uag
Wisuifisumssuinmdnuainsdudniiinasionisindvla

a v

Fonteduduaruinisvesiuilaa lnsidusmuitouvy
Nauwmuﬁﬁﬂgﬁ@q@mmmazL?‘uw%mm Tudiuveads
AuAM Ae M3dunwaiLuudsesifuiusznaunisiil
FAamuannnin 1 wiluau S1udu 2 $1u Aegsivdseian
AN LATgSAIUSILAMDIMSIATESAY ABAUY
dunualnagUuudedensineidaion Tududs
U3u e nisdrsiadeyalaslduuuasuniuiugnen
$1uau 100 Au udaduiiuas 50 Au LilewSsuifisusesiv
AMudIAyNIsTUInmdnwalns1duAivesduslaniu
HUTZNOUNNT Aun1InAgauil (T-Test) IMNWANITANYY
wuin Hrufiifinsdeansiuiuilaaaiaue Wy nns
Wnauedud1 miliausmaassiuguilnaiasaluasdiun
U$uuge msldguanlumisdeans iiudiiauensidudn
n1sUSuUsedeyareddu wagn1suiauaiansssulml 9
Tgnénlifdiusaufuiud iewFeuifisunisuing
duveguslaniuauA1IAneveIusEnaunis wuin
nsldusundiatuduanunsulunisairenmdnualng
dufn MISuInTdu Mssuiaunmuesdudiuaruinis
nsideuloansndudn uaganudnidensidudiiaaig

o o

upnAeueeslitedAey

neF auysaind wazdang eludd [20] levinidei3eq
Svswadodsnuoeulatiiinanentsiadulatedudn Smart
Phone waand Gen ¥ Tu ngammamuas lusuadeiiiu
mAfedaiina Tnenguiedeiilife ndu GEN Y Tulwn
fufifenfangammuniuas $1uau 400 au laeld

wuugeuaduasesdiontdlunuide Tinszideyalag

TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

n1stdn1sitasizinisanneeiFanyna (Multiple

Regression Analysis) tNofnwiAudunusszniInetaden

denadiandnudedulunstdudi nan1s3denuin gaeu

Y a = o P al

wuvaeunwaulneidudvdgs fegtesnin 25 U fiaud

Y v 9

¢ o v =

Tunsld@edeanoaulayl 5 - 6 Flueredu wazdFedeny
paulavdsnasanisandulagedumauisninuluseauuin

Town saulaiiflenarladeaiife

N a

nauideifeadesilaunaueunagululudiedu
WuInMsleseiteyanuAniiuuudedueoulatinieg
91l “Facebook” way “Twitter” (Hudu vuidewmani
I av a1 a v 2 A
Juruddeieglunszuanaziinnuyimenatslssiaud
Judulunsidouasiauineseaifiourludszandldiiie
WILUSEANS AN UNISANTUNITVBINUILITUTINIALBNY U
wazdguna eglshfludiuveanisrunutazaind oya
ANuAALiudAyIndedinusaulatufiiieidesiunis
nandsuniinedelngludszinunneg Adudeyad ey
LALAIHAR BN INANWAIVRINNINY1EY wazaunsalddu
¥ v [ [ =3 6 1 a [
JayaavviounarJoundusuiduusslevidoumingde
#1199 Tunsmiumisdiuuaagiannussansamlunis
AWAUNITIVA SV ULALANNITONDUAUDIAIINABINTVDY
wniniseuiiaula dndnvidagtuuazdaulanill lagain

Y oA

MInumuNEITeingIteeifiduegidiiiy ausng

PdedilinunisdnausnuidenIenisiiiauayuues

o 2 o =1
MWL luUsERURINaIl

2) Fnseiuany

STUURRNIULALIATIZIANUAANIUA U INEd e Ine

yudadsnneoulauilase@s 1 9an ns A aEnslun g 1

3.1) MAUTIVTINTBYA
TunuilfAdeldvhmeifusumsdeyanmminmesiiu
MInmaseflaluun1sAUNININSgIU (Standard search
APN) Bsanansarfudeyalann 9 15 uiil uavdsiiosgean
180 A¥asstends Inslunsifivrusudoyaninminmes
§delald Crawler $1uau 3 sidlunisiivdeyann 5 wnil
Tnoifvdeyasdsdaiiesnasn 24 $alus Tagiden
wnivendeannisdnduduvesivlemmndlul w.a.2560

91U 40 uis wunduunIne1desguia 20 unsas



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

U IMeaeenTY 20 wie luAeny Adeuldsenuny
FOUNTINYIFE TTUIALALLONTUAAAILUATTIN 4 Ua 5

ANUARU

3.2) muesguLazAnuenToya
d1ureInsAnnsestayalininifsdeyadingudeya

U

fiv udnnsesauyndeninududeulagldal ID STR Fail
Ussiamdumesnuszlumsnsestoyaidesanudasninas
fiavszyitlinntu uasifuadugrudeyadmiuindoya
MntiuimansndeuUssamverioniulagldinaiusng
Tunsasreaeuguuuulssleaternunindlianvinmes
witle mndeauegluzuuuunienldiuniadudeniu
WWazyinstheasgudeyanienldon widndudenid

Taudnuwasidvamiuimdaules (Link) TUgamtnaves

o
a o

nintuegdiuinerastoninu ssviinisiienldiivaael
lae3 WedsdornuidunaziAvadlugiudeyansoulday
wisnlUdignssuiunmsiasgideyalududaly
Foyaiinldsueglusuuvuaduiivduiinaslugudeya
weslnidaoatandugiudeyadu (Raw Data) AIuaAn<

fvgngtunng 2 wazarasuiglunisned 6 lnglusidedl

sylddeyalutiumsungrineutiasuiag Un.a.2561

3.3) msuszaanadoya

[ a

JoyalBeataiiesy uanwwilduuazn1sindudu

TagTna1nUS U UTeAINUNIATNTNITNANIDIUD LAY

UNTINNFENI 40 Urie Fazuanamaluguuuunsmiduuen
Y3urunisgnnaniislusseziaan 15 Ju lagilasiuay

WEAASHA 10 UnTinedeninisgnyaisuunInmesiinian

Y Y

MUAWU NFUBNIIwardgAUIIIUNITYNNaRaLilafn
Juforaz uasuanstonnuninfididsiviudininunndign

FILARNIFIDE NN NN TNBVBITEUUTUN A 3

o o w [

dufl 2 nsanaaidiAyaananslunIng 4 1Sudu

o v

N3gUIUMTIINNTFRAIRIEN1TIEIuga PyThaiNLP [21]

A4 o o '

WadndA108nINUAazdeAINAINARLTILUUNIALA BT
(ugaetun 189 31 ousunau Un.a.2561) lnedeya
wualu 4 dUanii wazthdeyalundazduaninmnanuiad
InuvesianUszdndunv aantuiinisidenanie 1,000
o Y o o & A I v -
Ausnudnmmandndnavionguaiilululanauai

o o

UsENaunilg 2 ANananunnadiuLsnwagisenaiuiin

ee e

“addydudedu” Yuneuiliinguszasdiiioanlayninig

q

o v A d 9 1o o ¢
ﬂ']L(ﬂEJTV]llIlIﬂ']’]ﬁJVlJ’]EJWi@INEL%ﬂ’]WﬁNUuﬁm

Ee
=p.
R e
=

«

ANEIAYAKYL” UIMIAIUAVBINITNY “AN
° oy 7 = & v o w d'
dfgaude” du 9 ludseloadnasanasdndinuainuiives
o o - ° Aa = ' o ¢
AAnuuagiien 500 Ausniidianudgagnuasiaasduans
P v g o o w1 W A o W all
ol “Addaeuds” dandnidanuddguiniign
A A o o A ‘:1' v U v v -:4'
ety unuAIdus ANU LazaINNITINTUAUAILAINAYA

o w

Avisuafiatinandearuningniuindu “Fddy” way

v
o w o

<) « & o ”» o U ¥ a
vJu AILNUATIEIALY dmsudeanuninvavunly 4

#Unat

/ mMsnATITikarainAE ALY \

doyanufaii

QNECEEGHT
®—_’
— [ nsindayatuardayainin J

[ mydndusumnabuesin J

vuvinmes Iveya

mssindnndagyanin

msdugdud

A 4

= ’ =
MINATIZUAIITHD

[ m#nseimivesdoyanin

iﬁﬂaﬂﬂﬂﬁﬂﬂfﬂ“ﬁ’u‘iﬁdﬁﬁﬂﬁ1ﬁﬂ/

k.

A4

» v

ayaNTIRTuAULTINEEY

o

[ AdAginaitasiuuninede ]

U 1 lassadenmsussuufinnuuasinsisinnudniiuseumingrdelnevunisnaes



id: 0

ectId("5d82f8cB67ad6f33a48f8946")

key: "Mahidol"
~ data: Object

created_at: "Mon Dec @83 13:52:05 +2000 2018"
id: 1869590095970238465

id_str: "1069590095970238465"

text: "1ADudLdAbudY KING pinatarfidavuiiuna: wizia
truncated: false

entities: Object

source: "<a href="http://twitter.com/download/android" rel="nofollow">Twitte

in_reply_to_status_id: null
in_reply_to_status_id_str: null
in_reply_to_user_id: null
in_reply_to_user_id_str: null
in_reply_to_screen_name: null
user: Object

7640705
231037640705"

markson390"

description: ‘[ils‘u Hage
url: null
> entities: Object
protected: false
followers_count: 161
friends_count: 43
listed_count: @
created_at: "Thu Apr @85 14:15:55 +0000 2018"
favourites_count: 12896
utc_offset: null
time_zone: null
geo_enabled: false
verified: false
statuses_count: 8191
lang: null

JUM 2 fegdeyannninmesieiile

UBATIUNIA

A13AAAT

| n15EDNAN 1,000 SuduksninviinisHaud |
! v v
FdfnFut ARG RGN AT Aut
(2 @) (2 7) (2 @)

I : ]

TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

M50 4 Ardledue TlenldSenunueninendeiguna

810U | UW1INeIdy Andlgnudue

1 WIMeSeNding wiina gnwszdan
WMAYATYY #iiy

MU

2 PAINTUUNTINEIFY W UMdEAYUN

WNFUUAIENEY
Winanue gnmse
o gnanugs #ity

CU #iium #7179

3 WMINeREnYRIAEns | annsEiIl Wnuns
s =
INYASAERS #13uN
#un #iuku #iiy
INYAT #NYAT

JURNIN (NP

il WNINgaeLdealng #uv el #

o
NUUY

5 WNIMEGEYRULAY #uv gaidmienedu
WA UYBUUAY #

o
NHUY

6 wIneraenaluladnse | #uas #NUIaUR

FDUNATUYT #KMUTT

- 1o 8 w11 e =l 3 ' a P
nTaangFA1AYLTINLALATDIRTUTINGTIIRUEER 500 DuAULIN

[
v v

ety | l fAddny

)

JUN 3 urunmnsEUIuMsnuYeInsainddAny

7 WANgduavaIuAsUNs | YarInse vaswan #

o
NUUD

8 wMInerdesssumans | s3sumans gnullau

L e s e .
WoU3h Awea1ase
{1y #us #ANLS #

FUTU

9 wiingrdemaluladias | una gnuannes ugs

= =] = =]
U3 UITANUFIUNT

10 UNINY1RBULTFT ANWITULIA UULIAT
I3 a
H#ANUBUD #NUUUY #

1BUD HNUULSAIT




TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

10U | UN1INende Aflgnudug
11 aordumalulagnsyaey | fAuainnseds #kmitl
NANTIIAUNTT WILIDUNTNIA
amnssUs NTANANTEUN #
@va #iuaaa
12 UIMINYNRYATUASUNT e 1en
Tsou LMINYIRBATUAS
UNTIN
13 UAINYFIUMETAY 13.a AUMSU
14 WIngaedauIng 1N #9USU Aauins
15 WNINEFIYTN NYs ANYII A
BUU
16 LMINaBLI A uvla finmeeLdy
sl vians AuMFU
17 aordumaluladnsyaey | funsyuasiuile
NANSTUASIUAT LINNTTUATITD .
fiukmutnb
18 LMINgaeudly s Auwdld A
MJU aualld
19 LMINaedednwel Taednual Aivsna
20 VNINIRYTWAE AUFTIUNY UsHe
qrium autiu AINSSRU

A o a B aa [ B a o
FN99N 5 ANUINBUS AllpuldSgnunulsumInenaeLlony

810U | W1 Inenae Adlgudug
1 aodumnaluladuisede AUAT ganvunalulad
1 a
uaeLde
2 UNINYIABSIER #RSU #uosedn #usa 4.
U a a U a a
Se@n#NuSadn #AURSU
3 wmIngrduwaluladum | waluumuas walulad
UAS UUAS
q UWNINGFENTUNN #UNN HUNFUNN #7TUBU

#0y #udy
Y Y

10

A10U | Un1INende Andlgnudue

5 WIS aduty #oBWUA HABAC #
dadudny #inabac #1u
LaLun

6 WIngdevensAlng anuilng #AuUTCC Win
PINSAN #AUNBNSAN

7 UNINYIRNEN HAUNTN AUy NN

8 URINYITeFIReREN | #Fder #uan AuHCU

NAUSH

9 1IN S 1@

10 wmingrdegsiatading | gsfatuding Auusu fix
DPU

11 AN WYYIEANG 1EYIRANG 29IEANA
Fiun Aiuvu

12 1MINeIaeIsTl 579571

13 UNINY1RBTUTAS UFUINT

14 UNINYIRELNBUUUTR nwuluAn #Ruinvy
LAWY

15 uInedevingeil vhgetl

16 UMINESeATUYY iuspu uATUNY Tues
U #DekSPU
#SripatumUniversity

17 UNINBIAEBLATA 1030 FIUKRU

18 1IN IRBLOT DALY LAY AINSAU

19 Wedeiuinged Iedeiuivqed

20 1UYNINYIRYLTUA DI LYNINYIRYLTURIDIY

LYUAIDNY




M5 6 S1wazBunvestoyagndnauINInmesiofte

TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

Fotoya A1adune sz
doya

_id e GURNRHG! object

Key Fouminende string

data foyafidsnanninmes object

created at Juitadradoninunin string

Id siafavduiuAniiessy | int6a
nnglavdeninunin dvuings
3153 Saldid_str iflensiaaeu
audaendudniu

id_str 5ﬁa€1’aLa%ﬁLﬁU1u§ﬂam%uﬁa string
SEUMINELaUTaRNNIn

text YOAIIUNIA string

truncated Tanulignineanliuiediu | boolen
el

entitise YoyadiiAusisazidonusvudin | object
whiay '”m?‘ifl”mfim

metadata Wudeyanwiinin object

source Widefin1veania 19U weu | string
as0en vise Lium Wudu

user ”a;gasuaag?mim object

Id safnavduiuLAniiesey | int6a
Anuvesly dvuingandn 53
30 19 id_str 1ilens19a0uUA1Y
Uaenfedniu

id_str siadtaviivlugdansaiile | string
sryimuvesld

name fo :‘L%ﬁ'mmmé?d L84 (Display | string
name)

screen_name %aé‘ﬁ' JUsername( string

location Usenmangldvindennnu string

description JornuaTugfinuely string

url derdmiuidenleniuladaes | sting
il

protected finsdeatuninmediiiolils | boolean

vl Y v oY '
gouanunsadndisliviels

Fodoya A1a5uNe Usznm
daya

followers_cou | F13ufAnAY int

nt

friends_count 57u’4ur;3‘1%aﬁﬂé'ﬂ§mmm int

create at Juitadretyininmes string

favourites_co Smunindiduveu string

unt

utc_offset nandifinvesly null

timezone Iﬁzjumawaqr}fﬁ% null

geo enabled | Waldoundsiulsunamdeld | boolean

verified Tdlasunisdududiiesuas | boolean

el
status_count | s1urudernuiiniaanueves | number
Ay

lang avndigliden string

contributors_e | ihsanilavasingsimsnydou boolean

nabled

profile_backer SRS ey {lden string

ound_color

profile_backer gﬂﬁuwﬁﬂIUﬂWéﬁ;ﬁ%’ﬁﬂﬂam string

ound image | ASALUU http

url

profile_backgr gﬂ“ﬁu%ﬁﬂﬂﬂw éﬁ;ﬂ%ﬁﬂiwam string

ound image | &IALUU https

url_https

profile_image | suunudnuvesUgdgldiivlu | string

_url sULuv http

profile_image | guunudnuvesUadgldivlu | string

_url_https JULU https

profile_banne | guunUnyBgled string

r_url

retweet_coun | MUIUININVDITOAIUNIA int

favorite_count | Smnuduteuvesioninumin int

favorited nadureuninvesalewell boolean

retweeted NAININYIR oIl boolean

lang Ml string




TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

Real time University
Chula
Thammasat
Srinakharinwirot
[ o200 ]
Assumption
[1s272]
Siipikorn
Kasetsart
@n
Mahidol
(=2}
Chiang Mai
@

Suranaree

SSRU
a

yufion ndy Bonunheien yuaieieiu ldeainse Gunacitignire i # o rBunenss htps:/t.co/IOPTKWAZAM
Thu Nov 29 06:06:38 +0000 2018
1112403

951 waudniFeu ph Aoliiienadunesapandsens: dndouimTussniodundingu 6 Tuabu luphfe... htps//t.co/a4gg3JekNN
Thu Nov 29 06:18:39 +0000 2018
110372

wniFoyamTnntnies: - Thaiio umaramimmmesann dudn - nedwed o - Inefinud um - Imeiin.. https://t.coftvoXXp7kBu
Thu Nov 29 06:18:39 +0000 2018
©110372

JUN 4 wihvevesssuufinnuuazinszinnudniiudenminedelneuuninmes

unIneabiguIa unnaganyuy

Su g wilisonawd AU =
15% SR wen1s&a waluladuvuas
URINTUMINEAY 2% 2%

UNIEIAN 2% 1% By q

3% 18% gsnavuein
a b SN ’ 1%
1711”{]5'2\15‘1114\'1'] ’QL N 30/0
3% 4%
wialuladgsuni
4%
InNuASANERS o i
. F98n GLERN
ATUATUNT I IR 8% 49%
Woalwai 16%
6%
fAauns
8%
Py WARYARRUNTZNYTA
11% 23%
' ' q’ ° o a & o 1 = a o
U 5 Snnudadiuvesaudndiuiinanfaminendeiguia FUN 6 MNNUAAEILTBIAIUARIUTINA IV IABLONTY

4) NAANSNFA AU ULALNNTHATIEN

4.1) FIUNTITHANNKANINTIUAIIUANTUN DUV INE 1A

a v

{I9eliinTIe s ina T UUANN LAY AT

L4

ANuAaLiuReunInedelneuunisnesinelddoya
Turaadun 1 waednieu 83 31 Weowsunan Yn.m2561 &9
HadnsUTINUMIgNnaNfuunInmesuanasulunng 5

Way 6

12



91009 5 wud1 pinasnsaluminendeiuiinuns
gnnandsgegadniduuszuiuiosay 18 (4,730 nin)
umInendeasuasunsilsaanduussuinudesas 16
(4,186 n3n) wniInedeudinanndulszuaiosay
Uszanal 11 (2,642 vin) uninedesssueansanduioy

a <

ar 10 (2,618 MIm) wazuIngIaeRauInsAn UYL

a v o

Seuay 8(2,091 nin) mmﬁ"}muﬂmﬁmmmmﬂ

UNIINYIFOTINUA 40 wie wansldiiudsuualdy
WIS flaSuaude U unIneoSluLAaz 129178
LLa:m%mﬁiﬁ%’umi%"vﬁ'mqwzﬁiwiﬁ%;ﬂa”{,u?ﬁﬁﬁﬁaLﬁuﬁ
1@‘m5&1ﬁaEJ'N%’mLﬁ]uLLazﬁswazLﬁamMﬂ?ja%u lngnasilay
éﬁ’aﬂa'nmaﬁmmﬂamLﬂ?ﬂlammﬂmﬁmmawﬁaga L

o a

Adguildlunsisdoyaniniuninnesieiledad
Aoutatisuaze1ansoungudeyalaliiiganadniuuis
uninendodsnalideyaildmeunduiniiviinaes
4.2) msanarasyiiietesiuumivetde
PNNANITIATIZINIAIE A YlABLEENAT 500 SUAU
winfinvludszleauiniigalundazduaivives 10
unTingdefifinisnedsuuninmesinniign wuirdfiadn
oonunldtuusdndumitlifinnumneniedumiidsll
auysal Sansuidamlagldidorvydminaiuauin
FINATILRUALATINAOUAMIN T ANTBIRER ey Tl
IFannszuaunsdnlud@iliinaus Jaasliuaagunis
ﬁmmwﬁﬂuumsLfluﬁﬁfgmﬂmmﬁmﬁumaqéﬁm%wﬁ
Wiunseiudusaesauiuly uaviden 5 ﬁWLLSﬂﬁQL%’mw

o w a i

asmudaiuinduddidguardanudlunisldaugely

o

wiazduaives 10 unninendedslatayaduantlunis

'
d

7i 7 waranedAgiildihundinseiifindusianise
afndeyauazuualiufiuiaulalutisaaidig q dafegig
soluil

