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Abstract

The objectives of this research were 1) to develop album post infographic media on online platform
for private organization public relations 2) to assess the quality of the media developed 3) to evaluate
the perception of the sample group towards the album post infographic media developed, and 4) to
evaluate the satisfaction of the sample group towards the album post infographic media developed
following the ADDIE Model. The tools used in this study consisted of: content and presentation quality
assessment form, a perception assessment form, and a satisfaction assessment form. Collected data from the
sample group, by chosen purposively from organization public relations Facebook fanpage followers who
willingly answered the questionnaires, with a total of 30 participants and the statistical used mean and
standard deviation. The result of research were 1) the development of 4 sets of the album post infographic
media, and 2) the evaluation results from experts indicated that the content quality was at a very good
level (X =4.88,SD =0.22). The evaluation of the presentation media quality was also at a very good
level (X = 4.60, SD = 0.52). 3) The assessment of perception from the sample group was at the highest
level, X =4.70,SD = 0.45) and 4) the satisfaction from the sample group and (X =4.61,SD = 0.55)
respectively. Therefore, the designed and developed album post infographic media could be used for
private organization public relations practically.

Keywords: Infographics, Album Post, Online Platform, Private Oraganization Public Relations
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AdAsy : ECRS, N159nN13ASaUAT, nagnsn1sdnmiudu, nsauauaienIsusdiu

Abstract

The study aimed to examine the process of warehouse department in order to find error minimization
methods and to reduce picking time for a general warehouse. The problem found was that there was no categorization
for storage, resulting in waiting and the redundancy in picking process due to neither brand tags nor tastes adhering to
shelves. Besides, unpatterned storage also caused picking errors. For the solution guidelines by cause analysis using a
fishbone diagram, the researcher categorized types of products based on ABC Analysis to organize the warehouse
layout in accordance with the theory of storage adjustment strategies. A flow process chart was brought to analyze
the steps of picking process. The errors were fixed by using the theories of ECRS and visual control in order to improve
operational methods for easier, to reduce the redundancy of operational time, and to minimize a chance of
operational errors. Thus, the researcher studied related theories and used the tools for problem solving so that
employees could pick products more quickly and more efficiently. The findings revealed 123 pre-improvement errors
in October, November, and December 2022. It was found that there were 0 post-improvement error in January 2023.
The findings were calculated as 100% in the delayed picking process due to the operational redundancy, resulting in
the pre-improvement time for 85.2 minutes / 1 order form. The post-improvement time took 61 minutes / 1 order
form, reduced by 28.4% on average.

Keywords: ECRS, Warehouse Management, Storage Strategy, Visual Control
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4.3.2 nufnszurunistng (Flow Process Chart)
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110 (X = 4.46, S.D. = 0.67)

ANFNALY: NITUIUNITASNATIA, MATIANITATINETIA, NNA8lABUIINI3

Abstract

This article aims to study the working process and creative techniques of food photography for
advertising, as well as the professional step-by-step working process for advertising photography, and the
use of specific equipment and tools for advertising photography. Mixed methods research is used as a
research method. The key informants are seven image creators for food advertising, three of which are food
stylists and the other three are food photographers. All informants are selected by purposive sampling, and

the research tools are guideline questions for group conversation. The results are as follows: The working
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process of food photography for advertising consists of 3 principles: 1) A good photography for food
advertising must be attractive to the target audience, i.e. to be able to make people stop to look at the
picture. 2) The image should be impressive enough to make an imprint in the viewer’s memory. and 3) The
image should be influential, and leads to a decision to purchase the product. There are two key factors in
producing successful food photography: 1) the use of lighting design for food photography. and 2) lighting
equipment for food photography. The results of the evaluation to certify the creative techniques of food
photography for advertising. The evaluation results based on the average rating in all components given by
experts were at a high level (X = 4.46, S.D. = 0.67)

Keywords: Process of Creation, Technical of Creation, Food Photography for Advertising

unin
Folawanifuindidvwarengfnssunisidendeduivesuilnaluedunn nquindnviedivesdusie

TinudAglunsvilavanmeunsduiludgeamadesng q wieliguslaaianisius aulauwasiinsenunedui