4.2.1) \NTUATDILARE UM ING 1R ITINT1URS
wansaiididaasiintunioiindulusaetu Wy o
wWavoaUstindsssumans - g1 1 adedl 73 Seasifindy
lugadaunuamiusagnuItuun e desssuaan gl
mayafadeifessuiunndediifintungluuminede
Fodaiduivianain warludasmesnmsadinaiir@nysiely

SELAUUMIINYITYIENUAIIN “DYINLTN” K38 “SUmSa”

13

TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

Srunuanetaiawldiuminerdeiuleyuanualaly
nsafiasidnAnuisiega Fawansliituindddndiadals
o1afimmiRtesiumgmsaiuegdluming duase

4.2.2) nmslddfifanuieitesfuumine deds
annsathlduddlflunmsdunndeyaiferiuaminede
the 9 ¢

4.2.3) N13AARINAINENWAINNNINE1EBIINAT
Usngludsgleadnuiunin vilvaiunsadnewtunis

o

afivauudlonsoiiseTangnisalang g Nerafinvula
WU ANNENUTS aANNANLTLNe UL A URBUNNINYRE
INKAGNENITANAANTIAY LHIBABIUINASNTVBINNS

v o o w =

afadd e iieutumaenuin fddiatnlilugg 1-
100 Ausniddrdniinseiunalaaslngladsegiisovas
24.825 923 101-200 AMAssAUNALRaESo8ay 21.26 429
201-300 A1 AsanUNaLaaioyay 18.20 429 301-400 AT
Aunalnasiosay 18.46 warluwie 401-500 assiuNaLaY

Seway 17.24

AT 7 WaaWSNIIANEALY

3 dU- Adrdnyiiadald
URIINY1AY AT
UMINYIGY 1 uhng, A1a1e1, d@UnIY, AANALA
uhna WANNAONE, Sudau
2 UhNg, UNNINYIRY, TOULSIA,
ANanen, #eULdn
3 UhNg, UMNINYIRY, A1ANY1, UNNHY
L 881NN
il UhNg, UNNINYIRY, A1ANY1, AAN
IAWANNAONE, Inenednans
PaINTal 1 goufivay, Jgandty, Sudow, 1Suu
UM INLI&Y LAY, SDUALIR
2 Fuandiny, Tuaeu, \in%, aounds,
goula
3 Fugeouy, Inendey, Iw.wn, Suaeu
AFy, MAWADS
q Suaou, Jvandy, douLay, nalntln
WANNAONE, 3fnzqin




TNI Journal of Engineering and Technology

Vol.7 No.2 July - December 2019

14

WL INEASANERS, VT, LANYAT, UNINEEE 1 .Aauns, 3v, iRading, iy
INWASANERS UIINYIRBLNYAT, flaung faunns, ae1nn
UAINYRBLAEATANERAS 2 u.AaUns, Audauing, AunuN,
VLYY, LLNEAS, FiNun, UASY, dawasn, wses1viman
LINYIRBLNEAS 3 w.@alng, vesd, Gumﬁt‘ijﬁu,
WNWASANERS, U1, UINEaE wInerdedaling, firaling
NBAT, YAINUIFBLAYATAERS, a u.Aauns, unninenaefaling,
fun famlm, sruwt, Seudauinsg
LNWASAERS, UMY, Fuun, u. UNINYIEE 1 aug, 1,579, Aey, aaundn,
LNWAS, A7 F19an ERH
URINEAY Pues, 39, Auue, dai-n, 1-atn atum 2 aug, ety 3198, aaundn,
ol finw MINEF8519479)
P, Aunen, d@ouniy, 317, v 3 aud, UINe1RET1vAy), Inende
nosn A, auns, MITANS
Fus, nsneen, Auu, wase, i il aaug, dunn, deUdy, QinTe, v
YN o
Pusr, 337, insaeen, Wk, 3 WNINedy 1 SYULBLUA, LANLBLUA, LBLUATNS
UAINIRY s, w.s55ummans, Heudes, win Saduy W, Bglauun, [WlewuA
5ITUFAERS &, WnIvendusssumans 2 snann, $hann, aaunvany, And
Fusls, WAINLFBEIINAERS, . lvmulne
s35UFERS, saain, Jusssumens 3 Tuans, sevaaving, uwudin, Seu
Fuss, WAINLFBEIINAERS, 4. LOLUA, NFANN
533UFAERS, NN, 532 il W1¥N, V19U, LOMUALIIU, TLanuR
Puus, U.5IINAERS, , Snunn
URNINYINYSTTUANENS, TITUAERT
o a <
an, wineu 4.3) nsnadouLarUssduaanislgausy vy
UMINYRY wIneaewmalulad, malulades - ~ v o y
! ﬂ’]iﬂi%LﬂJu@?’]N‘Wﬂ‘W@iﬂﬂ’]ii‘lﬁ\‘ﬁquiﬂﬂﬂqiﬁi’]ﬂ
walulad w13, 317, MY, FeuIm ., P .
s T, ot s T wuuaeuneaulatiiuia (Google IForlm) Imaﬁmlqasw
1 [ & a = o a [y
&mszﬁumsviaqt,ﬁm LWUUEDUANLULUUAIUADU AD MOUNKUY ANDIULAYINY
aneann, anasmuny, lifie, Foyainly Uszneusne satdndnu e uaz 01y noud
w3y, Beuti apsnuianelanenisidauivieduaznisesnuuy way
vhew, andamuny, indau, Geu nouflany Ao dalausiuzilon1susulgdlusuian Famnsns
1N, WU ig
UINYSE AAAINEXO, Tansa, manmin
ASUASUNTI WANNAONE, #iuen, Ussanuing
Tseu Aunen, wIneds, Wued,
Uszanuing, Seuue?
Uszanuiing, UmIneduasunsun
3501, IedeasunsunsIlsal,
Funen, Tuoing
uen, Useauling, uvninendues
UASUNTILSAL, LSeUNAT, Auuen



715199 8 JULUUMSUsERuRANsldnusEUY

v

Ja9 AN

1. Aanuill

1.1 LN

12 | oy

2. funsepnwUULaELaImN

2.1 | vhvdnianuaisay wazihaula

22 | midagluuudulediesenseruuaznisldnu
23 | @nleimnumsngay

24 | wnadidnysuagguwuumsnyIiliauLgal
25 | Wemilsglovdsiadldnunaziifiany

3. YolauDUULMLAL

3.1 | Yoausuugiisniy Aesnnlivindiuvseusuly
University Monitoring
3.2 | dawnsadsudiomannnsinnuuvninendediu

Weamivinuaulald vinuaziasuduesls (W ane,

4 =l I k%
2NEUAS, N5 LTu)

Mnnsitaseideyaludiudeyanild Tnefisuiu
;ﬁmammuaaummﬁmm 259 au Fudunae S1uau
112 au @nduiosay 43.2) Angiwau 145 au (@n
Judosaz 56) wazdu 9 s 2 au Eaduesas 0.8)
LAY VDIENB UKL UABUNNEIUINNBYLUY 18 — 20
Yy 250 Au (Aadusesay 96.5)

Tudhreawanisimszidarauludwd 2 feonuuu
uite¥aanufiewslaranislégunisesnuuunasilon
YBI3¥UU WUINSIAzLUUdY 5 sEauaufianela Ao
3zﬁuuﬂﬂﬁqm (5 AzLUL) TEAULIN (4 AzLUL) SeaUUIU
nand (3 Azl sedution (2 Azuu) wazssdutiosiian (1
AZLUL) Fauansseazidonlunisnedi 9 Tneazuuunans
Usziulunsazdseifuagulddasielud vssiiui 2.1 dw
nseanuuuntmaniinuasnutasiaule duilesu
ﬂ%LLuumiUﬁ%LﬁuLag‘&Jagﬁ 4.00 Azwuu tneglddmsnnly
Arpnuianelaluszavinnduiy 143 au @Eaduiesasy
55) Wwazsedasn Ae seAuNigadiual 61 au (Aadu

$oway 24) Ussiauil 2.2 aAunsdagluuuivleditese

mssmuuazn1stdan dwilldsuazuuunisussiiuaioos

'
=

#1 3.98 avwuu glddlnglvidranuianelaluszduuin

[ ¥

31U 130 AU (AntJusesay 51) LavaIausedadun Ao

15

TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

sEAUNINTNanI1UIU 64 Ay (Aadudes 25) Useuhud 2.3

1

o
o

Foe d7lY dilllasuazuuunisuseiliuaisegi 4.13

Azuuy glddulnglvdanuiianalaluszduunn duiu

1%

120 Ay (Adudesaz 47) uazsesaawnfe szaunniign

U 89 Ay (Aavdusouay 34) Useifui 2.4 duauin

LY

g

@

nusuazgUwuudisnys dulilasuasiuunisuseuiu

Wigegh 4.04 azuuw Jlddwlngliaianuiianelaly

o
o

JEAUNINTIUIU 110 A (Andusesay 43) wardnunfe

Y -

szivngaiua 82 au (Aalufesay 32) uavdsziiu

a

fi 2.5 Frudevndvselowisofldnuuazinfinnu dwi
I#5unzuuumsUsziiuadsgafianilefisuuszidudu o
Taoazuuwadoogi 4.23 azuuu Tneglddnlngflraiuda
wolvlusgauuindiuiu 118 au (Amduesas 46) wazdn
U1 Aeszduniniigadiuiu 101 au (Aeduesay 40)
0874l3A7 1esnndedaniludiui 2 Tunssidud
Anounuuysviluldldssudineu Jevilinasiudiuiu
AneuluusarUsziiuenadiliviiiu
dwdudernuussdiuiifstesiudoausuusiiiuiis
ldniaueliiuiinanugds Tulssiiudl 3.1 wag 3.2 {3de
I¥asuswasiBoadeyadiudliluniseil 10 waz11

ANUARU



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

ANSNN 9 SeavdgaNansUsEuANRanelalunsIusTUUAUNTRINLUULAE LD

Do Iurugneunvudaunuluuiassziuazuu
v o . AzuuuRaNld - > —
o A B wniign N Uunans Yiog Houiign
(LY 5 AZLLUU)
(5 AazwuY) | (4azuu) | (3 Azkuu) | 2azswuy) | (1 Aswu)
2.1 | wihwdndlauaisay wasiiaula 4.00 61 Au 143 Ay 51 Au 3 AU 1 AU
o I3 & 1 1 1
msdnguuuuIvledinesanisen
2.2 Y 3.98 64 AU 130 AY 59 AU 3 AU 1 AU
warn1shday
23 | @nldianumuigeu 4.13 89 AU 120 AY 43 Ay 5 AU 1 AU
YUIAFITNYIUALULUURBNY I
2.4 4.04 82 AU 110 AY 61 AU 4 Ay 1 AU
AMUANTEN
Wemilusglevidegldauuasiin
25 - 4.23 101 AY 118 AY 31 AU 4 Ay 1AuY
Anmu

P15 10 Ferawauuziininlunmsuiulsseuy

Jaiduauuy

WAUIAINS)

Flalrogane

raglilaunsiunds 9 Bnwes 9

d1au
1
2
3
aq

penliilviuLiie3dn University Monitoring

aunsasintaladneuniadu

5 a13150 Download Data 7l visualization Tutiuun

apdauedlansy

o o

a v P Y] P va a
A19797 11 FelaualuziisRnindealtinuaulalunsinniy

U

Gl Fosiildniaue
1 nsiilad
2 MNPURT
3 A5 Aatu AUAY
4 LATEFNA
5 flun

5) asunan1seiiueu

nudeiladnausszuuihfnaiual AL iy e

a ) A o ¢ I
uuIneaslnevudedausaulal TagAusiusiuaIny
ARLAUTLAEITDITUNNINE1d8 819899 AN REIUN AU UA
JuuiaszvrawazUszitanaluneada et iausdeya
ﬁqwﬁwmé’&Jﬁgﬂﬂa'nﬁaLLazﬁwé’nLﬂumzLLaﬁwuuﬂm

woas Beanunsaldlunisiiesgrinanisaivieaniunisaiy

Sdauindu wu lutheduadasaousis q univededii
YSuunisgnnaifisgeonanineiianisiasuainuaulaly
nsasiasiAnungatuiu viafldsunisinindiuaumn
wdhelideyaludsiimaniuiteluransardu 1 14
Farauuntu uenanienifeatuilldinausisnisade

o o w v v a

wimddyantennulngldainuiedeinedieldlunis
Ansgivmmaaiviodsiitdaduiiyadsegluvas iy Wy
A1 “enidn” enadefauminerdeiisiyaaaliinaiy
aulaluiesmsidiAnuidoge wazdeanunsadislunis
Aannvidediansiihse dunsgananiie shlsiuminende
ansanenurseudluldTnidunntu
TudiursnsidsuaznsauIsosan luauIAm :3”8'17‘1'
aulsaunsamuosonanauAdeildiiausiiunisiin
JLUUA 9 ‘17iLﬁ&n%aﬁu%’agam’mﬁmLﬁuuuﬁaé’mm
paulauls o1y ssvvaiaadryLuuonlud® szuu
AATILALATIMUNANMUAALTRULTIVINLAZAULUUS A LA

a L4 a < [ va & £%
LLa%ﬁ%UU’]Lﬂi’WMLLa%ﬁEU ANUARALILORLULR [Dufu

nnAnssUUTENA
nanuIdeillasunisatuayuainauyssanaysnnnis

FRewaruInnssy Uszandeuuseunu 2562

16



REFERENCES

[1] Watee. (2561). “Statistic of the World's Digital Users,” (In Thai).
Accessed: Aug. 1 0, 2019. [Online]. Available: https://
www.brandbuffet.in.th/2018/02/global-and-thailand-digital-
report-2018/

[2] T. Theeramunkong. “Current Natural Language Processing,”
(In Thai). Accessed: Aug. 1 0, 2019. [Online]. Available:
http://www.jaist.ac.jp/~ping/paper/NLP_tis.txt.

—
&)
=

Choochart Haruechaiyasak. “NLP, Information Retrieval
and Text Mining,” (In Thai). Accessed: Jul. 10, 2019. [Online].
Available: http://www2.it. kmutnb.ac.th/teacher/FileDL/

maleerat178255420125.pdf

=

Service and E-Learning Development Team, The Office of
Computer.  “Natural

(In Thai).

Language

12, 2019.

Processing

[Online].

System,”
Accessed: Jul. Available:
https://cst.tsu.ac.th/courseonline/course/computer_it/ai/
nature.html.

PR. “Mahidol University is ranked the 1st in Thailand,
according to Webometrics Ranking of World Universities,”
(In Thai). [Online]. Available:

Accessed: Jul. 12, 2019.

https://mahidol.ac.th/th /webometrics-ran kings/.

—
(o)}
=

Burin Rujjanapan. “Thai University Ranking in 2017,” (In Thai).

Accessed: Jul. 29, 2019. [Online]. Available:
http://www.thaiall.com/topstory/webometrics jan2017.php.
Chai Phonbopit “Let's learn about Regular Expressions,”

(In Thai). Accessed: Sept. 18, 2019. [Onlinel. Available:

https://devahoy.com/blog/2016/11/regular-expressions-101/

[8] MindPHP.com “What is API,” (In Thai). Accessed: Jan. 25, 2019.

[Online]. Available: https://wwvv.mindphp.com/@: He/73A0
0z15/2038-api-Aoeyls.html.

[9] nutmos. “Twitter Increasing Conditions in using APl and
Developing Report Tools for Low-quality Applications,”
(In Thai). Accessed: Jan. 28, 2019. [Online]. Available:
https://www.blognone.com/node/104115.

[10] Oat Phattaraphon. “Sentiment Analysis VS Excellent
Listening Tools” (In Thai). Accessed: Jan. 25, 2019. [Online].
Available:  https://medium.com/deepverseio/sentiment-
analysis-ﬁ’uLﬂ%@ﬂﬁﬂﬂﬁuﬁﬂm-S?chM1b66a.

[11] S-Sense Social Sensing, “NECTEC and What ‘s SPT. S-Sense?”
(In Thai). Accessed: Oct. 15, 2018. [Online]. Available:
https://www.ssense.in.th/

[12] Chanita Lisirikul. “Business Sentiment Analysis System Using

Data Mining on Twitter Data” (In Thai), M.S. thesis, Dept.

17

TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

Information System for Management. , King Mongkut's
University of Technology North Bangkok, Bangkok, 2017.

[13] Araya Pudtal, “An analysis of Twitter in the passing of His
Majesty King Bhumibol Adulyadej” (In Thai), M.S. thesis, Dept
Computer Science, Chulalongkorn University, Bangkok, 2017.

[14] Chonchanok Chidpasert, “Social media influences affecting
the decision low cost airline,” in Proc. the 13th KU-KPS
Conf, Kasetsart University Kamphaeng Saen, Nakhon
Pathom, 2016, pp. 1222-1229

[15] Natcha Suwanwong, “The factors affecting on decision for
admitting Bachelor Degree of Rajamangala University of
Technology Isan (Quota System),” (In Thai). Office of
Academic Promotion and Registrar, Rajamangala University
of Technology Isan, Nakhon Ratchasima, 2017. [Onlinel.
Available: https://www.rmuti.ac.th/news/attash/721d0b
0232717ccfa663943bdedfcfd6-20170828-2-1541-7433.pdf.

[16] Kanjana Sudatip, “Information Extraction using Machine
Learning and Data Mining,” M.S. thesis, Dept. Information
Technology, King Mongkut's University of Technology North
Bangkok, Bangkok, 2016.

[17] Thassanee Uthaisuri, “Keyword extraction from English abs-

”

tracts,” M.S. thesis, Dept. Computer Science, Silpakorn
University, Bangkok, 2013.

[18] Ekkaphum Phumiphan, “Extracting keywords from electro-
nics word of mouth in webboard communication,” (In Thai).
M.S.  thesis Dept. Computer Science, Chulalongkomn
University, Bangkok, 2011.

[19] Sirichai Deelers and Yaowaluk Ruamyoo, “Using Social Net-
working Applications with Instragram through to the Success
of business in Brand Awareness,” Veridian E-Journal
Silpakorn University, Vol. 10, No. 1, pp.1422-1438, 2017.

[20] Kedwadee Sombultawe and Siwakorn Anoree, “The
Influence of social media affecting purchasing decision for
Smartphone of Gen Y in Bangkok,” in Proc. 12th Naresuan
Research Conf. (Research and Innovation for Country
Development), Naresuan University, Phitsanulok, 2016,
pp. 1558-1567.