A a

Tufian Fensasreassiranulavaniiowesunsiudoussnmeng o lneanzdodaiun donarands wazdeosoulau
duiulandinsldnnaneduiediglunisdeans nmaiedadianuddadusgnsnniivelinanulavauntul
ANULEUla waransodea1seanulinIInINALABINITYeItNlavaso DN UUNIND Y

Asasassenmanslasanliinasduninaiendnsue Anatea1mns anateaatnenssy sauluns

'3

ameeyana geuliseandentunisinuanuazeddusenouresnmiiuanaaiy Sauenainndesdieniniiiu

v o o '

gunsalnandmsunisanenmias wasiidutadedAydmiunsarenniidluagflenasuenaniuifieguiu

o

a

InszuaasNsadeesNainSentuAaUzveIn didnseenanle
silswandiinsairsassaiingenamsaliiuinlalifuslnatmneiiansaouauss lidrazduns
a¥unnuidnanuadle aiaimuedvaliiuaud aismuianutlefanuaniRvemandusi nszduliiiuilag
AangAnssunisdaduladedudt uaznisadreanudnilunsidud eyl uilaadnnsdaduladesn Tu
vty mndunilavaniuinnsadeassdilld liesmuiagusvasddeuinlidunulavanlaildsuns
novaweNgunad e amzay [1]
nsdeasvesnsesulatiiuiluisnmsifiavinadenisusuasuguuuunsdeansvosuyudlugaidsa
oghaunn wneanansouninsyarseenUlfidun heduiudeddamaiuiuiiuazinan shlsauansaiuh
Tanaunsadeuderiuldegneing san52 Fusowmmsniiiuedorievesdygyadumediin [2]
nsafassdnmdislavanewnsiaunsaneliiAniunuinismisanudn sududeserduainudn
a¥198336 yamewnuAaUs asdUsEnaUAM uazTIwaztBundu  NUsznoufueiamnzay fanunaundu

fesofgUszaunsalvesEninnulisaralunisAnau arevenuutes waznsasassannlavan ldinasdu

Y v 9

UANYAMNEUAT NNHAANUI ATNDIMNT TUVULHEINUY LUBININIINIARITANNalIsy Tsatien nolwin

v
' Y o v

AnuARasvasIAresen wialywuliiuesiiunmiievirunffdedusiuiie

o v '
2.

A3deRstadaunainisaenmlanauniusgiseidewaziinmaluladiva q Jusinuiensludiuves

gunsaindes b walladfnisdanas saudswuinnuAnlun1sdnesdusenaunmfidanuwlantniduinla



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY
VOL.3 NO.2 (July — December 2023)

150 34

HUfURnuiunsienmdesieuinisldaunsal aaenauasassaninaenigisivi 4 eganaiiiousuldlunis

asneassenanulmnungauiunsangnInlewan

1. InguszaeAnsIfe
1.1 Wia@neINITUIUNITNITAS9ETIANITA1BATNLIWEINDINNT

o

1.2 Wefnwmalianisasisassaninaielavanomsluganiva

2. YAULIANTIY

AnwFesnsadassdmamenimlavan nsruaunshaudunstsnwlsvan s uiuneuwuy
foodnuarsunugunsaiuaziaioslomemsidndudmsunisaeninlavan 1438maisensufiinisuuud
@3 (Participatory Action Research: PAR) lagngudlideyadifnae nquidnadranulavuionis 91w 7
Ay tneuu wdulnas19a55A uagnnum 9919115 (Food Stylist) §1U71 3 AW KALY19A18AINB11S (Food
Photographer) §1uau 4 au favasldsusuneasdoanardeyadajifinisanundsieyaiaenars fe

Anwiiiegeanu nsdaunanisal n1sUfuRuasaiugniivsraunsaluas@et iU sasnnleLe

U

'
=]

g1msaniusiandsng q AdeldidTuufiinulugiusdsnimuasgsinaineassd iy 3 Jsand

"]
av aa

3. NEUATNUIRLIREITRY

3.1 wunAniEafunwaeTawane1s (Advertising Food Photography)