[21] Wannaphong Phatthiyaphaibun. “User manual PyThaiNLP
1.4,” Accessed: January. 24, 2019. [Online]. Available:
https://pythainlp.readthedocs.io/en/stable/pythainlp-1-4-

thai/



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

= = g ¥ v = v =~ =~ = ) = )
ﬂ']'iﬂﬂ‘l.?}']UﬂE]uam?fUuwﬂL'clfﬂL°U'1\‘1'TL!LW@LU?!EJUWIEJUﬂULﬁ'iENUUVIﬂL?ﬁ']

o v ¢ A o ) a o ¢
‘Vﬂ‘lja'l'il;'e']w‘l'é]ﬂﬁ'\‘iﬂ'ﬁ‘U\ﬂUU'ﬁ‘W'\'ﬁ‘WiWﬂqﬂ'iﬁJ‘l{Uﬂ

AazUTMITEINY aorumaluladlve-giiu nyunnuviues Ussimalne

finususzauay 8ia : yuranan@tni.ac.th
Sudiuatiu: 5 fugeu 2562; Suunanuatuuile: 20 ganau 2562; ARUTULNAIIY: 29 AL 2562

wWeunsoaulat: 25 Suiau 2562

UnAnge
szuutufiniandiesnau (Time Attendance System) fardumaluladansawnalunisudmsnsnensuywdfidAsy
vosdmihidheyaaalunsasususmdaluemsvinuienisdeludew Jagtumaluladniesldanulunisduiinig,

WreenaulussAnsdulngAenslddnsnidnauunavutdindnensienled (RFID) wngiiaseseudnsiietuiiniign a1n

msfnenuinnaluladdneud Beacons awnsathuusygnddunaiosendoyantnauldlagld Mobile Application

¥
Ay aAa v

vosninudenrsuardoyar udyan Bluetooth waduitniiandiesnveminay »uidediingUssasdiiefny

q

mathinalulagineud Beacons Wnldlussuutuiinandiesnsiu wasiUSeuiisunanmstuiindeyassnindaoudiv
o1stenled (RFID) Tuszuutuiinandieenau Tnsnsdunailldlunstufindeyavesszuu anananisnaassduiian
seyanaszuutuiinnaensienled (RFID) awnsaasiaiiniilneud Beacons 1ade 3.4 Junit udlunisduansau
savan Tnoud Beacons annsnasnaniniiszuutuiinnatorsienlofiods 1333 Junit uarldsuanufisnelanin

inaaeuldinnnnitssuuduiiniaieisienled (RFID)

o a s

ar1aag . Ureud enstewled szuutufinnaldieau

(7

18



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

A Study of Beacons System Comparison with RFID Time Attendance

System for Human Resource Management

Yuranan Musor

Faculty of Business Administration, Thai-Nichi Institute of Technology, Bangkok, Thailand

Corresponding Author. E-mail address: yuranan@tni.ac.th

Received: 5 September 2019; Revised: 20 October 2019; Accepted: 29 October 2019
Published online: 25 December 2019

Abstract

Time Attendance System is considered as the information technology of human resource management which
is important for human resource personnel in summarizing the collection of working hours for payroll. Nowadays,
technology is commonly used to record the time attendance in most organizations is using an RFID, magnetic stripe
employee cards tap on the card reader to record time. From the study, it was found that Beacon technology can
be applied as an employee data reader by using Mobile application of employees to connect and transmit data
via Bluetooth signal to for time recording of departure of employees. This research aims to study the use of
beacons in the time attendance system. And comparing the results of recording data between beacons and RFID
in the time attendance system by the timer used to record system information. From the individual timer trial
results, the RFID time recording system can time faster than the average of Beacons, 3.4 seconds, but in total timer
Beacons Can time faster than the average of RFID time recording system 13.33 seconds and is satisfied by the test

user more than RFID time recording system.

Keywords: Beacon, RFID, Time attendance
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Abstract

This research aimed to reduce a defect in printed circuit board assembly process. The amount of defect of the
production process at a case study company was 4.39 percent before the improvement. The steps of improvement
were based on the Pareto chart and cause - effect diagram to analyze the problem and design the experiment by
Taguchi method in order to find the suitable factors. The effective factors in the process were a squeegee Speed,
a squeegee force, and a board size height. The experiment was designed as a tool to determine the appropriate
set of parameters in order to find the signal to noise ratio that had a smaller the better value.

The result of this research showed that the appropriate parameters to set up the machine were: a squeegee
speed was 30 millimeters per second, a squeegee force was 20 Newton, and a board size height was 1.0 millimeters.

After the experiment, it showed that defect reduced to 2.58 percent from 4.39 percent.

Keywords: Application of Taguchi, Printed circuit board, Defect reduce
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Abstract

This research described to the determine a mathematic model using artificial neural network (ANN) for predicting
the of tensile strength in the pressure vessel steel ASTM A537 Classl grade with submerge arc welding process.
The following welding parameters were studied: the welding current, voltage and travel speed. The resulting
welding samples were examined using tensile strength tests which were observed microstructure with scanning
electron microscopy (SEM) and determine a suitable mathematic model. The research results reveal that using a
neural network model with the proposed mathematical model, which tensile strength represents 3 neurons for
the input 14 neurons and 1 output neurons (3-14-1). The Levenberg-Marquart training algorithm was also train for
weight and bias network. The neuron of log-sigmoid for input layer, tan-sigmoid for hidden layer and purelin for
output layer activation function was assigned. The mean square error (MSE) and coefficient of determination (R2)
for tensile strength predict was showed that of 0.284. The welding conditions which have the highest tensile
strength was showed that microstructure phenomenon could be that fine pearlite and spheroidized pearlite with
distribute intensity in heat affected zone. The mathematical model that can be effectively applied to predict and
quality control of welds to obtain tensile strength according to the standard requirements, which was reduce

production costs and increase work efficiency.

Keywords : Model, Pressure Vessel, Artificial Neural Network, Tensile Strength, Submerge Arc Welding
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nAdeladnsUszyndldnisesnuuunismaassLuy
dond-1uutAu (Box-Bhenken Design) ds1duguuuunis
NAABIITNITHURIRDUA LD (Response Surface
Methodology, RSM) Tun1500nLUUNISNAaBY SIUEINTT
A5 1UUUTADINNARAAIERT d1MTUNITYUIZAIANLLAY
W59 s winsdenuuusiasiidaiuaninsaly
n1siutefudusnussufisuiveuudiaesdilaann
TasstreUszamiion dmdunuusiassvosiansiuin
pevAuDITIINEL RansanainAtdulssansnsnennsal
(R) dussansnisnennsalivuningn (RLy) A1mau
1agiureanisanney (P-Value of Regression) Wagan
Anuthazduvesnnumangauluaunis (P-Value of Lack
of Fit) dwifunuushaesiis 4 3Unuv TduA wuudasads
sUkuvnAdedad(Full Quadratic) wuuTIRBATLAUTIY
HanNs¥NUIIU (Linear + Interaction) WUUT1a09LTILEU
S2UALAIS (Linear + Squares) WAELUUIIADILTILEU
(Linear) Ingiiloiussuiis unanisvaasaainiuudiassmn
JUUY ‘W‘udﬂg‘dwaaﬂammimmzﬁmmam‘ﬁmunzam
loud wuudasufiuguuuvenidsaes wlddmivinsei

]

Joyaisy

1Y

fuanudesiu 95 wWeslwus (P-Value 0.05) Tngil

NaNISIERIRe UL

A9 4 NAaNTIATIEIALUTUTINTRIANNMSANTULUY

CAGNERR

Source DF Seq SS Adj SS Adj MS F P
Regression 9 11032.40 | 11032.39 | 1225.82 | 240.77 | 0.000
Linear 3 1140.00 2310.32 770.11 151.26 | 0.000
Square 3 8442.80 9348.42 | 3116.14 | 612.05 | 0.000
Interaction 3 1449.50 1449.54 483.18 94.90 | 0.000
Residual

35 178.20 178.20 5.09
Error
Lack-of-Fit 3 27.40 27.42 9.14 1.94 0.143
Pure Error 32 150.80 150.78 471
Total 44 | 11210.60

R’ =98.40% R’y = 98.00%

43

TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

NAITNN 4 NANITIAATIZNAULYTUTIUYDIANNIT
LUUAINFULULENMATEDY NUdiAIANuIRsduwenis
anaay (P-Value of Regression) LvinAu 0.000 &3tiounan
seAuANTatiuilafsanfgiuly (P-value <0.05) fatu
asunilsidunisanaeslusuudiaenfuguuuvenindsaes
a o [ a v L% [ aa a 1 L%
Nanwazidudadu wazladondnidnsnanaiade
povauad (nszualvin (X)) usedulnin (X,) wazaanusa

o w

Tunisidiou (X)) egeiitedrfyfissiuanudotu 95
WosLgud AoluudIasy msﬁﬁmmwmmmmsaman
wuUd18899R15UIAINAIAINUIL T uve IRy
winzauluauns (P-Value of Lack of Fit) wu11A1 P-
Value 904 Lack of Fit 11U 0.143 Fs11nn37 0.05 (P-
Value 0.05) aguduuudiassfugluuuenidsadosdingg
woLfies wuudiastAugUkuvenidd@eadia R? winfu
98.40 LUasiaus uazen R,y iy 98.00 wWoesiyus 1Ju

#uUszansnisenaulanuinala

Residual Plots for Tensile Strength
ility Plot of the Versus the Fitted Values
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N3ANTUNITNAGDIIABITN1IATINADUAIUYNAB
LLazm:uwamaaﬁﬁagaﬁlé’mmiwmaaqImaﬁmmnmﬂm
N1SUANUIITRYAUUUUNAVBIAIAIIULAULT IR
(Probability Plot of Tensile Strength) fifid1 P-value
0.063 fetundarn P-Value vosni1snaaeuiiAiuannin

1Y o w

futisdn(a

@
o

3 = 0.05) Yoyadaiinnuuanuasnuulns
Lagfinnsugudl 8 wuindeyafinisnszanednuuund
(Normal Probability Plot of the Residuals) a1ngalens-
WNTUTBIAALARIAATOY (Histogram of the Residuals)
finsnszaredanduzunsauuuund viliuszanaladnen

ANUABIALARDUINITLINLAILUVUNR LLNUQﬁf‘I’ﬁﬂﬁBﬁ]']‘&l
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WiguduatUszuna (Residuals Versus the Fitted Values)
‘W‘U’ngﬂLLUUmmizm&J&\’aﬁuaqmmwﬁmwamlﬂé’ﬁ
anvaziuunTIgUaelUn v3egukuudlng n13n5IaeU
& a | A
AU UUBdTE (Independent) UBIATAIINAAIALARDU
NINTWINUNUNANITNTE 218 (Residuals Versus the
Order of the Data) NU31AISNSLI1YFIVDIATAINY
A a A g a I a | v
AamndeulisUuuuiiudasy ldfiguuuuiuuueunanal
viudiataluAatataasuiiaduludaserady
(Independent) [23] AstuRasuldinguLuunIsnaesves
wuuaesaunsinglsuvenidaeiinnugniecuas

oA A P
Uodiols

Hold Values

Voltage 24

Tensile Strength

Travel Speed

Welding Current

3UN 9 uansiiuiineuauesvesdninasiusening 3 Jady

Allunsive

NFUN 9 WUIHURINBUAUDIVBINTTYINUIEAIAINY

a

WAULSIRaNAN e AImINran Fetaduvasnisieuiidnsna

¥
A a

1nRBAIALLALLTIAY Tnedadefiuanslsiiiuiuia
navAUDIfiffian d1miu A1ANNLALLSIAsgIan A
nszualwinlunisiend 340 wonuusussiulaiih 26 Toad
wazanuilumsiden 24 lwudunssioundi
wuudnaetvesann1singULuvenidsaes dmsuan

AMAULAULTIAY WERIAIANNIST (8)

Y, =-1103.23+53.919(X,) +29.043(X,) +118.053(X,) —
0.069(X,)* +2.104(X,)* —0.874(X,)* —0.143(X,)(X,) —
0.027 (X ,)(X ;) —2.669(X,)(X;)

(8)

o

LLUU%’]aaﬂﬂﬂJﬂﬁiLauiULLUUEJﬂﬁﬂﬁﬁﬁaﬂ‘U@Qﬂlﬁﬂ’ﬁllLF”WIU

o

LssmaiidesnAansIdaunssail nssualniinex,) 9 340 s
380 wouuds, usesuladinex) 7 22 89 26 Iaasﬁ WAy

AMSluNTIeN(X,) 91 24 fi9 30 WwuRWATABUNT 1D
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Yio = AIAINLAULTIAS (LunzUidnia, MPa) X, =
nszualnin (wonuus, Ampere) X, = wsssuldn (ad,
Voltage) uag X; = Ausalunisitou (wuRiunsneud,

cm/min)

4.2) HanTIEUVUTIAlATNT IS A LTI
LUUT1a09lUNITEIUIgAIAIULAULS SAIEI RS UNS
Lﬂ?iaumﬁﬂﬂé'm,ﬁaé’uaq LNTA ASTM A537 Classl %’GL’TJui’a@
Al4lunsvinus LUIIUEN sndusosdinundused
disanalunisfuanuduludnvarene dieldlianau
Fomeiinturazyiinisldiy wwusaedaseieusyam
Wienfimanzdmsunsiueaianudulseie fe Siseu
Tududune 3 flaseu Swuliseulududoud 14 Saseu
wazswauiseulutunania 1 Shseu (3-14-1) nsiseus
wuulaludsn-unia susuuilendunisnsedu Ae aan-an
wegs dmdutuid Haiduunu-Snuees dmdududeu

wazanTuieSudmSUTUNAANS

--&--Target

J 3

—8— ANN Pradict

1.3 5 7 9 111315 17 19 21 23 25 27 29 31 33 35 57 39 41 43 45

Welding Samples Number

JUT 10 wansnsieuieuaanuiruussdatmanefuailaan

wuudaealasengUsyanniiey

mﬂgﬂﬁ 10 mswUSeufisuAwadnsiildainuuusians
TaseneUszamiieufuatmanesiuau 45 a1 wuiend
IFannuuushaeslasenessamifisudailndidosiuan
nadgwsuan eiinsnadeudszanininaenuusians
syrawuuinasdlasetneUsyamifien warkuudiaaafal
sUnuvenindsans drurudeyadldlunisnaasy
UsyAvBamaasiuuinaesdivinun 13 a1 lneidudeyafiss
Lilgfinsldlunsmadey nuhmaueisrainniouses
wuusandlassneUszaiioy wiatu 0.284 Feeunin
ﬂ'maéamwmmmLﬂﬁaumﬂquaﬁ’waauﬁugﬂl,l,waﬂﬁwé’q

@999 0.658 fakanalunis19n 5 aauwansliiuia
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LUU1a89A59918US T MU NS 19TU @11159IUNAN

ANLLAULSRTlANsBelndlAestoyadsewn

A ~ a a a ' o f = ° I o w
H1TNN 5 LU?EJ‘ULME’J‘U‘IJ?BﬁWﬁﬂ']W?ZM'J’NLLUU?]’W@ENIWN‘U']EJIJ?BE‘I'MLWEJE.ILLEWLLUUR)’]a@QLWNEULLUUSﬂﬂ’]ﬁﬁﬁ@\‘i

No. Welding Tensile Tensile Strength Predict
Parameters Strength
X4 X Xs Target FQM SE ANN SE

1 340 22 27 607.227 606.799 0.428 606.935 0.292

2 340 24 27 615.573 616.984 1411 615.210 0.363

3 380 22 27 616.640 616.750 0.110 616.490 0.150

4 380 26 27 630.480 631.050 0.570 631.100 0.620

5 340 24 24 617.933 616.810 1.123 617.933 0.000

6 340 24 30 601.157 601.422 0.265 601.157 0.000

7 380 24 24 619.573 618.600 0.973 619.365 0.208

8 380 24 30 596.210 596.625 0.415 595.121 1.089

9 360 22 24 624.393 624.883 0.490 624.393 0.000

10 360 22 30 638.290 638.241 0.049 638.055 0.235

11 360 24 24 643.630 645.361 1.731 643.943 0.313

12 360 26 30 632.463 631.956 0.508 632.463 0.000

13 360 24 27 644.370 643.888 0.482 643.952 0.418

MSE 0.658 0.284

FOM fie wuudiaeafiugunuuenidsaes (Full Quadratic Equation)
ANN @9 5n1slassineUszaniiien (Artificial Neural Network)
MSE A9 ANLaasueiaIuAaInlAaeusniIasdss (Mean Square Error)

SE A9 AIALAAIALARDULNATAIEDY (Square Error)
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All: R=0.99248

~ 1
S O Data P
S Fit
© 08 [.oeennnn. Y=T
+
A
[+)
% 06
—_
*
[=2]
R o4t
o
]
?
s o02f
o
et
=
o , : . . -
0 02 0.4 0.6 0.8 1
Target

A v o e o e o sy v
E‘U‘ﬂ 11 wansmuduiusvesasusivineuasnaawsnlaain

TasstngUssaniiiey

UsgdnSninvosuuudiassaiunsanaisunlaann
AasAuAaInAaeY LazAdulsEansnsinauls aan
Mlasendeyanuuuiaeinlasiglszaniiie
fAedsanuaanndoutiosnituudiasafuguuuven

£
o w P~

AN89d89 uanaNdLuUINasdlasavneUsza niieuian

a

ansnisenaulan 0.992 Tanuduvinnu 0.99 wag

o
o

duus
Faunu y 7 0.0032 wansliiiuiimauduiusssning
nadns e funadnslaanlaswisUssamiioundy
Faduiidanuuiug InsuuusasddasmisUszamiion
AN1N30YUNEAIALLA UL P Ye T UU A a1 E NNdn
ASTM A537 class 1 Idagnaiiuszansnm dauandlugud
11

Fatuuuusaoddasweyssamidndudadunani
AULLUGIV0ILUUT1809 LaglassvneUssainiiey
annsauidamnisifauuuiaesdilidguuuvvesioya
Hnaau (Over Fitting) la faugfirinsudsdoyaluns
Hnaau (Training) uddayannAraiuisalasunisilnasu

Vavun Astudayaainnisvaaas 45 Anduiiesnadiinunly
AulasaUgUsE M AgUAINSUNISYINUIEANAINULAULT IR

TunsiWonnsuzussiuasliogausiugn

4.3) M5 UATILLATIAT 1980 A
nM5iATglasasgan1anuideldnisiianesine
NAB3aNIIAUBANATEULUUABINTIA AENAIaINNISL

LUUIIanIlAsaUeUsramiisulun1svituieAinnuLA

46

wseiauds TuemAdeezsinisdenluaniziliainnuiy
usefagean Ao nszualiiilunindend 360 weuuus
wsauliii 24 Taad wazaudslunisidon 27 wudiuns
foundl avdwmaliiiianudunsied 643.59 wazlhaana
AT Eentunusn 3 Funuluannesingn e
MmsUSsudisuiuaniisnsidoufiiininnuduns o
teuiign ileAnufsdnuvazvedlasiainsganiniiidnina
FOAMMIULALLIT RS TUATITETNINITIATIEARNIZUSLIN
LABNENAAIINSOU (Heat Affected Zone, HAZ) \flosan
U3nadInantuanuiiiunsidenuasnageuAALLAY
Ltiqﬁmﬂ%umw?iau vqmamasmilﬁi'amLﬁmmﬁmﬁamdu

USLIUAINET?

JUT 12 lassasneganiausnnindninaninuieusas ASTM A537

class 1 (A) Woumenseualniin 340 wouuds usswuladh 22 Thad
wazanuslunsi@eu 27 wuRwasaeund (B deusmenszualyl
360 wauuls usesulin 24 Thad wazanudlunsdeu 27

LHURLUA AT

lassad1eganinvennannd ASTM A537 class 1
Usznouluselasiadraleslsididulaseadeitu uay
Tassadrameslar 1inguil 12 uansmsSsuifioutunud
Wrunszurunsdesluaniiziunndeiu wuirtagivia
mMsdeudonssualn 340 weuuds ussdulndn 22 Thad
wazauilunisidon 24 wwuRwnsseund lassadn
qanadvurainsuiilvg flassa¥rariianiisalad
(Lamellar Pearlite) [24] finenunszarssuulaseadie
Waslsyl danunuinduvesiisalad 45.32 Wesidud
Wosananznisideudinanivsinaninudeudidily
Fusutiesvilisnsinsidusasdmaldnisiinisalad
aviden LazinsuazlduaiinlatesJedanalidaudiniena

9 Aauanslugun 12(4) dwsvannzmsienniainiy
Wuussfsgean nuililassairaniaiisaladasiden 3

A15NTLYHINUBENNNULUY 68.42 LWaLUR SIUDINS



Weniisaladluanwuznay (Spheroidized Pearlite)[24]
Lﬁaamﬂamwmn%auﬁmmxauﬂ%mmmm%’am%’wq
?gumuﬁLﬁanwaﬁ’lﬁé’mwmﬂﬁuéf’gquqmaTﬁLﬁéaiaﬁ
ausatinlaeg1aruiuuuaziden waviisalanuiediu
swsiuludnuaznay Jsaenndosiunuideves Xue B.
et al. [25] uag W. Hui et al. [26] dwaviiliianilaudfinig

st
NaNnYU

gﬂ‘ﬁ 13 WanadnuaisTosuAniinye ASTM A537 class 1 (A) Lo

frenszualnin 340 wauuus wssnuluin 22 Thad wazausalu
MMs@eN 27 WwuRnsaeud (B)ieumenseual 360 wouwus

wsasuloiiy 24 Thad wazanuslunsdou 27 wuRwassewi

NFUN 13 UanIUsNUTeLLANTNYAIINNTNAEDY
w5afe wudndunisuaninuuuwmiled (Ductile Fracture)

v
=1

wudldesinwuindniliuned i uuiiinvessesunnd
dnwazidusomau (Dimple) [27] 903U 13(A) wusemay
vunlngiiesananvazvesnsululaseainaniand

yualtung swdslassasiuisnlaninervdmwaliduaul

P '
o A

AIAULAULSIReAIRLBYIINTUSB UL Ufiuan1IgnTs
WWeusiaguit 13@) fisemau (Dimple) vunadnuazu3una
un esnnuimaniiivladiifiniwas Bennuintugs
aanAneaiuIuITeves Jesus Toribio et al. [28] uag M.
Saadat et al. [29] #iléAnwidsdnunzvoslassaiiegania
Anansgnuiudnuaznsunvesiaglunisdou Fedulu

angana el uondAIANUAULTIRIgIan

4.4) san1snaaeunIsanlag
msfsanannsfiunzadlunisidenmdnngt ASTM
A537 class 1 @1u1savinuielaannuuudiaselaseuie
Uszamidion wilunmsRansandenansiivanzauasdos
AMTUINBIAUTZNBUANNY 19U MIANWSNBUENITIAA

1As9a3199an 1A 8ULB UAN1IENISITONANT 9 N3
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Aansuandaniena nisasiaasunkuuldvinans tusu
audeimualuinasgiuaina lnglanizegadeunsgiu
ASME BPVC Section IX - Welding, Brazing, and Fusing
Qualifications lun154avranIsnaaeaUNsEUIUNIST N
(Procedure Qualification Record: PQR) laf1vuans
p5aauULUUlIa1ednf 199 NMSNARBUAIALLALILTS
A4 wazn1svadaun1sanlAd(Bend Test) dusunmsvngou

£% [ s

miﬁmimﬁmqﬂisamLWammaaummaugizﬁmmsaa
LD LYY SRULAN EREELY Wudu 11115053980 uR11tin
5081703 (Face Bend Test) Lazn579@8U5885710 (Root

Tu

ToA1MUANTEUIUNITLTOU (Welding Procedure

Bend Test) fauiiagidenan1isimaizaslunissyy

Specification: WPS) Gi@lﬂﬁ&gﬂﬁl 14

JUT 14 uansunuvaaaunInnlas A usharmisesidey B

UINUTINVDITOBLTON

mﬂgih'?i 14 Fusudeuslonszualy 360 wouuUs
el 24 Taad wazeulunisidon 27 wudiuns
wasseundl Wuannedifiananuduusaiagean nuiins
naaoudaldsimisesidon (Face Bend Test) linuses
uan u3esesguuInAivinIIaaounsiali fagud
14(A) N13NAdaUfnlAIUS I3 508 H0u(Root Bend
Test) 31NN139593d0UTBEKANSTY SR8YU NUTliUITINg
Aadenan Aeduannsoaguldhannzmsdeuiivanyan
filgnnsiuneainwuusiasdassneuszamiion 7
anmzmsideusenszualil 360 wouus wseului 24
Thad waranuslunisidon 27 wuRweswasseund Hu
amazﬂ’m%auﬁ'mmzaummsaﬁwmszq%aﬁmum
TN don (Welding Procedure Specification: WPS)
dmiunsiBeuniruzisadugaiiemanndn ASTM A537

class 1 wioly
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5) @5UNaN15IY

wuusassiifammunz audmnsuauddelaviinis
Wisulflsuuuudnasufugluuueniidedes uay
WUUINaBIeIoN1siAsIeUsTEmITsY Tneiansanann
Aadgasiianaiaiitosgn wuiuuudaodivanzanly
ATVIUILAIAIIULAULTIAG LALA LUUII1AB9A2875A15
lAssteUsramidion ﬁmmﬁammﬁmwmmﬁaaqmﬁ 0.284
Tassadsmaslassneuszamitouiiimunzay Ao 3-S150u
Tududune 3 faseu snnuiinsevlududoudl 14 faseu
warsauihsedlutunania 1 Saseu (3-14-1) maiFous
wuutaludsnuna guwuuilsitunisnsedu Ae aendn
wous dmduduid feiduunuBnuess dmdusudeu
wazilarduiio sudmdusunadng

an1rzn1sieuiinuizauiildainnisviuieain
wuusasslassreUszamiiion Weudenszual 360
wouuds wsesuld 24 Taad wazmusslunmsiden 27
wuRnssieu? nuiilassaiganaiisaladaziden I
AINTEINYAINUDYMUILU 68.42 LUBILYUA SINTINTT
aisaladludnwmugnay (Spheroidized Pearlite)
Lﬁaamﬂam's:mu%auﬁmmzamﬂ%mmmm%awﬁﬂﬁ
Fuauiliisaneyiidnsinisbuiagedsnalfiasalas
arusaiialasgraruniduaziden uwaviisaladuiediu

@

syudnuludnuurnay danaluian

q

anwaMzn1TLANIn
wuuwiled (Ductile Fracture) fisesvigy (Dimple) YuIALAN
wazUSumNIn MInaaeudalAsiavtisesdou (Face
Bend Test) uazu3nasINsesidien (Root Bend Test) lsi
wuseBuAN Vi3esesyuuInAiInMageunsinlAa Tng
anmemadendnantunudendainuaudunsd
gean annsnthanszydorimuanszuiunsidon (Welding
Procedure Specification: WPS) d1un1sidennivuy
WIIAUGWIBMANNET ASTM A537 Class 1 kazwuuinaes
nsadamaniildannuidsannsniludssgndldiiie
wensal AuAuAAAMYRsTenLToNl AR LA UL SA
audeimunluninsgiu ieansuylunisdnuagiiia

Usgansnmlunsiteunall
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Abstract
The solar energy is widely used in Thailand. Most of all are fixed on the roof or ground. To increase efficiency
of harvesting energy, two axes solar tracking is designed and constructed. The position of the sun is detected by
using four LDR sensor. Those sensors are divided by partition in order to know the light direction of the sun. Those
data from the sensor are sent to micro-controller to determine the motion by fuzzy controller. The rule of
controller is designed to be concerning of energy consumption. Two linear actuator is applied to rotate solar panel.
Both of actuator is decoupled. Fifty watts of solar panel is applied to collect the energy. The solar tracking of this

research can gain more energy than fixed panel 14 percent. The experimental results are presented and compared.

Keywords: two axes tracking, fuzzy controller, solar energy, LDR sensor
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[. INTRODUCTION

Nowadays, much renewable energy is wildly used

such as solar, wind, geothermal, biomass and
hydropower energy. In Thailand, about sixty percent of
the energy source is from natural gas and only seven
percent from renewable energy [1]. The solar energy is
the third of the sources used after bio-mass.

The sun is the biggest sources and clean energy. The
solar panel is used to harvest energy from the sun. The
solar panel system can be divided into two types. The
passive solar panel is fixed tilt (cannot move following
the sun) another type is the active solar panel (the
panel can track the sun). The harvesting light is
dependent on the angle of incident on sun’s light to
the solar panel. To get high power from solar panel,
the incident angle should be close to zero [2]
(perpendicular to the solar panel’s surface).

There are many researchers focus on sun tracking
system. Soteris A. Kalogirou [3] is designed and build
the one-axis sun tracking by using three lights-
dependent resistor (LDR). Those of sensor separate
works; the first is checked focus of the collector, the
second is for detecting day or night and the last sensor
is cloud cover. Two LDRs is implemented for solar
tracking in one-axis [4]. By output voltage comparing
between both LDRs. Both sensor are placed along east
to west direction, the output voltage will be difference
when the sun rotate all day. From many previous
research, [2] presents the active solar panel (one-axis)
can increase average 30 percent of fix panel. To
increase high efficiency of solar panel, two axis tracking
is implemented by [5-8]

Two axis solar tracking is controlled by PLC program
[5]. The idle time of the system will be 15-35 min and
work for few second. By this concept of idle time. The
system can save working energy of the actuator. [6] is

implement and controlled by micro-controller. By

tracking sensor, four LDRs is fixed inside the hallow
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cylinder tubes. One pair of LDR sensor detects
movement in azimuth angle and another pair detects
tilt angle. Both pairs of sensor are comparing the
voltage value and try to balance it by moving solar
panel. Chong, K [7] is applied mathematics to calculate
the movement of actuator (open-loop control). And
last previous work is P.R.Kaware [8] presents the closed-
loop control with four LDR with a cylindrical shade. [9]
applied only on-off control to track the sun.

In this paper, the active solar is designed and
implement control algorithm. The solar panel is two-
axis sun tracking in order to increase efficiency. To
reduce the actuator power, Fuzzy algorithm is applied

to control the system.

Il. HARDWARE DESIGN

A. Structure Design

Due to movement of the sun are composed of
azimuth angle () and tilt angle (@), then every day the
sun path is always changing. By this information, the
designer of sun tracking have to two degrees of

freedom in order to cover the movement.

Fig. 1 two axis of sun tracking [6]

The system consist of hardware structure, solar
panel, controller board and motor actuator. Those

components of sun tracking system are present in Fig.2
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®

Fig. 2 The sun tracking component

To rotate the solar panel, the linear motor is applied
and design to rotate the panel. The advantage of linear
actuator is useful in designed structure. The first
advantage is self-locking mechanism. The sun is moving
slowly in each time period, so if the system is always
working in those periods, it will consume more energy
to keep track. By this effect of self-locking, the system
cannot always tracking all time to maintain position.
The second advantage is high power. Due to the weight
of solar panel, the torque efficiency of linear motors is
higher compared with

sizing. The solar tracking

mechanism is presented in Fig.3

Fig. 3 The solar tracking mechanism
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The disadvantage of linear motors is decreasing of
working space. Then the panel cannot normal to sun in
the morning period (sun rise).

The solar panel angle (¢, a) can be controlled by

the length of linear motor by following equation (1)

)

_ L2_x2_ 2
Y, a = cos™?! (——y

when

oy (1)
- is azimuth angle

-ais tilt angle

- L is Length of linear motor
-x is length from Pivot point to linear motor in x
direction

-y is length from Pivot point to linear motor in vy

direction

B. Sensor Design

The main sensor to design sun tracking is the light
dependent resistor (LDR). [10] can divide the concept
of LDR sensor designing into three types. The first type
is placed on a flat surface with shading device. The
second is added to tilt surface and the last is in

collimating tube. Three concepts shown in Fig. 4.

Collimator

Photo sensor

couple

Fig. 4 Tracking concept with LDR sensor [10]

This research combines the first and the second
concept of [10]. By combination of both concept, the
sensor set can precisely separate direction of sunlight.
Four LDR is placed in the corner of partition in this
research. And the partition will divide each LDR to four

zones, the LDRs sensor present in Fig.5. The working



concept of LDRs is balancing the voltage output of each
LDR. By rotating the LDRs sensor normal to the light
source, the voltage signal will be equaled.

When the sun rise, the LDRs is presented in block
A as show in Fig.6. Only left side of the LDR can detect
light, the actuator will be rotating the LDRs to block B
position. This position both LDRs will get equal light

value.

Fig. 5 the LDR assembly sensor

Fig. 6 the working concept of LDRs

C. Implementation of sun tracking
The prototype of two axis sun tracking is
implemented to test and control by LQRs sensing. The
main structure is made of 20x20 aluminum profile. 100
mm. and 300 mm. of linear motor rotate the solar
panel. The Arduino UNO R3 is the main controller to
receive data from sensor, calculate control rule and
drive command to linear motor. 50 Watts of solar panel
is designed to collect power. The sun tracking hardware

is presented in Fig.7

lll. FUZZY CONTROL OF SUN TRACKING

Two axis sun tracking is designed and built. Both of

the axis are decoupling control. The data output of the
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LDRs sensor (see Fig.4) no.1 and 2 are added together
and compared with summing data from sensor 3 and 4
to detected sunlight in azimuth angle. And also no.1

and 3 compares with 2 and 4 to detect the tilt angle.

Fig. 7 sun tracking hardware

The Fig.8 shown the concept to control sun tracking
by Fuzzy control. And to design and implement control
algorithm, Fuzzy control block in Matlab program is
applied to design the control rule. The mandani is
fuzzification of this solar tracking. The Matlab block
setting is presented in Fig.9

LDR#1

PWM#1

LDR#2

PWM#2

LDR#3

vy *

v

LDR#4

v

Fig. 8 Fuzzy control block diagrams

The Fuzzy control algorithm is designed to control
the sun tracking. By applying fuzzy control, the system
can manage tracking error with inaccurate data and
working as human reasoning. Then the control rule can

be designed by ourselves.
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The LDRs sensor is the input of the solar tracking
system. The triangular and trapezoidal is applied to the
input and output of membership functions. The input
and output can be divided to three membership
function. Those of membership functions are present
in Figs.10 and 11. And Mamdani is the Fuzzy inference
between input and output.

There are three rules to manage sun tracking
system:

1. If(sensor_Error is Negative Error) then (%PWM is
Shrink)

2. Iftsensor_Error is Neutral_Error) then (%PWM is No
Movement)

3. If(sensor_Error is Positive_Error) then (%PWM is

Stretch)

N
\ // \ /‘/ Sun Tracking /\ f\ /\
>\ >\ T (mamdani) - /‘ /)( /( \
SNSN VAN
Error {1 ensor FHPWM
|F8Nm: ‘Sun Tracking FIS Type: mamdani |
And method min Current Variable
Or method max Name Error_of_sensor
Implication min - T ey
) Range 1551
Aggregation max
Saved FIS "Sun Tracking” to file |
Fig. 9 Fuzzy control setting
Membership function plots 2/t 2ot 181
Negative,_rror Nutral _rror PosKiveErmr

4 3 74 1 0
input variable "Sensor_rror"

Fig. 10 input membership function
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Membership function plots 2o 181

) Shrink No_ovement Stretch otor

100 80 60 40 20 0 20 40
output variable "%PWM"

Fig. 11 output membership function
By adding a fuzzy rule to control algorithm, the solar
panel can be tracked the sun. The design of the control
rule of sun tracking is designed by a gap of both sensor

error to activate actuator.

IV. EXPERIMENTAL RESULTS AND DISCUSSION

The last session of this research is an experiment.
The voltage output from the solar panel from fixed and
tracking are conducted and compared. And also
present effect of Fuzzy control algorithm. By adding
LDRs sensor tracking and Fuzzy algorithm, the solar
panel can track the sun and harvest energy. The setting
of fixed solar panel is 15 degree fixed and east
direction. The data collected is starting in 9.00 to 17.00.

The experimental results are presented in Fig.12.

» Voltage output from fixed panel

First Day
Second Day

21+ Third Day | |

20+

Voltage (V)
> >

14 » . o
9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00
Sampling Data (Time)

Fig. 12 voltage output from fixed panel

The voltage output from fixed panel can be divided
to three zones. The first zone is 9.00 am to 11.00 am,
the morning light can produce voltage about 17.5 V.

Since the incident angle is not normal to solar panel,



then the voltage output is dropped. The noon light is
start from 11.00 am to 13.00 pm. This period can
produce highest output voltage about 21 V. And the
last period is after noon, the output is lower than other
period.

After applying fuzzy control algorithm to micro-
controller in order to track the sun, the solar panel can
move and track the sun by comparing LDRs sensor. The
data collected is starting in 9.00 to 17.00. The

experimental results are presented in Fig.13.

Voltage output from solar tracking

21 W{‘".
l ‘-‘\N\, (J‘ m
|

Voltage (V)

13.00 14.00 15.00 16.00 17.00

Sampling Data

10.00 11.00 12.00

Fig. 13 voltage output from tracking panel

From the experimental result, the output voltage
from the solar panel quite stable in each period about
19-21 V. because of the incident angle of the sun is
always perpendicular to the solar panel. By tracking the
sun, the output voltage is obtained higher than the

fixed panel. The results are compared in tablel

Table 1 Output Voltage comparison

Average Output Voltage Voltage
Period Time

Fixed (V) Tracked (v) | compared (V)
09.00-10.00 17.613 20.475 2.862
10.00-11.00 18.914 20.422 1.508
11.00-12.00 19.724 20.289 0.565
12.00-13.00 20.324 20.689 0.365
13.00-14.00 18.952 20.820 1.868
14.00-15.00 17.203 20.301 3.098
15.00-16.00 16.945 20.270 3.325
16.00-17.00 14.745 20.428 5.683
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The solar tracking by fuzzy controller can track and
harvest energy from the sun with 14% higher than fixed
panel and voltage output quite stable.

The output voltage from tracking solar panel by
Fuzzy control algorithm and linear controller (PID) is
quite similar because the sun rotates from east to west
very slow and the sun radiation is very large. Then the
benefit of the fuzzy control algorithm is decreasing
consumption  of tracking power. The power
consumption input of two actuators result shown in

Figs.14 and 15.

25 Power consumption of linear control sun tracking
T T T T

Azimuth angle
Tilt angle

20

| \ |
L ..WMM |.."|1"'\ ol

[.00 10,00 11.00 12.00 13.00 14.00 15 oo 16.00 17.00
Sampling Data {Time)

-
@

-
=)

PWM Percentage (%)

Fig. 14 the power consumption of linear control

sun tracking

20 Power consumption of Fuzzy comrol sun tracking
T T T T T

i

12.00 13.00 14,00 15.00 16,00 17.00
Sampling Data (Time)

Azimuth angls
Tilt angle

18

16 -

=
5

PWM Percentage (%)
@® S
T

10.00 11.00

)
9.00

Fig. 15 the power consumption of Fuzzy control

sun tracking

From the results of power consumption, the Fuzzy
control can track the sun and also lower consume

energy than linear controller. Because we can design
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the control rule, design the non-active zone of

actuator.

The problem of the solar tracking is the cloudy
condition. The LDRs sensor cannot get the direction of
lisht when cloudy condition. To solve this condition,

the equation of motion of the sun can handle.

V. CONCLUSION

To harvest greatest energy from the sun, the
incident angle of the sun has to perpendicular to the
solar panel. The two axis solar tracking is designed and
implement fuzzy control to track the sun. The fuzzy
controller can control two linear motors. Four LDR
sensor can detect the position of the sun by comparing
detecting voltage. The output voltage from solar
tracking is stable and higher performance than fixed

panel 14 percent.
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Abstract

The objectives of this research are to study the reactive lateral transshipment of multiple warehouses and
multiple retailers distribution system and to analyze the effects of related factors composing of demand dispersion
and filling rate. The developed model is simulated by varying the demands at each location and the filling rate of
demands at each location to observe the expected number of stockout in the system. The ten replications of
each scenario of different demand distribution are simulated and the results show that the total number of item’s
stockout increases when demand dispersion is high. Retailer with the lowest demand in a distribution results in
the highest number of units’ stockout. By varying the filling rate, the distribution with low dispersion demand

among retailers trends to has lowest number of units stockout resulting in decreasing total system cost.

Keywords: Lateral Transshipment, Filling Rate, Inventory, Multiple Warehouses and Multiple Retailers, Simulation
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[. INTRODUCTION

The lateral transshipment policy is a virtual
distribution system of products in logistic network. The
local warehouses share theirs’ inventory in order to
achieve customer service level at retailers when
products are not available at the primary warehouse.
The lateral transshipment considered in this research is
reactive lateral transshipments responded to situations
where one of the stocking points faces a stock out.
When a primary warehouse is out of stock, demand is
satisfied by the nearby warehouses using rush shipping.
Therefore, the inventory costs of holding item and
backordering item are compensated by rush
transportation from any nearby warehouses.

The inventory management is significant activity of
logistics system since inventory cost account for half of
logistics cost. [1] has reviewed researches about
inventory management published in major logistics
journals. They conclude that there are two major
themes from logistics researches focused on inventory
management. The first one is integrating logistics
decisions  between  inventory  decision  and
transportation decision or warehousing decision and
the second one is inventory management through
collaborative model which is more recently focused.
The virtual inventory management is a collaborative
model which has been studied extensively such as the
cross filling policy as presented by reference [2]-[7]. [2]
studied the consolidate effect on safety stock and
regular stock under cross filling allocation rule.

This research presents the effect of filling demand
from more than one primary stock to the overall
inventory level which seem to be reduced. In addition,
cross filling does not favor regular stock but do favor in
reducing safety stock. [3] focuses on the significance of
available information in the typical supply chain
distribution. The inventory control through supply

network depend on the variability management and
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present the cooperated joint venture model as virtual
distribution. Demand distribution is a significant factor
effecting inventory level [2]. For cross filling policy,
when demands at each location are different, the total
safety stock trends to decrease [2]. Since aggregate
inventory of consolidation results in safety stock
decreasing, [4] study the interaction between the
coefficient of variation of demand and the ratio
between inventory ordering and holding costs and
indicates that the key variable for consolidation is the
ratio between the standard deviations of lead time.
Inventory management is significant to retail
management as study by [5], [10] and [11]. [5] study
the limitation of shelf stocking for multiple item and
developed inventory replenishment model to
minimize the retail space with the situation that there
is no stocking out possibility since this case is 100% of
substitutable products. For multiechelon inventory
system, [6] present the virtual allocation rule to study
the dense and small retailers while [11] study the effect
of adopting lateral transshipment between retailers in
decreasing the amount of stockout. [7] presents a
model of decentralized inventory sharing among
suppliers in distribution network when product is
expensive and has low demand. Reference [7]
considers the independent suppliers when demand is
Poisson distribution and apply the queuing theory using
dynamic programing to study the total cost of two
suppliers as for study. [12] study the benefits of sharing
and transshipment of expensive, low-demand
items in the supply chain and conclude that sharing
and transshipment of items does not always, reduces
the overall costs of holding, shipping, and waiting for
inventory while sharing of inventory typically benefits
all the participants in decentralized supply chains.
Most recent researches focus on inventory

management of distribution network and looking for

virtual distribution system as presented by [14]. Lateral



transshipment is an interesting method

policy
extensively study [10-14]. Most researches consider the
lateral transshipment in the same echelon, however,
this research focuses on the emergency or reactive
lateral transshipment which warehouse replenishes
item directly to the lower echelon like retailers instead
of replenishment in the same echelon since customer
is willing to wait for items. In addition, factors involving
inventory model of reactive lateral transshipment are
rarely studied. The distribution networks normally
contain multiple locations of plants, warehouses, and
retailers. Inventory levels at these locations have been
determined by the optimization of the cost related to
inventory and transportation. The improvement of
business logistics via information system support virtual
inventories management which the shortage products
of primary supply location are served by the other
supply locations. The compensation of shortage cost
with rush delivery by the secondary or tertiary
warehouse must be considered in order to keep their
customer  service level representing product
availability.