LurAaA safunmaeslevine1ms Useneusie anameLazgUkuuYesn e 1olawane s
finwozBonduialud

awanelavaamsuson1saien nens iWunisaseanuduiussenine@adznisanenin Aavs
nsAnuAse g sensiimadelunisiienimuiuiulfifienisianismianmazdisdeliormaguifge
ihuussmusoaendeuriegnénanndstu Snalunsnssduliiinnsdnauladenieideniniuseniuerms
aemnsfigniauitestseenuuadoslefiiusslovdlunsdoaafiensdnaiuianmdnuaivosiueimsly
dhdsnguidmaneléigedu (3]

nsteamemnaidulssiamuilwesmstienwiidudisamemnslimenuuazynliiAnnnueen
Fuusgmuems iiasdudieims wyeims vieudenifeatuevns msteamensiduaiesdeddny
Tumsiiaueemsaueses wazaiausstunalalifauassduemnslv q msarenmemsidusuuuunisves
msEiFessaenm nmdonsiiransnenadessieuomsruiuldimnniu §38nsUgsedils
naemausaTIRuasLiodudaiiatanis mslinalinnisdnuas madnesduszney wagn1sdaguuuy dadenn

v o

pwnsanInadadessningadviuasyin v wesnAuasse s (4]

n3thenIneITIEUaNEE 099 Raud annds madauas luauisanuena wazgunsalUsznauann
ynudsuvesnnduiidomiiansatsairsiamilfuusudndnfuriuiodudld audesnsliguusdnadsls
pndeg Tl neuATEBUhY AaRuuasiuads Triulvinnwazasouiivisiy oradesasiisdmama viod

saukaddenldlnuduy Tannvaaseradunavasly



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY
VOL.3 NO.2 (July — December 2023)

4 3

nsanenmemsAInsEAuesual ldendunisaieninemsvsewnseshin desgausznenieaiin
Uiseliindugnen nsedulviminieendsde vedlds vseussgnsenmsuiumnu [5)

ANSANEIIUITYN LA 8T DIAUNITAT19ATTANINA8IAYUIDINS 3 @231 Lown U8 Ane

-

o o o

nsadsassAnmaielavane s cuideidnwinssuaunsihaudunsiieninlavanons uazauided
Anvuumenisldgunsaiuasiaiesiionistenmlavan f9eandendal
mATefiFnwuAsfuMIauaTsAnnaglavan wuidimsaassddonagnsinala wu uasuiiy
wiaas [6] Adnwia n1sTremsiienisaienin madaveinisinermsaienin Buainanudnduddy
n&rndlasulandlumsinemnsinudrsnduasdomndoyavesormatu q tevhausdntuommslsnniian
diedayamaniagldlunisiaedaduladendlad gunsaivsznavain msldd msaadesuazesniuuis
nsdnommstu q Tdmauty deldsudoyanishauudfidudurouesmsdnoenuuy msafiadam taels
wiunmiidaldegnadnuundy maldodalunisafind amsmiegeamienuiilndidsstuuuanuie
dieftarannsadomsturneanmisaladuarsuuuuresnsdeamiienisld masenwuunsdnomslutuseud
msagusUuuuensualuaginudvesnnlilineu ilensdnnisugunsaiussnavainas lligeenidn mswden

gunsal Woaldsuuuuidanuudidumeunsaivseneuaintilagduuy dlndidesivdeiifn veasannldaunsa

9 U

v a

dnduladonsuuuumsiauiuiueuls dumnefsnsndsugunsaldmsudnguuuuili awnsadedulals ua
sosulszanalunistegunsnivssnavain Adeading uwing el mailegunsaivssnevainuuuiies WWuds
fsnduiioantigmuthouiionietulaglimedafiduld udbimsfiedodenlumaesiuuy oreviliAnem
lidaaulumsrhauiadesuouasBudie mafinwwesedsg Jgsued (7] Bosnsdeanumnevossar
omnslnevesnmusznevludasans TnessdnviseaziBoauardnumzvosnm 5 du fo dudem & nsde
padUsENoULT MauanisenveteIsHEivesNINLARILA ST 12 Tuau mansAnwadeduua nui uasie
duddniitasliimssuiiiauysaifatu madauaselinisdemumnedaaudedu wu madauadigatanla
ylAvesommarudniu nsmuauuadlinnnsenuuuemslfgainaielidiudiudsenous q luauems
FaLauuniy