In the virtual inventory control of N stocking
location, lateral transshipment becomes important,
since the decentralized storage is widely adopted [2].
The logistics decisions of multiple stocking locations
become complex. When the fill rate for the primary
stocking location is less than 100%, the secondary or
the tertiary stocking locations are considered. Orders
filling from more than one stocking points result in the
least risk of stocking out. This paper considers a priority
rule of replenishment which are the available
inventories from the secondary and tertiary stocking
points. The warehouses are used as primary and
secondary inventories of items for all demand zones.
Customers are assigned to the nearest warehouse that
defines their primary serving warehouse with the lowest

transportation cost rate as shown in figure 1. Some
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demands are satisfied by the secondary and tertiary
warehouses when the items are unavailable at primary
warehouse. The weekly demand forecast is random
variable with demand mean and standard deviation.
The three different demands’ average and standard
deviation are assigned to retailers. The transportation
cost rate of secondary and tertiary warehouse is greater
than the primary warehouse. Therefore, the stockout
cost is compensated by the extra transportation cost.
The more units of stockout, the more extra
transportation cost in order to keep customer service
level. However, safety stock is used to support demand
variation and decrease the probability of stockout. The
manager have to decide how much safety stock to be
keep and how much stockout will be accepted. Thus,
the best inventory decision depends on the demand
variation, inventory holding cost of safety stock,
stockout cost, order filling rate, and transportation cost.

This research aims to simulate the reactive lateral
transshipment of three warehouses and three retailers
distribution system and to study the effect of the
demand, the dispersion of demand among these
locations and the filling rate to the number of units’
stockout at each demand’s location.

The simulation of three demand points and three
stocking points is performed by using Arena simulation
program. The retailers of each zone, which are Retailer
1, 2 and 3, are supplied by the primary warehouse A, B,
and C, respectively. However, some demands that may
not be able to respond by the primary warehouse will
be supplied by the secondary and the tertiary
warehouse, respectively. For example, Retailer 1 is
supplied by warehouse A with the filling rate of 95%,
however, when the replenishment order from
warehouse A have not arrived and more demand
occurred during this period, the warehouse B will
provide rush delivery instead in order to fulfill customer

order. Thus, warehouse B is considered to be the
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secondary supplier for retailer 1 and warehouse C is the
tertiary supplier of retailer 1 when the first and second

suppliers cannot supply the required items as

illustrated in figure 1. In addition, the sensitivity analysis
is performed to determine the effect of demands’
variation and the different level of filling rate.

Allocation rule

—p Primary, t = 0.2

P> Secondary, t = 0.25
— » Tertiary, t = 0.3

Fig. 1 Retailers are supplied by three warehouses [2]

Il. RESEARCH METHODOLOGY

To solve lateral transshipment problem of multiple
warehouses when the required item is not available at
primary warehouse, the secondary warehouse and the
tertiary warehouse will make rush delivery of that item
to customer instead. The objective function is
formulated by considered related costs of the whole

system.

A. Problem Statement and Basic Assumptions

The distribution of three warehouses and three
retailers is simulated by using Arena software. The first
objective is to analyze the effect of filling rate and the
demand dispersion to the safety stock level at each
location. The second objective is to study the effect of
demand dispersion and filling rate to the number of
units’ stockout. The inventory management method of
the considered problem is the push system. When the
inventory level reach the reorder point, the new order
is placed and arrives according to its replenishment

interval as shown in figure 2. However, this problem is
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complicated when a warehouse have planned the
safety stock for the responsible retailers’ zone but
other retailers outside the responsibility request rush
delivery of available item. Therefore, the demand
variation is important factor to the overall safety stock
of logistics network.

Actual on
hand

e

Inventory level

Reorder
Point

—
LT *

p T

Time T
Fig. 2 Inventory Management [9]

The objective function of the problem is to minimize
the total logistics cost related to ordering cost, carrying
cost, stockout cost, and rapid transportation cost. We
consider a demand i can be fulfilled by warehouse j as
Q; with different filling rate from warehouse j. The
mathematical model is constructed based on the
following assumptions:

1) Customers’ demands are random with normal
distribution occurring at retailers.

2) Related costs are inventory holding cost of safety
stock, stockout cost and transportation cost.

3) Warehouses adopt push inventory system with
safety stock allowance.

4) Inventory cost and transportation cost occur at
warehouses.

5) When products are shortage, the replenishment
can be done by secondary or tertiary warehouse
depend on the proportional of filling rate.

6) The probability of stockout at retailer is
represented by the order filling rate.

7) When items need to be shipped from other
warehouses, all quantity can be satisfied.

The related notations to mathematical model are as

follow:



0, is replenishment quantity of customer / from
warehouse j, wheni=1,2,., mandj=12,..n (unit)
q,is the quantity shipped by lateral transshipment

D, is average demand of customer i (unit per week)
S, is demand standard deviation of customer i (unit
per week)

SS, is the safety stock of customer i (unit)

C is item price (dollars)

S, is inventory setup cost (dollars/order)

I is percentage of inventory holding cost (percent per
year)

h; is holding cost of item at warehouse i

ki is stockout cost of item at warehouse i

FR; is filling rate in percentage or service level of
warehouse i

Py, o 15 Probability of stockout with stockout cost of
k; and some of them will be replenished by lateral
transshipment policy depend on the filling rate of FR;
Z, is standard deviation of normal distribution depend
on the filling rate (FR)

LT, is replenishment lead time from supplying by
warehouse j to customer j (week)

R, is reorder point of customer i (unit)

¢, is transportation cost rate per unit distance from
warehouse j to customer j

a'is the penalty cost from rush delivery per unit of
product of

dist; is the rush distance between customer / to
warehouse j

S,(Q)is ordering cost from warehouse j to customer /
H,(Q) is holding cost from warehouse j to customer /
B,(Q) is backordering cost from warehouse j to
customer /

T(Q) is transportation cost from warehouse j to
customer |

C;(Q) is total logistics cost from warehouse j to

customer i
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The push inventory system with stochastic demands
occurring at retailers is applied. The classical economic
order quantity [8] is considered. Demand at each
retailer is normal distribution with average demand per
period and a standard deviation of demand. To
determine the optimal quantity and timing of Lateral
Transshipment, the four key cost components; ordering
cost, carrying cost, holding cost and rush transportation

cost of the total logistics cost should be minimized as

equation (1).

Cy(050)=3 "I(S,,-(Q,,-)+H,-,»(Ql-,,q,->+B,-j(Q,-,-,q,-)+T,,(Q,-,~,q,)>(1)

i=l j=

The inventory decisions for each retailers which are
replenishment order quantity, safety stock, and reorder
point are calculated as equation (2), (3), (4), and (4)

respectively [8].

28D, x50
0,-= h (2)
J
1cg,
Pstockout = . (3)
kiDi
SS; =8, Z; [LT, (@)
R =D,(LT)+SS, (5)

Thus, total holding cost is the cost of holding regular
stock, safety stock and lateral transshipment quantity

(g) as equation (6).

>0,
j=1

2

H,(0;.q,) = 1C( (6)

+2.84 ZiJLT; + 2q;)
-1 =

For stockout cost, the number of product stockout
is compensated by lateral transshipment quantity (Q;)

represented by equation (7)

()

m n D,
B,(0y-4,) = X Xk(E7S;, ~4,) ']

i=1j=1 ij
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The ordering cost or inventory setup cost is
calculated as equation (8),
D;

0,

and the transportation cost is calculated as follow;

5,(0,)= 35, ®)

J=1

7 (St dist) a3 9)
g/(Qg/aqj)—(thg,‘ lStz_’/') +aij‘
Jj=

ij Jj=1
Each customer i has different level of demand.
Some customers have high demands whereas some

have low demands.

B. Optimization

When demands are considered to be random
variable with the parameters of average demand and
standard deviation, the optimal solution can be
obtained by applying the derivative function to total
cost equation. In case of lateral transshipment, the
system is dynamic management and involving the
estimation of safety stock quantity, thus simulation
technique is more efficient. This section presents the
equations related to optimal solution for multiple
warehouses problem. The items holding cost of two
warehouses compose of holding economic order
quantity, safety stock, and lateral transshipment
quantity as shown in equation (10). The shortage cost
and inventory setup cost for multiple warehouses

problem is represented as equation (11) and (12),

respectively.

(Q11+Q22)+
2

+(q12 +421)

(84, Z\ LTy + 84,2, LT, | (10)

H;(0y.q;)=1C

D D
Bij(Qij’qj)sz(EZQSdz _q12)QTll+k1(EZISd1 —‘]21)7222 (11)

Sij(Qij)zslg‘FSz& (12)

1 2
. D . D
T;(Q;,q;) =t disty + aqyy) =+ (tyydisty, + agy) —=
O 0,

(13)

Since demands are random and uncertain, the

optimal Q; from equation (2) is not accurately optimal
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value. The economic order quantity from equation (2)

does not include the number of item stockout

(k,E,S, ), thus, Q;will vary and result in varying of
Peyocions @0 SS;. Equation (14) and (15) are the solutions

of replenishment quantity and probability of stockout

without lateral transshipments.

_ 12D, [S+kE,S, ] (18)
IC
oIC

Pstoc/cout e (15)
Dk,

Consequently, the simulation is the research

method considered to be more efficient with random

events.

C. Instance Problem

The instance problem is a distribution of three
warehouses and three retailers with different demand
levels. The demands are normal distribution with the
average weekly demand and standard deviation of 77
and 25, 350 and 150, and 750 and 300 for retailerl, 2,
and 3, respectively. The inventory parameters are 25%
of holding cost, 10 dollars per order for setup cost and
2 dollars per unit for shortage cost. Suppose that the
item has a value of 200 and the lead time for

replenishment an item is 6 weeks. The simulation

model is illustrated as shown in figure 3.



Demand Occurring at Retailerl

Inventory level < Reorder Point

No

Replenish Order by W/H A with Delivery Lead Time

v

Demand Occurring at Retailerl and stockout

No

Replenish Order by W/H B

A

Lateral Transshipment bv secondarv W/H (B)

Yes

Order Arrive?

Replenish Order by W/H C

Lateral Transshipment by tertiary W/H (C)

Fig. 3 Conceptual Model for Simulation

The primary warehouse has to replenish orders to
retailers with order filled rate of 95% and the less
demand is filled by the secondary and the tertiary
warehouses.

The instance problem is a distribution of three
warehouses with three retailers which has order filled
rate of 95% by primary warehouse, 4% by secondary
and 1% warehouse.

warehouse tertiary

by
Transportation rate is lowest for the primary warehouse
and increases for the secondary and tertiary warehouse.
Suppose that, the rush distance for the secondary
warehouse and the tertiary warehouse are more than
the primary warehouse about 25% and 50%,
respectively. Thus, the variable transportation cost per
unit of travelling distance and per item of rush delivery

for the instance problem is 0.2, 0.25, and 0.3.
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1. EXPERIMENTAL RESULTS

The research problem is developed as the three
warehouses and three retailers’ distribution system by
using Arena simulation. Then, the simulation s
performed in different scenarios to observe the effect
of related factors which are demand and filling rate to

the number of units’ stockout.

A. Simulation Model

The problem was created on Arena simulation
modelling program with 3 modules. The first module is
supplying activity which will replenish item when the
inventory level at a retailer reach its’ reorder point as
shown in figure 4. The second module, as shown in
fisure 5, is creating orders at each retailer according to
its’ uncertain demands varying between retailers. The
third module is shown in figure 6 which simulate the
replenishment activities of three warehouses. The 95%
of orders are replenished by the primary warehouse of
that retailer. The less orders of 4% are supported by
the secondary warehouse and the left of 1% are
replenished by the tertiary warehouse.

The developed model was simulated by varying
demands and order filling rate with ten replications for
each scenario. The considered demands are randomly
normal distribution with three different levels assigned

to retailers.

B. Experimental Results

The model was simulated in four scenarios to
evaluate the effect of demand dispersion. The random
demands of three retailers with low, middle and high
values of demands is assigned as shown in table | to
table IV. The order quantity, safety stock and reorder
point are calculated as equation (1), (2), and (3),
respectively. For each scenario, instead of calculating
the total system cost, the maximum and the average

number of stockout are recorded and reported as
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shown in the fo[[ow]ng table because the research TABLE II: The Simulation Results with Medium Demands
objective is to study the behaviour of stockout from Scenario I Retailerl | Retailer2 | Retailer3
. D d 7 350 750
varying the related factors. emands
Standard DEV. 25 150 300
Order Quantity 39.24 83.67 122.47
TABLE I: The Simulation Results with Low Demands
Safety stock 101.04 606.25 | 1,212.50
Scenario | Retailerl | Retailer2 | Retailer3
Reorder Point 563.04 2706.25 5712.50
Demands 10 350 900
Max. No. Stockout 13,525.59 532.77 1,020.24
Standard DEV 5 150 320
Avg. No Stockout 9,987.35 396.97 774.63
Order quantity 14.14 83.67 134.16
Max Stockout Cost 27,051.18 1,065.55 | 2,040.48
Safety stock 20.21 606.25 1293.33
Reorder Point 80.21 2,706.25 6,693.33
Max. No. Stockout 19,947.71 448.99 927.72
Avg. No. Stockout 14,929.12 334.54 709.43
Max. Stockout Cost 39,895.41 897.99 1,855.45
—

N
Create \ . Hddfor . Process . 7 | —
Production1 I [ Production Production Assign 5
0 ' 4
M=) ~ !
Create Hadfor A R . . e
9 — - B As 16 Decide 8
Production2 I Poddioz | —— p 'O‘B;Z e
0 4
0 0 “Yraise

Create Pruductim\Rf- Hadfor Process N e
I Production3 : Production3 : Assign 17
0
4

Fig. 4 Supplying Module

Decide 2
ecide Route 1to 1

Create Order1 \ * Assign 1
2} (=)<
0

Route 310 3

-|| Route 1to 2
*| Route 3to 1

Route 1to 3

p
Create Order2 \»—- Assign 2 . / ®
I Route 2 to 2
0
.
©

15

Route 3 to 2

Route 2to 3

Route 2to 1

Fig. 5 Distribution Module
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0, \
e Assign
Production1
4
\
Assign non
Production1
4
Troe \
Assign
Production2

4
Record 2 > Dispose 3
N 0
Assign non
Production2
4

E < Dispose 4
D— Record 3 - P

E < Dispose 2
Record 1 o P

. Assign

Produchon3

Assign non
Production3

Fig. 6 Replenishment Module

According to table II, the three retailers’ average
demands are set nearby comparing to average
demands in table I. After performing the simulation,
the total average number of units’ stockout decrease
when the network has demands close by. For equally
assigned demands as shown in table lll, the simulation
results show significantly decreasing in average number
of units’ stockout. For table IV, demand average and
variation is increased about 4 times comparing to the
second scenario. The average number of units’
stockout increases about 5.5 times comparing to the

results from the second scenario.

TABLEII: The Simulation Results with Equal Demands

Scenario Il Retailerl | Retailer2 | Retailer3
Demand 400 400 400
Standard DEV 194 194 194
Order quantity 89.44 89.44 89.44
Safety stock 784.08 784.08 784.08
Reorder Point 3,184.08 3,184.08 3,184.08
Max.No.Stockout 3,184.08 3,184.08 3,184.08
Avg No Stockout 1,467.62 1,751.26 2,090.46
Max Stockout Cost 1,134.23 1,318.03 1,620.59
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TABLE IV: The Simulation Results with High Demands

Scenario IV Retailerl Retailer2 | Retailer3
Demand 385 1750 3750
Standard DEV 125 750 1500
Order quantity 87.75 187.08 273.86
Safety stock 505.21 3031.24 6062.49
Reorder Point 2,815.21 13,531.24 | 28,562.49
Max. No. Stockout 67,796.00 2,595.87 7,269.04
Avg No Stockout 49,990.00 1,934.18 5,015.13
Max Stockout Cost 13,5591.90 5,191.75 | 14,538.08

By varying the filling rate from 95% (FR = 0.95) to
80% (FR = 0.8), the average number of units’ stockout
increases as shown in table V. Thus, the deviation
percentage of amounts of item stockout is calculated

in order to evaluate the effect of filling rate varying

from 95% to 80% as the following equation:

NumberofSockouf, .y,
NumberofSockoutyy s

x100 (14)

%Deviation=
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TABLE V: The Results Comparison between Filling Rate of 0.8

and 0.95
Average Number of
'§‘ Stockout (Unit)
ﬁ Location pemand Filling
o Distribution Filling
8 Rate=0.9
Rate=0.8
5

Retailerl N(10,5) 22,080.64 14,929.12
jé Retailer2 | N(350,150) 4,484.38 334.54
g Retailer3 | N(900,320) 2,735.73 709.43
2 Total 29,300.75 | 15,973.09

Retailerl | N(77,25) 15,128.24 9,987.35
.(é‘ Retailer2 | N(350,150) 4,143.92 396.97
g Retailer3 | N(750,300) 2,593.81 774.63
s Total 21,865.97 11,158.95

Retailerl | N(385,125) 76,204.30 | 49,989.63
:é Retailer2 | N(1750,750) 20,833.69 1,934.18
g Retailer3 | N(3750,1500) | 13,699.80 5,015.13
s Total 110,737.79 | 56,938.94

Retailerl N(400,194) 2,787.53 1,134.23
E Retailer2 | N(400,194) 3,598.94 1,318.03
g Retailer3 | N(400,194) 3,716.95 1,620.59
2 Total 10,103.42 4,072.85

By calculating %Deviation according to results in table

\%

%Deviation,,,....; = % x100 =183.44%
Y%Deviation,,,...on = % x100 =195.95%
Y%Deviation,,,....; = % x100 =194.49%
%Deviation,,,....n = % x100 =194.49%

Consequently, the 15 percentage decreasing of
filling rate (95% to 80%) results in the increasing of the
of item’s stockout of 192.1

average number

percentage.

C. Results Discussion
According to the simulation results from table | to

table IV, the discussion is summarized into 3 issues.
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Firstly, the distribution system has lower dispersion of
demand as shown in table Il comparing to table I, the
maximum average value of total number of item’s
stockout is 9,987.35 units (table II), while the maximum
average value of total number of item’s stockout is
14,929.12 units (table 1). As the result, when the
demands among retailers are more difference, the
distribution system trends to have higher total number
of items’ stockout. Secondly, the results for all
scenarios (table | to table IV) show that the retailer with
the lowest demand trends to have the significant high
in number of units’ stockout. Lastly, the system with

the equal demand, the number of item’s stockout

trend to be low and equally.

V. CONCLUSION

The simulation of reactive lateral transshipment
replenishment of multiple warehouses and multiple
retailers’ distribution system by varying the retailers’
average demands shows consequence to the average
number of item’s stockout. When retailers in the
network have equal average demands, the average
number of item’s stockout decreases significantly. The
distribution system with equal average demands gives
lowest number of item’s stockout. By varying filling rate
from 95% to 80%, the number of item’s stockout
dramatically increase about 192 percentage in average
for every scenarios.

For future research, the sensitivity analysis of
related factors such as inventory holding cost and

setup cost could be performed.
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Abstract
In this paper, we propose a deep learning approach for multiple input multiple output - sparse code multiple
access (MIMO-SCMA) signal detection by using a deep neural network via spreading the procedure of the message
passing algorithm (MPA). The MPA can be transformed into a sparsely connected neural network. The neural
network can be trained off-line and then implemented for online detection. Besides when the neural network has
been trained, the network weights corresponding to the edges of a factor graph. From the simulation result of the
MIMO-SCMA system over the quasi-static Rayleigh fading channel, found that the neural network detection better

performance than the traditional MPA.

Keywords: deep learning, neural network, SCMA, MPA

69



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

1) uni

msldnugunsaldeansisaneniouneiuludumnesida

o 1 @

Masdawaiuiddinvesauslundyueng 4 nlundnisly

30 NFVNUBAZANUTUNAE 1UIUY AUSAINUTALANTY

9619UINIINAINTITANVUVDILDUNELATUATS 9 D89

'
' -

Aatias iliusaoyavesamninlu gy Amnisal

' =

1Y

Ysununislanilangatia 3.3 lwnnzlud (zettabyte)
nelut 2021 TagUTanunisldaunsalnuagsegend

Ysuumsldaneeuiinnesdiuananielulifeaiu [1]

o

ilugnis

| =

gundl 5 w30

@
o

n1sUsuasungAnssunisldaudenail 9

Waguwladlauminsitisusiowuulsanewn

£

ADILNT Y

14

o

5G MASIESNUgIUYaIsTUULINIANIARouT al

ALABINIIAILY (capacity) ﬁgﬁuaﬂwma
ATLUIDINAIIN LU ULTITRALUIUIY (sparse code

multiple access : SCMA) LT ULy ﬂiuiagﬁiﬁjj@:ﬁaiﬁa

(codebook) d1m¥un1sidrieuuulaideann (non-

orthogonal) M@111505 UL AUAIINABINITVBY 5G 7

a

Aeensi¥eunaluluiuin wagiiuauguesssuuln

a0 o

99U [2-3] wAalAdneg1antandna

Y

AR EARIN Y

v o v

deUeunadunty

[ A7)

111990 (multiple-input multiple-output :

o w -

MIMO) AlFSunsszyindumaluladfidfey iouiulss
UsvansnmiBsalansu (spectral efficiency) lngldi5n1s
i?uﬁﬂﬁiyiyﬂmﬁu?{'m%ﬂﬁuﬁ (spatial multiplexing)
wiafia MIMO-SCMA Tignidentdlulassing 56 agalsh
arudymidrdfiianiedmiu SCMA fenisanaiiy

o

ULBUIDINITATIANN (detection) [4] hagn1598NLUU

1y

AlasvialilUsE AT Mgy (5]
TUADUITNITAINIUTOAIIU (message passing
algorithm : MPA) \Huwafiadmsunisasramivaid 47
Iosumnuinnsgtisananududouls Tummguilasu
nsfigatuarinalufizuseulunsmidady (factor graph)
\u Ts9a3n9ves SCMA - agviler MPA Tasuanuiiazidu
A1uUaU (marginal probabilities) d115UN15ATIANIDE

¥ ' < .
gnees [6] luveutunvaan1izitaziduasgn (maximum
likelihood : ML)

a Y oa = . v Y B =2
N13138U3LT98n (deep learning) louansliliufisndny

sa o 4

Y19@a559TUAIIUNIINTLIA 1Y ABUNILADSIN AU

(computer vision) [7] mﬁﬁ%?amm(speech recognition)

70

KLaENITUTTUIANANIWITITUYIA (natural language

processing : NLP) [8] HansgnufunfaaInnsiseuiidedn

a

lasuanuaulangraunnlunisisenuunasiy UnITeLsun

@
b

wiinfandaaranuddgueinsussgndldnsifoudidedin
warliudalannnsduaitide wazUsegnaldisnisidl
dnenmil ieuidgmlutidonadumsdoansisane
dlaiga 1 § maBeudidedntduandidiuisnnuaunsa
ffunldulunsuidgmianemsdmsunisdeansisans

A [9]-[14]

WJeanuntgiuniseansuuludunienin [15] Nlasau

fegenuideNinaula Wy msinsiseus

U

an

3
W3adnlugd® (auto-encoder : AE) Wednuuuliiaou
Wrluluszuy MIMO smanszurunIsitsid / nonsia
dmiumsdaiudeyamiledesdyayrniafsuuuisdd
(Rayleigh fading channel) wan1snaaouLansliLiudn
s3UU AE faussousfvilenin FBnsidrsiauigi-1aan
Wuuuden (space-time block code : STBC) fiffaan1s SNR

Touni1ad 15 dB

lduruundl lafiewddeniinisSeudigednunleiu
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2) TnguszasAveinTidy

o
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KL fifidnsinisdiswa 1/L Tnedegavessiauwuy diag(hj')  diag(h}®) -, diag(h"")
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3.2.1) Sumoudsnrsaesinidonan MPA msnsamaes

y =H,D +z (M scvA TaunannismAgegavesauiiazidunieva

- (posterior probability)
[ a 4 1 o a
1ng H; € CNRKIXNTKL {3 3nduasdesdnyaia MIMO 1

Weulasadl X =arg max pXI|¥,), (11)
XeX/) K

72



= [X1,X2, X3, .., X)] WAE X; eXlayj=

a10uf j uwag XK fadygiunguaninanuansiniuain

TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

Aldfuananaiu anmsdwiauissduniuveuluy

aumsi 11 nssndulavesusasdld aunsalieuladu

Loss
And
Predict

U7 2 Tassadhvedasiiedszamifion Tnondesdndendihfouwdazufon wavudenidnluisdunsieviennisideusesiy

pXIy), (12)

2

X; = arg max
Xe. &
XeX/ K xj=[X];
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(artificial intelligence : Al)
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Abstract

Glaucoma is the second cause of vision loss and blindness, not only in developing countries deal with it, but
developed countries also face it. The main problem of blindness from glaucoma is a lack of recognition, to clarify,
the patients do not know whether they have glaucoma or not. As time pass by, it continues to develop from time
to time, and most of the patients will realize about it when it has developed into a severe stage. According to the
ophthalmology research, if the area ratio between the optic cup to the optic disc is greater than 1/3, patients will
be classified as having glaucoma. The aim of this research is to develop the device to capture the image of the
optic disc. Then, the image provided by the prototype, with the aid of image processing algorithm based on the
area ratio of the optic cup to the optic disc, can be used to classify glaucomatous patients from healthy individual.
From the result, the captured image of the optic disc, the location of the optic nerve head is clear. The image of
the optic disc apparently shows brighter and dimmer section, which represents the optic cup and optic disc
respectively. The image can be used for analysis of opened angle glaucoma via image processing algorithm, which

are provided by many researchers [ 1,19,21,22].

Keywords : Glaucoma, Ophthalmoscope, Diagnosis, Optic cup, Optic disc
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[. INTRODUCTION

Glaucoma is a chronic and irreversible neuro-
degenerative disease which can be classified by the
Simple name of the

Open- angle (OAG),

iridocorneal angle [ 11, [2] .
iridocorneal angle is angle [3].
closed-angle (AAG), and developmental categories are
types of glaucoma, which are further divided into
primary and secondary types [2]. In case of primary
open- angle glaucoma ( POAG), patients may have
elevated intraocular pressure or without it [2]. In Asia, a
lot of patients who have open-angle glaucoma, the
intraocular pressure is almost the same as people who
are healthy [4].

In this study focuses on open-angle glaucoma that
sometimes called as an insidious onset, which takes
slow progression over months to years [5], [6]. It is the
commonest form of disease and painless [5],[7. Because
of its painless, so patients do not aware of damage to
the eye until it is in the final stage, and visual
impairment has occurred [7].

The objective of this research is to develop the
prototype to capture the image of the optic cup and
optic disc. In addition, the authors believe in the quote,
prevention is better than cure, which in the case of
glaucoma, there is no way to cure. So, this prototype is
aimed to diagnose the people before they get into
severe stage and are totally blind. Furthermore, in the
case that the doctors need to diagnose the patients
who are in rural area, this prototype is also a good
choice as it is a portable with very lightweight. After the
image is captured by the prototype, with the aid of
image processing algorithm based on the area ratio
of the optic cup to the optic disc, can be used to
classify glaucomatous patients from healthy people.
Nevertheless, the image processing algorithm is created
based on many theories, which are provided by many

researchers.
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Il. LITERATURE REVIEW

Glaucoma is one of the leading eye disease that
brings the blindness to the patient without notice.
There are several factors which affect the growth of
glaucoma, but the main problem is glaucoma takes
time to develop itself gradually. Hence, it is hard to be
noticed by the patients whether they have glaucoma
or not. Furthermore, the lack of knowledge about
glaucoma is also another reason that people don’t
aware of themselves. In Ebonyi, Nigeria, where is the
developing country, a sample group of people, 402
people were asked about glaucoma with 12 Yes/No
questions in 2016 [5]. From the result of research, 27
(6.7%) had good knowledge, while 375 (93.3%) had
poor knowledge [5]. So, it can be seen that people in
developing countries had poor knowledge about
glaucoma, which may be the reason to explain an
increasing number of people who will have glaucoma.
However, an important issue that we can’t ignore is risk
factors which have several factors that contribute and
affect people to be glaucomatous patients [8]. From
the Journal of Optometry, age had relative relationship
with risk, which means as people have grown older, risk
of having glaucoma is also rising [4], [8]-{10]. Next factor
is gender, from a Bayesian meta-analysis, it was shown
that men tend to have open-angle glaucoma [11]. Third
factor is genetic and family history. Family history
demonstrated that it carried a relative risk of 2.1 times
as being associated with OAG [9]. Although family
history plays an important role of glaucoma risks, the
closeness of relationship of a patient is another crucial
factor, more closeness means higher risk [4], [11]. Final
factor, myopia, is also a significant glaucoma risk factor
[4], [12] - [17]. Furthermore, in case of glaucomatous
patients, glaucoma development and progression rise
with the degree of myopia [17].

To identify whether patients have glaucoma or not,

they need to have a proper diagnosis which performed



by an ophthalmologist. Normally, five common tests are
used to diagnose glaucoma, Tonometry, measure an
intraocular pressure, Perimetry, measure how wide you
can see, Gonioscopy, measure an iridocorneal angle,
Pachymetry, measure the corneal thickness which
affects to an intraocular pressure, and Ophthalmoscopy,
see the shape and color of the optic nerve. Inthis paper
decided to use ophthalmoscopy, to visualize the
posterior segment of the eye, by focusing on optic nerve
[18].

In ophthalmoscopy, optic disc and optic cup
are crucially important to an analysis. From ophthal-
mology research, it classifies the patient to be
glacomatous patient if the patient has the area ratio
between an optic cup to an optic disc more than 1/3
[1], [19]. Furthermore, radius ratio between an optic cup
to an optic disc can also be an indicator as same as the
area ratio with 1/3. From the Fig. 1, it can be observed
that an optic cup is smaller and brighter than an optic
disc. In addition, some ophthalmologists call the optic

disc as optic nerve head (ONH).

Fig. 1. Image of Optic Cup and Optic Disc [20]

I1.RESEARCH METHODOLOGY

We have developed many prototypes based on
various theories. In this paper, two main prototypes are
presented chronologically. Based on the direct
ophthalmoscope, in the first prototype, the body of the
device is made from the PVC trapezoidal wire duct, 18
mm x 1 m. For the lighting, the 0.022 Watts LED light

bulb is the light source, and the power supply is a 3-
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button cell. Two holes are drilled for inserting the
endoscope and the LED light bulb respectively. The top

view of the device is illustrated in Fig. 2.

4 mm 10 mm
«—> < >

A
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o
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@
v 3/7;
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18 mm
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Fig. 2. Top view of the first prototype

As can be seen from Fig. 2, there are bigger hole on
the top, while the smaller hole is below. The radius of
two holes are drilled respect to the cross-sectional area
of the endoscope, and the LED light bulb. The outer
diameter of endoscope and the LED light bulb are 8
mm and 5 mm respectively. Therefore, the holes are
set to be drilled as 10 mm and 6 mm in in term of
diameter.

For final prototype, we also use the direct
ophthalmoscope as the model for our prototype.
However, we decide to cut some parts of the direct
ophthalmoscope and modify from the first prototype
to be more user-friendly. We also change the light bulb
from LED to be the incandescent light bulb which is
used in the direct ophthalmoscope. The main reason
that we decide to change the light bulb is the intensity
and the brightness of the light which LED light may be
harmful to the eyes. The body of the final prototype is

also modified which is provided as below.
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The final prototype is divided into 4 parts which are
equipment, specification of main equipment, design of

the prototype, and how to operate the device.

A. Equipment

The prototype consists of 9 apparatuses as
following.

1. 2.5V Halogen Lamp

2. Stamp Paper Clip

3. Wi-Fi Endoscope
4. 3/8 Inch Grey Agricultural PVC Pipe, 6 cm in length
5. x10 Folding Hand Loupe Lens
6. 2 pieces of 1.5V AA Batteries
7. 3V AA Batteries Holder with Lead
8. 1 set of dual crocodile clip wire
9

. The eye ¢lasses frame

Eye Glasses ‘ Wi-Fi Endoscope
Frame Ll 25V Halogen Lamp

< I
f

X10 Folding Hand Loupe Lens

3/8 Inch PVC 1)

Power Supply

Fig. 3. Schematic Diagram of Glauco Dtex Eye Glasses

B. Specification of lamp and wi-fi endoscope

1. Halogen lamp is for Mark I Classic ophthalmo-

scope Medical Devices (Pvt). Ltd

2. Wi-Fi Endoscope

2.1 Cable Length: 1 m

2.2 Camera Head Outer Diameter: 8 mm
2.3 Lens: 2 Megapixels CMOS camera
2.4 Resolution: HD 720p

2.5 Frame Rate: 30FPS

2.6 Viewing Angle: 70°

2.7 Effective Focal Distance: 4-6 cm

2.8 Battery Capacity: 800mAh

2.9 System Requirement: I0S/Android
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C. Design of the prototype

Based on the direct ophthalmoscope, the illumi-
nation and viewing optical system. By cutting off lens 1
and aperture view, use 3/8 inch grey agricultural PVC
pipe to be the canal for the light. At the initial point of
the pipe is the position of the lamp, while at the exit
side of the pipe is where the lens is located. To get the
fundus image, the slope is needed because if the
endoscope is parallel to the pipe, the photo cannot be
seen at the light show on the object. The slope is a
stamp paper clip. 2 pieces of 1.5V AA batteries are the
power supply for the lamp.

D. How to use the device
The procedure of using this device can be divided

into 2 parts, which are endoscope part and lamp part.

1. Endoscope part

a. Connection between receiver and

sender is connected via Wi- Fi. By
pressing the button as shown in  Fig.
4.

The Wi-Fi box requires charging with
USB cable at the port as indicated in
Fig. 4.

Connection between the endoscope
and Wi-Fi box at the port which is
shown in Fig. 4.

Android and 10S system, application
“HD Scope” is required, which can be
downloaded in Play Store and App
Store respectively.

All record will be in video for ease of
use.

After record the video, this recorded

video is needed to save in mobile

phone or computer.



g.  Choose the best part of the video and
take a screenshot.
h. Enlarge the screenshot to get bigger

photo or can crop in computer.

Charging Port

Endoscope Port

Fig. 4. Wi-Fi Box of The Endoscope

HD Scope
jintao
Tools
e

Fig. 5. HD Scope Application

2. Halogen Lamp part
Connection between the power supply and the
lamp is connected via red and black dual crocodile clip

wire.

E. Flow diagram to classify glaucomatous patients

As shown in Fig. 6, captured optic nerve head image
from the prototype is the input, which is transferred to
the image processing algorithm. After image processing
finished, glaucomatous patients and normal can be

classified.
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Glaucoma

Image from Image

Our prototype Processing

I
R

Normal

Fig. 6. Flow Diagram of Classification of Patients

IV. RESULTS AND DISCUSSION

The images provided by two prototypes are
presented and compared as shown in Fig. 7 and Fig. 8,
respectively. In Fig. 7, and Fig. 8, the optic nerve head is
cropped using window photo program. By observation,
the brightest area is located in the center of the image,
while the dimmer part is at the edge of the image. The

results agree with the studies observed by other

research [1], [19].

Optic Disc Optic Cup

Fig. 7. Image of the Optic Nerve Head from the first prototype

Optic Disc Optic Cup

*

Fig. 8. Image of the Optic Nerve Head from the final prototype

It can be observed that the results from both
prototypes are similar, but the color of the images is

quite different. From Fig. 7, the color of the image is



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

brighter, since the LED light bulb provides the higher
level of brightness and intensity compared to the
incandescent lamp. As the result, we can see the clearer
optic cup and optic disc. However, the distance
between the eye and the device also has to be taken
into account. From several experiments, if the distance
of the device is closer to the eye, then the image is going
to be brighter and has clearer details. The temperature
of the light bulb also affects the color of the image. The
image of the first prototype (Fig. 7) presents the warmer
tone than the final one (Fig. 8). Furthermore, as the final
prototype uses the PVC pipe to be the body of the
device, light from the light bulb travels inside the pipe,
which also loses energy during travelling, resulting in the
less brightness and intensity, although the light pass the
hand loupe lens, but it cannot compensate the loss.

From the flow diagram in Fig. 6, various techniques
in image processing have been developed by many
researchers. Objective of these techniques is to classify
normal people from glaucomatous patients using
fundus image [1], [19], [21], [22]. The principle of image
processing technique is image segmentation. Based on
the flow diagram in Fig. 6, an input image is the image
that is captured by our prototype. Next step is pre-
processing, which some researchers enhance and filter
the image [21]. After pre- processing, optic disc will be
extracted from the image, which some algorithm may
also extract special feature, for example, texture and
intensity [22]. Using glaucoma data set, the algorithm
can make a decision, which in some research, it can
state the stage of glaucoma as well, then lead the result
and classification between patients and healthy people
(1], [19], [21], [22].

However, the image in Fig. 8, may need further
improvement for better resolution. The higher
resolution of the image means the higher accuracy of

the classification result.
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V. CONCLUSION

Glaucoma has effected all around the world,
developed countries, developing countries, and under
developed countries. Five common tests are used to
diagnose glaucoma. In this study, we observe the main
problem of g¢laucoma, people have inadequate
knowledge about g¢laucoma [ 4], which leads to
irreversible blindness. The objective of this study is to
solve this problem by creating the prototype which
normal people can use it, and classify whether they
have glaucoma or not. We decide to use direct
ophthalmoscope as the based device. By cutting off
some parts, and replace the handle of a direct
ophthalmoscope by a grey agricultural PVC pipe. At the
exit of a pipe is a position where folding hand loupe
lens with X10 magnification. The optic nerve head image
from our prototype is illustrated in Fig. 6, which show
the brighter section and dimmer section that are optic
disc and optic cup respectively. By input our ONH image
into an image processing algorithm, classification
between healthy people and glaucomatous patients
can be achieved.

However, this prototype is needed further
improvement since the resolution and quality of the
image  should be higher. From the direct
ophthalmoscope, we may put the concave lens before
the halogen lamp to let the light scatter inside the pipe,
which may increase the quality of the image. In addition,
we believe that accuracy and precision of the
classification result are higher with higher quality image

and resolution.
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Abstract

The convenience stores in Thailand presents its continuing growth in both urban and rural areas. The stores
possess various electric equipment for refrigeration, air-conditioning, lighting, cooking, with 7/24 service; resulting
in high electricity demand. Those stores have been persistently conducted energy conservation; however, there is
still a great potential for energy consumption reduction.

This research conducted detailed energy auditing to investigate the energy usage and its influencing factors.
Nine convenience stores participated in the study. The results showed that the stores consumed electricity at
173,284 kWh/year, average peak power 20 kW, energy intensity 823 kWh/mZyear. The refrigeration shares 59-64%
of the total energy consumption. The air-conditioning came the second with the consumption of 26-28% while
the electric lighting consumed about 5%. This study proposed eight energy conservation measures including
(1) Reflective ceramics painted roof, (2) Insulated roof for heat resistance, (3) Solar photovoltaic rooftop,
(4) Reduction of glazed area, (5) inverter air-conditioner, (6) Inverter compressor for refrigerated open showcase,
(7) Inverter compressor for walk-in cold room, and (8) 3-layers glass for walk-in cold room.

A mathematical model was developed for the store to present the energy usage in each system and the whole
shop. For Thailand, the estimated conserved energy in the standalone and the commercial building’s store,
implementing particular measure and combined measures, from 2019 - 2027 is about 9.9%. Therefore, these

measures should be further evaluated for their investment worthiness.

Keywords: Convenience store, Energy conservation, Electrical Energy, Inverter compressor, Solar PV rooftop
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Abstract
The aim of this research is to enhance the performance of tree algorithm using mixed splitting algorithm. Binary
tree is very efficient when the number of users is small. In case of large number of users, Ternary tree performs
better than other algorithms. Therefore, this paper introduces mixed splitting algorithm. The details of this algorithm
are as follows. When the number of the collided users is small, this algorithm will split the collided users into 2
groups. In case of large number of users, this algorithm will split the collided users into 3 groups. From the results,
we found that the probability of success of the proposed algorithm tends to be higher than the Binary and Ternary

algorithms. With this reason, the proposed algorithm performs superior performance than other algorithms.