a o v

3.2 ywAdeiinentas

mATeiAnwTsnssuaumaiufunsaieninlavane1s :nnsAnyINae nnleivaneImg
94 L1150 Wugis [8] Anarrimdnivgvesnisanenmlawanevndumaiuliiuauan anuasa
#du uazadesdinmsuiufutioasy maenste amidulisuiudesasaudunie mszamileanunenalsl
azannmiern e agiureuazdeniinisazdosinineienaudnfazvhmsnede Sreisemsan wu
walsl e Ao thvu msdaudsesduszneuluamduiududulunmeesauiions Wuaua ssoamein
fifsasretiumn aziuanuanlnl tiudszu azemn 1wy nselavanides Wunnubuiaeres fufuandu
wadlavasaugienmazdanesdesliluasanuiuenuia nienefveuwis uidldidesdegudndulalydnuue
wiloufuufudeniveatuneg WuernubuitliliAnanmsldiuds vdemnewnsieu mnedesiueaasiiafy
vidolulfAld o19vzidunturesyniidntae dilafu annndsimsdesdiddy mneaiududunn dwmiunmsdieniw
91M37IU39ud LU Auadn wemuefines 91aie unseing 9 udu Feafiuemnsiifiauanuazyseneutulul
wieltanlmithiuusemu Sadeardouunussluagilodienm weriusuaiaudnzlfoeldviud uazomsdigan

Wrsuusenu wu dndaan ddudeaney dnduemsianunsawienliui 9 wu weuwesines we Arsuieud



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY
VOL.3 NO.2 (July — December 2023)

J5C1 36

=~ = a

agile Wegdrdduannseviuldlivieanlunielil mszisagliidiissanfvesomsiae ventdudivessias
wneSenensmilouiu Mwuagunsn 1 e dWelivannlinseudali Sauasaimd Welemsaianae
Isemsiuwnusazangliae esrussnavemsliuaududddy luaslddeiguasinfulyldasluluau

Tneanazldrinan o waldae 9 veeumungadn Feduwartdisazuilalainsulsenula

4. 35ANIUN1IY
4.1 \3asilons3de
mAfeifldmsidouvunaunan (Mixed methods research) Taefiirosiion1sidesail
4.1.1 wwdauAldlunisaunuingy (Focus group discussion) funguinaiissulauneinis
Wiematilsannsaununngsniluduase
4.1.2 Mydunauuuiaiusu (Participant Observation) {adanadlusiuiunguiinasisanulawan
9115 AINTIUNTVINUTINAY
4.1.3 wuvgeunnuii oUszidususesnszviunsiazimaianisaisassd nmaelavanemisly
yARIYa ANUARLTLVI TNy
4.2 nguAag1s

o

1 vy o A UK v o [
naudlideyadiday (Key Informants) Ais nautinaseanuninlawanemis 91w 7 au laewdadu
HnaseassALaranuAeIMs (Food Stylist) 31U 3 AU WALYINA18AINE191S (Food Photographer) 411U 4
Au - Fengusegrimunidudiinnuiunisasisassanulavaniidvszaunisalinnu sgades 5-10 U lagld
WN3AUAIBE1MUULIZA (Purposive Sampling) kaziHan sideuliasziuazeiusedeys auingUssaeni
Iovuald
4.3 JUABUNITANTUNIITIAY

n5398luasslifunsidouuunaunay (Mixed methods research) @nwaunisiiaudiung
a¥19a33AN Ul BN IIENTEUIUNITR BUS S AUTENI AN ULALERd A Tee Tuneunldluniide
° 2 & o &
uunlu 2 Tuneu sl

o v [

sunaudl 1 Anwannudesnisvaslasenis lmafunusadeyanndliteyadidn Wusu
oyarunisaunuingu (Focus group) ta3asilefilde uuutudinteya (Record Form) Tnerfidouasilvidoya
dfsmiunsaunungy asumuuaavesnmlavanesiteauidunuuss (Draft Design)

Tunouil 2 Yuvuseasgnsufod Gadelddisusuiidussaunsaiuandomgnisiuns
drenmlavanomsulasinisang q 7 lugiugeesrsnn 4288190 m wagdnad19assn Laznnus 191
saiedn 3 Tasems il 1) mamenmlaanewnslusanduesgasesail (Mont du Klong Cafe) Tnesandugnenn
wazalnd adlunszuiunisatenin Wl eTwans i 11 unsiau 2561 2) nsateamlawmiomislusiand
KU Beef Tnggaudanamsaiuuuiidnsmiuiuaivassdnmlaman Tunafeudluufifmeneinnsdenmdugs
Fudumsfl 22 nuanitus 2561 uaz 3) msmemnlavanonslusienddisuaiuiing elilunsuszanduius
nsvieafisvesyuvuaIutunateNndt a.aunsusns U 2561 lassundurrenmuazalndadlunszuaunis
e ioTungauddl 16 fueneu 2561 aseazBealududing 9 1dun Yssinnvesnmaigenms siaves

Yy 1 N

211571 UUN T I UN159DNLUUIIY NISED15UA WATNISLABNITLEY R1NNAY W K NEIUN 81U ndula

U



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY
VOL.3 NO.2 (July — December 2023)

& s

Fonguuuy @ musidnuslimnzauduanuuasiondnvaivesnuiiozihluld. 38nmsaunuingu (Focus group)
iioszauanuAndiulasldiniedle uaznisiiusiusiudeya fussdumanuifiodumesdanuiiiddyuesns
fenlevanemns TuiuauernuAniukaztauenufeInIsiunsauNgu3deuuuss (Draft Design)
Tnnszviumslutunoudl 1 nasdledrevheoludunousng 9 MIUNTLUIUNTT

dunoudl 3 aguamsamaudienmlavansmng tnsysdansizinsruiunisuaginain
nsafsassdnneelavanemslugaidva niounisUssiunaiiotudunnAndldnunudunliianudu
vilsduierfunanisuszifiususeanssuiumsuasimadansainsassanmaelavanemslugaidsiannudniiu
vosgidevadugliideyadidny Aenguiiivszaumsainasiormgmeiunsiiennlavanemsiulasinig
#1199 AUGTRMUlu ustenn farsassdening edesdleldReuuuasunuiloyszifiuiusesnszuiunisuas
wefansaiassanmaelavanemslugafdanudniuresiidoiy wasdidmfotesdonszuiunis

waznAANISAS9ETIANINA U TIWNDINNT

5. m3dasevidaya
5.1 N153Asenteyani1siduideamnin 19n1s3nsievideayanundnnisnsivaeuaiudn (Data
Triangulation) 21N iRmuiunguinasnuamlsvunewng suvieau 3 Waand
5.2 Myieszideyanisidaifaliuna 1aidfiBaussens (Descriptive Statistics) ldun Aades diy
Deavumnsg Tnsmaildideuiunarimsssiiuadddlunsfinsaaumnsauuasanudonados fil
AdBiIiy 4.51 - 5.00 HNeANLI sERUINNTigN
ARABVIIAY 3.51 — 4.50 MNeAAI SEFUIN
AadewinAy 2.51 - 3.50 MmNt seduUIunan
Aadowiiy 1.51 - 2.50 vneauin sedulien
Aadewiniu 1.01 - 1.50 vnemuin seduliesiian
6. NAN133RY

@

NANTSANYNS 99 NTEUIUNITHALLNATANITAS 198TIANINAN8IAYUIDINITIUEAR DA UTENBUAIEY

]

NILUIUNINTASTNETIANNEELUwN0IMT WATiANTaseassAnnaelayaneInstugAfdsia warn1susuiliy

a o

fuseanszuIuMskazmadanisadassdamaelavanomslugaddia de91nn1ssusndoyaaiunse
osungldail
6.1 NTTUIUNIINITASNETIAN WA BLAIBANDINNT
nsadsassdnmaislavanemsianudidysonudniavoselavaniduegiawin Fuay
amangifienslawane msiifiannsnaienennudnvesAnsuadilfauy saidenanunsaliualali

naudmuneiianisnevaussdlukuimeiglavanadalild dauiunisadeassdamaeiionulavanaims

a

nagnIunIsidnsruIunIshazmalla Jalldiwvilidaiassdnuauisaaivassanimlavaneimsinegied

UsgdvBnn us yneliesh [9] ssyiasesninaielavane mslidn amde msdeans d1anwee datenan wn

v

Ao U395 1WveIRanIshe AivuaiiAn1egsna @vedesife IauseaiAvesnneImsiaIeseLfiuga

u U q

v =2

fnadevenvie Wuiiandn dretufinisessn wavadreussdumalalul nszuiunmsnisasreassaninanelawan