Keywords: Channel Access Method, Tree Algorithm, Mixed Splitting Algorithm
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Abstract
Rubber is the important economic crops and export products of Thailand. Studying and forecasting the demand
of rubber could be used as information for supply planning including production and cultivate area. Time series
analysis was used to formulate the forecasting model for export volume of Concentrated Latex, RSS Grade 1, and
Crepe Rubber. The appropriate forecasting time series models were SARIMA(0,0,0)(0,1,1),, SARIMA(0,1,1)(1,1,0),, and

SARIMA (0,1,1)(1,1,0) , respectively. After that historical statistics of production and stock were used to estimated

o
rubber production and cultivate area corresponding to forecast including domestic demand and export. In the year
2022, Thailand should produce rubber about 1.573 million tons, which requiring cultivate area is about 6.561
million rai, respectively. The research results could be used to plan and set the appropriate policy for Thai rubber
production. Consequently, Thailand should reduce rubber plantations by 16.291 million rai because nowadays

there already have as much as 22.852 million rai. The government may promote the planting of other economic

crops in order to balance the demand and supply.

Keywords: Rubber, Demand, Supply, Time series, SARIMA model

106



1) uni

Usznalnglddoindulsemanunsnssuiifaugas
auysal “luthivan Tuwiiidn” sunaneduundsndn
pwnsassUszrnsalan TuwsasUinandnnanainyns
Lt dufiadn wald wazivlseangnaradudiuaunn
HnainaglulszimAuasaaindsean n1ANIINeAIIed)

UNUIMAIAYABTEUULATYFNIVRIUTELNA LWAaTNANIS

'
P '

Wannsinunsfinouan wud sielduazanuduegves

¥
=

NERINTIALTIMATY [1]
gremsimduduininunsiidfyvesUssmdlng St

Uszinelnedududndneansselugvedlan auundie

dulaitlide eaun dufy Iu uazuade wavUszsnalny

fodugdseengnamsiselngvetan wWudeaiu g1

o

lnedwenuusduaoingy lnenquusnazilundndamiens
<

Aedusagy Wunsuusguineafinialalmdulusuuuud

faan1swazvinnisdseantiountuldidudngauly

]

&

gnamnIsuNandmeiens nguiiaesazilunindueiens

o <@

difagu Wunspuiunisulsguthensiindaldl i duaudn
d593U 1wy eesnewud Qailesns geenveundy viewns u
#u winananenamissilanagifintu uiduinfuinii
audesn sl 4 Aaseu Taefimsmamsaiinnigly
U 2563 einandngnanisrdruiuialseunn 1 ausu
wazUSuauesdauasieidiuaziing 3 dudu [2]
wsigeanavesnuldwiusululiunaunisuilan
melulsemanayUTnmnisdsenn suiesunainainuiy
nauvenatslade FaldarunsoaianisalgiasAunas
MaunugUnueInIsIvesnelaegavinzgay
nawnugUnwmdunisaaulusiunisiwiz Ugn
dielildnananfiaenadosfuanudeanis iesainwin
winzUgninniiullavdmaliinguniudiniuuazdanal
$1IAHAREAANGT WIANANTENUNILATYFAINITIUV DS
inwmsnstugndaduiiisieldtosagud udmnmizugn
waaiAulyagyilidelontanianisvie danasenny
undefiovesnain dtumsnaukugunuiianganid
ANNEARYBE 9NN ﬁy’ﬂﬁ%;&aﬁﬁﬂLid]u’luﬂ”m'ml,l,muqﬂmu
Fogramnzaufensnensniguasdiiusiugiianisldly

UsenAnazn15aienn

TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

2) NMTNUNIUITIUNITU

aynsuan (Time Series) Ao nguvesAdanaiiiy
ssRIAMRaegsaIomar MIllATIEioynsLan
(Time Series Analysis) fis MsAnwgULUUMSIUAULUAS
yaaiuUsivasulunmunailuefnauiedagiu wéai
sUsuuiunseiiensinsaidwesiaulsiulusuian
é’aﬁ?ﬁmqﬂszmﬁmaqmﬁmwﬁaqmunm B MR U
nandamaniimnzaslunisneinsaiavosiudslu
oA tules adiansnensaliiensitaszioynsy
Waniivang s wiarTSinannisuazaumzaliuteya
Fuananafu wiadu wadansusuliSeu (Smoothing
Technique) Lag3sn1590300ng-1aufUud (Box-Jenkins
Method) fsswazidendelui [3]

Tnginluisdend-lauiud 19uisafinnuusiugigsnd
n1stuadawuuvesisdond-tauiud vinldlaenas
nyavaevantAlsiduanduiuslusa (Autocorrelation
function: ACF) uagilaiduanduiusludaunsdau (Partial
autocorrelation function: PACF) %aﬂaqﬂiuna’lﬁlmﬁl
(Stationary) M%aqﬂimamﬁﬁmm?{aLLazmmeUsUi’Ju

mﬁ 4, 5]

o
o

N13NEINTAAEITIATIZVRUNTUIANY THANYIITY
PIdwauunn wu n1sfnwiiiannuudugiveanisiasien
oyNTUIAMAZNITNEINTA LHevABNeINTalfmunzay
dmiunisuidamigsianaziaswgia laud 38n1susuly
Feusuudndliiuuieaveslaaduasiuines 35n1s

ad s

annagludl warddUand-tauiud Feurunlgnusuuy

o

Ariva Taglvigldidensusuuimunzaufiaaiieliidiiu

v
=

anwauzesteya MlanuudugTlunisnensalfiuiniu
miﬁmLﬁaﬂéhLLuumsaauJUuﬁugmﬁuaqmwmmmLﬂﬁauﬁ
tiouiian [6]

Tud 2004 fin1533eiAeafunisldisnrsmaAiais
wdouilaemsliimdnuuudndluiuuiea (Exponential

=

Weighted Moving Averages) 1% 5uoynsuiaailud
o = aa o Ay A
LLuﬂumﬁﬁaa‘L}ﬂiuL’JZ-]’W];JLL“LJ’JIU;J LLagacLéﬂﬁllL']ar]V]lelll
A A = = oy Y i aa
ﬂaﬂqaﬁﬁaﬂﬂaﬂqa thdwaﬂﬁﬂﬂ‘mulfﬂﬂa’nhm 8NN
i = d' A v Y o 2 e =~ & ao
ﬂ']LQaﬂLﬂaauWI@ﬂﬂqﬁiquﬂuﬂLLUULaﬂ‘ﬁiﬂLuuL%ﬂaLUu’Jﬁ
a & ' ' ° a ¢
Wllﬂ')rlllﬂﬂﬁﬁlugﬁlnﬂ L‘Wll7gaumaﬂq5u’]1UULﬂﬁqgﬁﬂqi

wensainslunsadeyaliduwiliuwaslifignnia wie

107



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

Foyaftuuiliuuazdgania Tuegfunniludseyndld
91w isrznsladminlitudoyaluusaztisaziueg fu
nsfinnsanamzanvediitluldnu  fewmaua
Fanann Feialdnisnensaidaeisdianudangugs
wingauiunsiluussendldenluvane e [7]

M sfnsfuaiiuddeiifieades wuin finns
Uszgnaldinuunisneinsaluuudend-1lauiud wu n1s
wensalnandnuazUIuudeeneanisvessemelneg
iilonansalnananuazUsinudioong s svesUszina
vy Mmewatinnieada ¢ 35 1w n1sneInsalaeaunis
annsglagldiulsuganiauazuudliuiia, dauuy
SARIMA (p,d,q)(P,D,Q), vosdond-1aufiud uwaznsusuiseu
wuudndldiumdeaganianuuuiAnuesleaduaziumes
MYFAILUUNEINTALTIUINUALAUUNEINTATINY A Ha
nsfnwInuinnisnensalaie auntsanneslagldfiuys
Wuggmauazuliunaduiuuuitieumnganiian
\esnnlianadAsnvesamaniadeuindsaeaads (Root
Mean Square Error: RMSE) G?ijﬂ wazillonanisainandn
wazUsurudseannuinlud w.a. 2559 nandng19anisndl
ity Sovay 3.47 wivinadseonndulifianig
anassoraz 0.31 uandliiudaandndiuiuainaanuly
AanAd035enINgUuatd wargUuniulunaing1In11ves
Uszine (8]

uenaniifefinismensaiiinunisdsenns iy
suptutu 1 Tne3vesdond-1auiud lnglddoyasneisiou
Fandiieununiug 2550 Suieunnsiay 2556 FaavieAn
72 \ou Muuunensaifnzaudmiuteyaynil Ae
ARIMA (1,0,0) ¥30 AR (1) [9] wazn15WeInTalu3uIUnIs
dewangnnenUf memsiUieuiisunaianisia e
aunsuIan 335 loun 35 Jend-laufiud Fnsuiuisey
wuuLdndliuudeavedaad wagisnisusuissunuudng
Tudsaifuuliuwuuun wansdnwinuii Bdond-

a ¢ & adda 1 d'
UAUE LUUIBUANULLUEEA [10]

3) FANTUNTIVY

INAITNUNIUITTUNTTUAINNEILT WU hLazANg

'
a

AFyLRgafun1sneInsalUSUIMNANANUS aN1Sd98N

g19M15710710190a0 wadeldassiinisiinaniswensali

Ya o

Teuneunweunu §idededinnuauleasisiuwuudmsu
N13NEINTAQUAIRLIINITIVB N MIENITIAT ISR UNTY
na1 Fadunisuszgndlddeyalusiinlunisaiieduuy
wensal sansnan e InsaifldumueLgUN L
ilon1ansainandnuazidefinizugnimunzay Taod

Bnsenduanu fedl

3.1) MaAusIvTdoys
3.1.1) susudeyasynsuiailiuiunisdeen
g191151 LAWA U18199U 19BHUSUATUYTY 1 kazenanau

v

o & v ' =% o & Ao W Yoo
Un %&Lﬂu%ay}aEJN‘WWiWﬂﬁgAFJNﬂﬂmlﬁ%ﬂwmlulmﬂ1

Y

n1suUssUilundndasideunisdieen deyadengla

=

FWTWAINNSUAANIAT [11] &

1% N

awdufeyaseifion Busaus

LWABUUNTIAN W.A. 2555 D9 LhounaIAl W.A. 2560 594

[
o

798U 70 Aoy

3.1.2) sswdayaillefiinzdan (15) wandnsiels uae
Ysununisldenanialudseme andiinauasugia
n1sineas [12] e lun1suszanaiuasaawnuguniuy

§19NN51089 MY

3.2) as9iuvumsngnsalguass
fuuunensalalasAensnisvesine WWuduwuuns
weNsaiLUUTend-lauAud Fulunsunsatieded [4, 5]
3.2.1) fnsannsmdeyasynsuanieginddiade
AsTinazAm LU TUTIUAsvioll nanfe Aeuduoynsy
naWUUAST (Stationary) mindeyaifusynsunaiuuul
Asil (Nonstationary) 9zfosvinnisuuastoyasiedBnieg
19U a9nN13NNETINYIA (Natural logarithms) wagyinn11n
wasnadus Ul d wuulifggnia Wifudeyasynsunandsl
il warlunsdifeyasynsuianiiggnia azdeam
warnsdududl D uuufiggma levilveunsuanfidiads

'
=

AN

3.2.2) 91505 MLanIA ACF way PACF Lilemn

JUAUVY g, Q Ay p, P

108



3.2.3) WdUdU p,d,q waz P,D,Q WIATINFIUUU unu
778 SARIMA (p,d,q)(P,D,Q), Hillaseasnalnesaufsaung

S

(1) wazduwuvudululdeatiunnniwmieswuy

3.2.4) WhsmuumduldldudaziwuuunmaUseuiu

pans1iimesluduuuaieisitdeassieefan uaz

nageumilmeiusaririnegluaunisiuuunielil

3.2.5) aspvaeutennasdosduifuaunainadoy
YoIFuuU 4 90 ldun 1) mueanedeusosinisuanuas
wuuund 2) ﬂ"]La?a'mmmmﬂamm?iauﬁ‘]u@,ué 3)
AuAaILAdeulinuRUsUSIUAIT waz 4) ANuAaIn

al & a o
Al uRaTeNY

3.2.6) ATUIAINARIALATEUYBINITNHYINTRIAILAT
fevazauAaInLAfeuduysallade (Mean Absolute
Percentage Error: MAPE) maﬂnﬂﬁuwuﬁmumamﬂaﬁ

1%

Waeru tngwnaeilunisiansanan MAPE el [13]

(1-#B—¢,B> ..~ ¢, B )(1-®B° —0,B> - —

TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

MAPE <10% WARIINTHEINTAIIAINLILIIUGA

10%<MAPE < 20% Waf931n1sNgInTaiianuuwsliusenu

ho))}

20%<MAPE < 50% Wanginnsnensaisinnuuwsiunaly
MAPE > 50% LERMIIINISNEINTUNANULUUT B
3.2.7) \Aonsauwuuiilian MAPE ffign iieidudauuuy

Amunzaudmsunsnensal

3.3) MTUszaalas I1NUAUgUYIY

3.3.1) WeINTRlQUAIAE1INITIvs a1 TGl w.a.
2565
3.3.2) AwnsgUsuuadfdoundunuiiunanin

PUNIT WazonsINsulasensnisvesing

333) UszununisHandnuazileNnugnenanisii

gonndoINUNaNITNEINTEl

@ pB")1-B) (1- B5)",

=5+(1-GB-B* ..~ 0,87)(1-0,B° -8 —..-0,8% )¢,

13l

A v =i

Y, AD UBYA & LI ¢

t

N

B A® Backshift operator

e Ao anweawAAeudl m a1 leed
& ~ NID(0,57)

5 Ao wirilmesaasivesfauuy

p fe dudui p YBINTEUIUNTT Nonseasonal

autoregressive
d AR DUAUN 4 URIMSUINasIuU  Nonseasonal
difference

g fo dUAUN ¢ 8INTTUIUNTT Nonseasonal moving

average

P e Susudl P YDINTLUIUNTT Seasonal
autoregressive

D foduiuii D 28answmasisuuu  Seasonal

109

difference
0 Ao duiull Q0  wesnIELILUNT  Seasonal moving
average
Bty

autoregressive process SUAUN 1,2,...,p

A9 WAMSUERIAIIDY Nonseasonal

0,0,,.,0, Ao W9TAeTuanIAwE Nonseasonal
moving average process SuUFUT 1.2,....q

O, D,,... D, A8 MIUNBTUANIAIYRY Seasonal
autoregressive process Susuil L,2,...,P
©,0,..0, fNITHiAeiuandA1999 Seasonal

moving average process SUAUN 1,2,...,0



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

4) Nan1539Y

4.1) AuUUMINgNsloUAIANITA 08N 1NIT)
91NM5ATAN ACF Faguit 1-3 wuirdeyauTananis

dsoonthenstu iueunsunanfilifiuualtuddizniwa

losaingenia drusrsudusuatudu 1 oynsaaand

winlduuaziisnsnaiiesnggnia vinlveunsuiandslyl

'
a

Aet ety Faudasdayamien1sMIHARIIANIASURUT
(D=1) uazuUastoyarIeNITMIATHAR LA HAR19EN1A
Fuduil 1 (d=1, D=1) suddiv dwuenefoudud aynsu
nanlifiuualduuazdniwaidesainggnia Fudueynsu
nafinsiinds waannsinsgivialrldfuuunensaid
\iutgan bAwA AIWLUU SARIMA(0,0,0)(0,L1),

SARIMA (0,1,1)(1,1,0) WA¥ SARIMA(0,1,1)(1,1,0) WiouA"

Centrifuged_rubber_latex

MAPE LY1A1U 18.18% 15.33% Wag 17.99% A1ud1A U
Lanedn fanuunensalfiladaundulussiuiuas
anunsatdluuszenaldla lagaunisneinsaluTunang
dweamiensdu snudusuATuTy 1 uasensfousud uans

Fadumsii (2) - (@) mugddu
(1-B)Y, =0.0002+(1—-0.6156 B%)e, ()

(1-B)(1+0.5769B)(1— B)Y, = 0.000002+ (1—0.6082B)e, (3)
(1-B)(1+0.6256B)(1— B?)Y, = (1-0.4659B)e, (@)

Centrifuged_rubber_latex

1o O coefficient 1 o O coetficient
— Upper Confidence Limt — Upper Confidence Limit
— Lower Conficence Limit —Lower Confidence Limit
0.5 05
Im ]
[ ool 2
5 . ool Hﬁuuuﬂ =z Humﬂ”uﬂuuuuﬂﬂ
L I : I e 1
I_II_A o
0.5 0.5
1.0 1.0
IERREEREEE TR LRSS R IR S S 1 5 L 0 0 .0 e U
Lag Number Lag Number
JUT 1 ACF waw PACF vasUSinaunsdseanting1adu
RSS_Grade1 RSS_Gradel
104 O coefficient 104 O coefficiert
— Upper Confidence Limit — Upper Conficence Limit
— Lower Confidence Limit — Lower Confidence Limit
0.5 m 05
= =a0am
o g LU
- = ﬂﬁuu N s = HUHHHH o 00_O=n
2 U £ ] o |_||_| | U
o

1.0

T T T T T T T T T T T T T T T T T T T T T T 17T
12345678 9101112131415161718192021 222324

Lag Number

05

LI 0 e e e e s
10111213 1415161718192021222324
Lag Number

o
o
.
]
e
]
@
]

JUT 2 ACF uag PACF v83U31naunT5ae0ane 1 aurusua ity 1

110



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

Rubber_cubes Rubber_cubes

O coeficient
— Upper Confidence Limit
—Lower Conficence Limit

O coefficient
—Upper Confidence Limit
—Lower Confidence Limit

054

[

ﬂﬂﬁﬂ

|

ACF
Partial ACF

Uuu”“””uu“uuuﬂ“ IRl

05

TT T T T T T T T T T T T T T T T T T T T T 71T
12345678 9101112131415161718192021222324

0. e e e
12345678 a10112131415161718192021222324
Lag Number Lag Number
P a ' v Y
E‘U‘W 3 ACF wag PACF 199U3010UN198999N819NDUIUAD
— Observed o
8000000 —Fit 4
— Forecast =4
7000000 <
w0
2
6000000 1
-
&
©  so00000 o
x ]
I-‘
4000000 \ﬁ a2
[
»
3000000 'g
o
o
2000000 [}
IA
1000000 S e R R U U Y e e e W I O S |
DO O —— MM = st DWW WWMMA~A~OOD® 000 — 0400
[ e = I = I S i e TR TR R R e R s W]
o o o o Y s Y s Y s Y Y o o o Y o o Y o Y o Y o Y o Y o o o o o o o o o o o Y o o o
B335 8P3EECE7R55528583285823853533383¢
d' = ' ¢ @ | S o
E‘U‘Vl 4 m’iLﬂaauVLm?J’eNmw&nﬂsiuﬂsmmmsmaaﬂmmwu
— Observed
1500000 —Fit
= Forecast
A
wn
1000000 |m
[7]
=
a
9 8
500000= .
=
o
-9
o
0 i
S000-—T T T L L L LTI LI T T L LT LT T LT
L I I I T R - o Y LY Y e e e e = B« = I 3 > o T T L B
S == S S e S~ < B S B YR A R
EESESESSSSSESSE5SEcE55855558888888
Lt I o It I I ot Bt I oY Lt I Y L ot I o Y ot Y o Y o A I S A I I I A
CC}‘—QQEQ}“S‘—WCC}‘—QDEU}\‘S‘—mccb
§323g2°&88623838583¢°826235832

q' a' ' ¢ A ' ' v &
E‘U‘W 5 msadeulmvesAmensaluSinaumsdieengtaurusua Uy 1

111



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

— Observed
—Fit
= Forecast

12500000

10000000

7500000

Y]

5000000

25000005

LT1epoN-saqna dagqgny

May 20

May 20201
Sep 2020
Jan 20217
May 2021
Sep 2021
Jan 2022
May 202271
Sep 2022+

JUN 6 mswmdeulmvesdmensaiviinunmsdeengafiaudus

INNTNEINTANBAUU SARIMA Taamensalusuna
A158999NUIP19TU SILAUTUATUYTY 1 WaLe19NaudumT
a1t 5 U fauwst 2561 9T 2565 Tnenaniniseasulnm

YoeAMEINTAAIFUN 4-6

4.2) MIUTEUIUUAL NUNU UV UG 1NN TT)

aa

PAIINIASIERFD AT DUNTINYINUNANARYIINITA

o

AEUNANER LazdnIINITHUaY Kan1TIlATIEigNINY

UizmmmiwamamLLazLﬁaﬁwaUqﬂsmw*mﬁaamé’aa
AURBNITNEINTAAIUFINITHIINITINIDN
nululszietagnaingdsonn wuin Tul 2565 Ussinelng
AsinanBnenenig 1,573 Sudu deeddidefinzugn

Uszanal 6.561 a1uls A9IEazdeAlun1SeN 1

M15197 1 wamsuszaugUasd wandn uazileiinzlgnenanisn a Y 2565

$18A1S Unenedu graudusuAIuTY | g1efaududi
1
Unaumsdeeen’ @udunenanuyssian) 0.068 0.008 0.105
AnuFessldlulssma” @ uduuenmuusean) 0.210 0.188 0.298
ANNADINSTIN” (BusulenanuUssLam) 0.278 0.196 0.403
) oo 0.463 0.187 0.806
AUADINITTIN T (AUAUYAY)
1.573
eitugn® (@wls) 6.561

VLIENNS): v

2/

FArinauAsygianisinens
3/

4/

AmensaiUsunainsaseen a U 2565

Amensalnuseansldluyseme i U 2565 meduuuiunlingaduvesdeyaain

U5EanaNIANABINISTIN (USHainsaeean wavaudeansislulsemnd)

v o a @ 3 ) o a
ANUABINTITIIN (BNTINTHhUAIEN N AULTULENE19UUY 1:0.60, DRTINITHUASANINENAU

L‘?JUEJNLLNI‘L! 1:1 LLﬁ%gﬁiﬂﬂWiLLUaﬂﬁﬂWWEJNaUL‘?JUEJNﬁ?Ju 1:0.50)

112

Uszanamsitlefiugn (wandnsiols U 2556 8e¥ 2559 Tnetade wihitu 239.75 nn./l9)



5) asUuareius1enNanisIvY

mAeilddaueitnsaeasdndenduuuneinsal
1‘7imexamr“fuaymmaaw%mmmsdnaaﬂﬁwswﬁu
gnaususIA Uty 1 weznefouduia Tngldideyameidiou
Faugiouunsiamg w.e. 2555 Safounainu w.e. 2560
$1uaudedn 70 e ilondauvunensald
drutonnasdesduuaslial MAPE drilga 1dun
SARIMA (0,1,1)(1,1,0) 4a% SARIMA(0,11)(1,1,0), Taelaidl

<

NAUVDIAIAIT AIUEINU TIADAAAIAUNITIVEVD LAY

@

LAEITIAN N5AIUAY [10] Fea5196n

Y

un1 wadou [9]
wuumswennsalUsInannsdeeenenuiusuAUiY 1 uay
819 UUNIA AIUEFU AredTvesdend-tauiud
wuieiu tnglddeyaeynsunailudisariiunnsiaiy
U wan153denudn fawuunensaiiiladauudulunis
wensadluszavfnazaiunsainluussynaldlauioniu

1o =

wuredwuuldiAlsfiendnudundsniuggnia enviy
ATevedaduna ns ezl quUsviady (8] 39
ANNAULUIMNgg ARz dINaRE 5B aoA e nT Al Lel
Lﬁaammﬂﬂ%mmwamamLLaSﬁmﬁﬁuLLUimmqama 39
91adwmaliUSINuNsAseenuUIiUn g e lamTauiiv
Fnuunmsensaiilalusmisonded

wdannldfnuunsnensainds uiseilldsnsgs
adffounduivafunandn dndrunandn Lazdnsnis
wlas mamﬁmﬁwﬁéﬁ’dﬂfﬂ'ngﬂﬁmﬁtmwﬁlﬁaﬂsw'uu
mswawamLLaxLﬁaﬁwaUQﬂ&mwwm wudn Tl we. 2565
Uszindalveaziinandneg1anisn Ussanas 1.573 &usiu 39
dodldidefimzdgnuszann 6.561 wils usitlagou (e,
2560) 'UizL'V]FTl‘V]EJﬁL“ﬁaﬁLW’]xﬂ@ﬂ&JNW’ﬁ’m’mﬁﬂ 22.852
auls %ﬁdaulmgt.ﬁul,ﬁaﬁl,wwﬂauﬂmdmvﬂ,éf 13.799 a1u
15 sespaunAen1Anyiueenideunila 5.230 awuls [12]
é’faﬂi’uﬂssmﬂmﬂasamtﬁfaﬁﬂgﬂmquswan 16.291 anuls
Lﬁaamﬁwé’nmimﬁm&mwwmaaﬂﬁmmm Feazdanalisn
wanAngetu 1umauidgmilituinumansfugnenane
Tnense Snvazsilafivsununandniidonadosunainiv
melulssimanazraindseonta

il nsanftufiiniggnensmng axdaaroseldly
AINTIVBANBATNT LNWATNTIIAITHUNIUGNTABLATEFAD

'
A

UNAUNUNTAMINTANAUTNBULANINAY AN NI

113

TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

o
o

Usgina uazaningiienniAvesiiuy diuninigua

PUINUNNYITDIAITAIUINTINAUTUN TN TN ULT S

=

ysunisingafunisidenimiglgnuaznisdnassivui

o w

d1AEY VDY

o

wnzUgnituATEgia Usewa WieliiAnauauns

aud9n havy

NeluLgaiug auniu g AAINLATETAIIY

NAINFIVDIUSEIINA

AnAnIsuUIEAIA

HI38vvaUANNITNAANINTHAZAITNUATYEAY

Manuns NiAnueATEidoyadmIunside

REFERENCES
[11 Farm Thailand. “Agricultural News, Export of Thai
Agricultural  Products,” (In Thai). [Online]. Available:

http://www.farmthailand.com/399. [accessed Oct 19, 2017].
Domestic Economy, " Agricultural Products Exports in 2017,
Rice-Rubber in the World Market," (In Thai). Prachachat
Business Newspaper, Vol. 39, No.4904 pp. 3, Monday 9 -
Wednesday 11 January 2017.

Mookda Manmin, Time Series and Forecasting, (In Thai).
Bangkok: Prakaipruek Publishing, 2006.

G. E. P. Box, et al.,, Time Series Analysis: Forecasting and
Control, 3% ed. New Jersey: Prentice Hall, Englewood Cliffs,
1994.

Songsiri Taesombat, “Quantitative Forecasting,” (In Thai).
Bangkok: Kasetsart University Press, 2006.

R. Fildes and S. Makridakis, "The Impact of Empirical
Accuracy Studies on Time Series Analysis and Forecasting,
International Statistical Review, Vol. 63 No. 3, pp. 289-308,
1995.

H. Charles C, "Forecasting Seasonals and Trends by
Exponentially Weighted Moving Averages," International
Journal of Forecasting, Vol. 20, No. 1 pp. 5-10, Jan-Mar 2004.
Chalermpon Jatuporn and Patana Sukprasert, "Forecasting
Models for Rubber Production and Export Quantity of
Thailand," (In Thai). Khon Kaen Agriculture Journal, Vol. 44,
No. 2, pp. 219-228, 2016.

Pennapa Putzon, "The Forecast of Export Quantity of the
Rubber Ribbed Smoked Sheets 1 by Box-Jenkins Method,"
(In Thai). B.Sc. Statistics. Burapha Universiry., Chon Buri,
Thailand, 2013.



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

[10] Warangkhana Keerativibool, "Forecasting the Export
Quantity of the Rubber Compound," (In Thai). SWU Science
Journal, Vol. 30, No. 2, pp. 41-56, 2014.

[11

—

The Customs Department. Import-Export Statistics. (In Thai).
[Online]l.  Available:  http://www.customs.go.th/statistic
_report.php?tab=by tariff classification. [accessed Oct 25,
2017]

—
—
N

[}

Office of Agricultural Economics.Situation and Trend of
Important Agricultural Products in 2018. (In Thai). [Online].
Available: http://www.oae.go.th/oaenew/OAE/. [accessed
Jan 19, 2017].

[13] C.D. Lewis, International and Business Forecasting Methods.

London: Butterworth Scientific, 1982.

114




TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

Unfolding to the Past: Temporal and Dimensional Perception

Enrichment for Image Impression Improvement

Kulwadee Somboonviwat! Thitiporn Lertrusdachakul®

Faculty of Engineering at Sriracha, Kasetsart University Sriracha Campus, Chonburi, Thailand

2Faculty of Information Technology, Thai-Nichi Institute of Technology, Bangkok, Thailand

*Corresponding Author. E-mail address: thitiporn@tni.ac.th

Received: 5 September 2019; Revised: 17 October 2019; Accepted: 29 October 2019
Published online: 25 December 2019

Abstract

An image is in essence a record of visible objects at a particular point in time. This paper proposes a method
based on adaptively integrating depth cues with relative motion for enriching temporal and dimensional perception
of images. The key idea of our method is to construct a natural-looking animated sequence of images from the
original one by introducing differing depth cues and varying time frames to individual generated images. The
differing depth cues are created by utilizing variations of visual details and color saturation, whereas the
presentation time duration of each image is determined based on structural similarity of consecutive images. The
resulting animated image can give a sense of increasing depth as well as a temporal dynamics from past to present.
The proposed method can be applied to image impression improvement, especially in the exhibitions or

presentations of historical places and artifacts.

Keywords: Image Impression, Temporal and Dimensional Perception, Depth Cues, Structural Similarity Index
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[. INTRODUCTION

The evolution of digital imaging has led to an
unprecedented growth of the number of digital imaging
applications, ranging from industrial to daily life
applications. Nowadays, digital imaging is used for
diverse purposes such as medical treatment, security,
law enforcement, defect detection, preventive
maintenance, railway facilities and road inspection and
maintenance system. Smartphones and the Internet
have made everyone being able to communicate
specific and meaningful moments visually. Everybody
can be a photographer in their own way. Meanwhile,
today’s technological society has drastically changed
and impacted the level of media richness. Social
networking sites like Facebook and Instagram have
allowed us to document and manifest our social life
through images as a digital representation in the virtual
world. We can easily and instantly create an
extraordinary image and share it directly to our favorite
social media platform.

To obtain a better and more impressive images,
many software and apps have been developed to assist
us in editing, enhancing and compositing digital images.
Tons of smart image filters and algorithms including
visual effects are currently available to provide an
effective way to catch people’s attention. Commercial
and noncommercial software, apps and websites such
as Adobe Photoshop [1], Canva [2] and BeFunky [3], not
only let us adjust brightness, contrast, saturation, hue
and blur but also offer photo effects and filters of
inspiration, e.g., bokeh and vintage effects, mysterious
and seductive filters. All of these technological
advancement of digital imaging have inspired and
challenged us to create an innovative approach to
exploit depth and temporal perception simultaneously

to render more impressive images that can naturally

visualize the passage of time from past to the present.

In this paper, we utilize depth cues in relative
motion to synchronize dimension of space and time
(past to present) for providing naturally innovative
image impression. These depth cues with reciprocal
motion are automatically generated from the original

color image.

Il. LITERATURE REVIEW

Human brain has evolved to see the world as it is
useful for survival. Therefore, our visual perception is
based on learning how to see and how the brain
organizes visual elements such as colors, shapes, sizes
and spatial relationships [4]. The brain’s response can
introduce depth cues to the images to give us the
illusion of three-dimensional (3D) appearance. The
depth cues [5] - [8] can be constructed from shading,
relative size, linear and atmospheric perspective, focus,
motion, stereoscopic and physiological cues. For
example, overlapping objects indicate relative distance.
Larger objects and more visible detail (in focus) tend to
be perceived as being closer. Close objects appear to
exhibit more saturated hues and contrasting values.
The technique of chiaroscuro [9] which refers to the
interplay of light and shadow, can be used to achieve
the illusion of three-dimensional volume on a flat
surface. Qian et al. [10] studied the effects of two depth
cues on visual working memory (VWM) performance.
Their results showed that combining the coherent
binocular and monocular depth cues can provide
significantly better performance on the perceptually
closer-in-depth items. According to [11] in stereoscopic
vision, depth magnitude tends to increase with
binocular disparity, while precision and realism of
depth perception tend to decrease. The depth
perception in disparity-defined objects has special
characteristic needed to be investigated for depth
estimation errors [12]. Inspired by these effects of

depth on human’s perception, in this paper, we put
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forward the idea to combine depth cues and make the
realistic depth experience.

For antique and vintage images, precious retro feel
can be accomplished by reducing the contrast,
saturation, brightness and adjusting the temperature of
color and tone [13]. The color fade will bring out some
of the details and make motifs become flatter. These
effects lead us to a sense of different vibe like they are
from another age.

Some websites, apps and research [14] - [17] use
motion as a tool for creating lively photo stylizations
and effects in static and animated images. In [16], the
photographs at different time points of the day are
combined with geometric stencils across the scene to
create layered animation of a unique impression.
Different shade movement [16], [17] enhances the
expression of time (day to night) and dimension in the
desired moving direction. In [18], different image slices
of relative time and transition from daytime to
nighttime are used to capture both details and a
sequence of time in a single 2D image. Unlike our
proposed method which utilizes only a single original
image to provide a better sense of temporal and
dimensional impression, these methods require taking
many photos of different time or manually adjusting

the colors.

lll. RESEARCH METHODOLOGY

To experience the image beyond a snapshot, we
propose the method to enhance temporal perception
from olden days to the present with integrated
dimensional feeling through the appearance of depth
cues. By introducing the depth cues of color saturation,
visual details and visible time, our method can improve
the perspective in time and dimension of a 2D color
image. Fig. 1 describes an overview of the proposed

approach. Our approach consists of three main steps:
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(1) image quantization, (2) structural similarity index
calculation, and (3) animation creation.

First, the color image is converted into indexed
images by using minimum variance quantization [19]
with a series of quantized colors and dithering. The
minimum variance quantization is used because it
allocates more or less of the colormap entries
according to the actual data and can produce more
accurate colors than uniform quantization. In addition,
the dithering technique of Floyd-Steinberg's error
diffusion dither algorithm [20] is applied to adjust the
colors of pixels in a neighborhood to make the average
color in each neighborhood approximated to the
original RGB color. This is to increase the apparent
number of colors for a better apparent color resolution
of an image. From the preliminary experiment, we
obtained the most suitable numbers of quantized
colors ( Q) for the appropriate change of image

perception as described in (1).

Q=2 ;i=234,..8 (1)

When the number of quantized colors @ equals to
4 (i=2), the image begins to have a feeling of depth. An
art expert suggests that image with 8 quantized colors
(i=3) evokes the most perceived sensation of former
times. When the number of quantized colors @Q
increases, more detail and saturated hues become
visible. Therefore, the images start to have more depth
as Q increases and the perception of difference

becomes smaller for larger Q (Q>64).
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Fig. 1. The overview of the proposed approach.

Next, we integrate the motion by using visible time
to animate a series of images into GIF form. The frame
duration will depend on the image difference in each
step of quantized colors. Specifically, it is inversely
proportional to the similarity between each image. In
this process, the structural similarity index (SSIM) is
calculated for adjusting the visible time of each frame.
SSIM [21] - [23] is selected because it can perform more
accurate measurement of the perceptual difference
between two similar images than the standard measure
of mean square error (MSE). SSIM is based on the visual
impact of three characteristics of an image, ie,
and can be

luminance, contrast and structure,

simplified as (2).

(2px by +C1)(20xy+C3)
(H3+15+C1) (a5 +05+C2)

SSIM(x,y) =

where [y, Uy, 0y, 0, and gy, are the local means,
standard deviations, and cross-covariance for images x,
y. The default values of C; and C, are (0.01L)* and
(0.03L)* where L is the dynamic range of the input
image. The value of SSIM is standardized to a scale of -
1 (very different) to 1 (very similar). By testing the
duration of each frame in the preliminary experiment,
we obtained the best frame duration adjusted
according to the comments from an art expert to
achieve the temporal and dimensional perception of

the image as shown in (3).
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1-SSIM(img;,img;41)

(3)

tf; =

= ST st ey % 3 122,30,
where tf; is the frame duration of image with 2!
quantized colors (img;),

SSIM(img;,img;,,) is the structural similarity
index value for img; using img;,, as the reference
image,

ts is the setting time in second to control the
period of animated image which refers to the total
frame duration excluding the last frame. It is also set to
be the duration of the last frame (the highest image
quality) and the default value is 1. The duration of
animated GIF and the animation speed can be changed
proportionally by adjusting the value of t5. Once the
values of SSIM are determined, we then compute the
frame duration of each quantized image to create an

impressive animation.

IV. RESULTS AND DISCUSSION

We applied the proposed approach to produce the
images more appealing. As the temporal (past to
present) and dimensional (depth) perception are the
target of our method, the images of temples which
carry implicit history and aesthetic, are selected to test
in the experiment. These images are taken from several
temples in Bangkok such as Wat Arun Ratchawararam
Ratchawaramahawihan  (Wat  Arun), Wat Phra
Chetuphon Vimolmangklararm Rajwara mahaviharn
(Wat Pho) and Wat Phra Si Rattana Satsadaram (Wat
Phra Kaew). The examples of images are shown in Figs.
2 and 3. Fig. 2 compares the results between 2 and 4
quantized colors. The digital images are available
online at http://tiny.cc/xynhez. It can be seen that
images with Q of 4 become more depth (not flat) and
are used as the beginning frame of the animated
images. Fig. 3 shows four examples of consecutive
frames with quantized colors of 4, 8, 16, 32, 64, 128,
256 (i=2,3,4,..8) from left to right and top to bottom. It

can be clearly seen that the images become more



appearing and perceptible as the visual detail and color
saturation are increased. The original images are
available online at http//tiny.cc/mlghez.  The
difference can be observed clearly when the images
are viewed in large size and high quality display. When
Q is small, the image difference is easily noticeable.
However, it becomes almost no difference (very similar)

in the last two image frames.

Q=2 Q=4
Fig. 2. The comparison of images with different quantized

colors (Q).
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Wat Pho 1

Fig. 3. The examples of image results with 4, 8, 16, 32, 64, 128,
256 quantized colors (left to right and top to bottom).

Fig. 4 illustrates an example of local SSIM value map
for Wat Arun 2. It is calculated from 2-D grayscale
images of consecutive frames by using (2). The results
are displayed in grayscale by scaling the minimum
value to black and the maximum value to white. The
higher value of local SSIM value (ie. white color)
indicates more similarity. The average value of local
SSIM values will be used as a global SSIM value of the
image. Fig. 5 shows the global SSIM values of the
example images shown in Fig. 3. The value of 1 means
very similar. The images of Wat Arun 1 have smaller
SSIM values than others which are corresponding to the
larger difference in visual perception between each
frame. It can be obviously seen that all graphs tend to
be less slope (more similarity) when Q is increased.
From these variations, we can compute the frame
duration (tf;) by (3) and the results are described in Fig.
6 with the default value t, of 1. The created GIF
animation will have shorter frame duration if the frames

are more similar.
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. z / s - {

Fig. 4. Local SSIM value map of consecutive frames for i = 2, 3,

4,..,7in Wat Arun 2 (left to right and top to bottom).
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Fig. 5. The global SSIM values of the example images shown in
Fig. 3.
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Fig. 6. The frame duration of the example images shown in

Fig. 3.

Fig. 7 illustrates an example of frame duration in
term of percentage of animated period. In this case by
default, the total time of period is 2 seconds which 50%
of them will allocate for 6 animated images and
another 50% will be the duration of the last frame. The
animated GIF can be viewed at http://tiny.cc/icisbz.

For the overall results, the created GIF animations

can improve the perception of time (past to present)

and dimension (depth) as the images are getting richer
in detail and color saturation. These depth cues are
enhanced by relative motion of image frame according
to the image difference. An artistic specialist suggested
that the proposed method would be good at image
with high detail/texture/pattern, high color variation
and high dimension or perspective from shadow or
lightness. The difference in saturation between each
frame could be used for fine tuning the frame duration.
Compared to prior methods [16], [17], the proposed GIF
animations generation approach utilizes a single original
image to naturally provide a better sense of temporal
and dimensional impression  without manually
adjusting the image colors. Our method can be used in
various scenarios such as electronic brochures,
exhibitions in the museums, visual arts, websites and
social media to make the images more impression and

attention.

Frame Duration (%)
100%
90%
80%
70%
60%
50%
40%
30%
20%

10%

0%

Fig. 7. The frame duration of Wat Arun 2 as percentage of

animated period.

Although the indexed images of a series of
qguantized colors work well for the animated GIF in our
approach, the frame selection and transition could be
further investigated for the delicate and intricate

conveying of expression.
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V. CONCLUSION

In this paper, we propose an intuitive and simple
method to exploit depth cues of images for successive
transformation of temporal and dimensional feelings.
The method is based on innate characteristics of a
sequence of quantized images. The variations of visual
detail and color saturation in relative motion assist the
human brain to perceive more depth and time of the
past to the present. With these techniques, the
approach can be extended to other types of depth
cues or other cues with corresponding motion to
produce

images that are more interesting and

impressive for a variety of applications.
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