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY & shu 38
VOL.3 NO.2 (July — December 2023)

amsuusla Ao 1) nanlunisadeassanimlasaunemis wag 2) nszuiunsinnunmaelavuems ned
Twazduadil
6.1.1 wnanlun1sadreassanmlavanamig

thadassdnmlavane sty 3 WaendldliunaasutuiaTemdnluns
a¥19assdamlawanomis ansoduasgieonuildidundnnis 3 Usznns Sediodundnnisdrdalunis
ai9assAnnlaenems tawa

6.1.1.1 nmensdesisgaanuaula mwaielavaniiddesdiniuigeliauues awnsa
aznaliaungauosninld Tasnmdesiagaeuauls fesdiauaudtfdosdeiolud

1) fiennuasany ausTINTIATesyESnnAuTEUANLEIBIN Faiuuaniingaaula

ndnlunw pafUszneuiady eannds anuduargunsnisznevdu q fidnadassdnnlavanomadentd
ud el duasulinmlavanomslanduuazazaaaund oiu fsds Inevudad [10] 5271 a1nuds
(Background) mniFsuiiullagliianunsafsgaruaulavesvuninld oraufiniagussnovanligasauuay
dnaiuifu iuiuivesanuddlidefamufiawiu dafegenmd 1 MenglawaNYRd1 UM TIINYUTUEIY

Unnateunan venetdn a.aynsusnis  dnadiassAanimlavanemnstdusuldinn Tuld gnainuiiuainu

'
[ =

Praulaliainuds redulrnimeimsiudrsuiinnulanaukaralganuu NS uAISUN

JUT 1 aenedrsuemsldannudaduiiuialdin Wswnddisuasuduna

a a

Photo: 533 tnenufald Food Stylist: W3 yaeieshuazngugn vidnae3

I~ i

2) fvuasrezuazuMAmINgal Wemen1memnsndnitedluaiy vunavenn

p1anesedluszuglndielidmasdaniuaula wsgaueimmilniveniineavideadandes aeadilnaiively

wivesAusznavuualuszesfidaau widwiudsvemsiduwinlng wiedomsieeynaieaiusee1ms

v
o L v

Uszaniidesdinudindes Undn dnuuy dldnmndsvezlndenavilinmgliuiawla sgliaunsouans

a a a v 1% v ! o 2 =X o q ¥ a
Tuardunvresdenne q Negseutdld yundesiildlunisanenime sl fe yu 45 asen FoiliAnyuses



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY
VOL.3 NO.2 (July — December 2023)

IS¢ 39

v vy
=< YY)

WUU 3 08 efiun1suadiusgasd unueseInisiuay LLasﬁﬂﬁﬁamW@‘quﬁasaa ﬁ’nﬁmuagﬂu AWUZUDY
91T mmmﬁwmwmnuﬁuﬁﬁmd’] WU 30 89AT 58 15 - 20 BIAITIBAINTN BIMISUNNTLAD19ILLUUEAU
AN3EN8AIMASY 9 N 1w winuiunazieSeshiuiiacng o Mdamnsausugundauazaienine1ns

a v

' 1% - 1% a ad a = ' vy
NYUNBe 9 lawe welilanmiigaviga #1553 nesudad [10] ssyfauuesasnindraunsawualedy

q Ex]
v vy

2 11 Ao yusuuy wagausude Lifidnvazaediiguladupiifiaevieaeiian seisdiuegfuos
uaziA3esfuusaziafemszazdsuuuumsiiauslimiloudu nisaenimemsfeoyumesfeafuiuyuiin
de¥utssnuemns evilinmeelavanesioonnussaminasfruazioruaiiuiunmiusnnniigm
B dhuyuanduuy (Top View) shlvidiumeaziBeavesenmslaviomn wangdmiumsmesiomsluau wie

219115719919 UUlRENTpsAUSENaUNANYBEN

JUN 2 mnengasTilduunssesuazyun mminzadlunsaenIn

v

o @ o

Photo: W3dNA finAvi Food Stylist: e nIANAAS

6.1.1.2 @519971500IARBEAY UNAS19ETIANINIZYUIDIMNSHANUIUATIAUINAINE18B1NS
fosasnaruussivlaligon afersualadesnuluiunw duunmazdssiivladunniifiuasans audaviendu

amansladduvesdnaisany dddydnvildngrilinmamenudinesdie suntdwesingulunm Jagdn

q

eegluiumisiangay aianuaunalinm vlvsanauigaannsousaniniuny 9 Jesdusenaud1Ay

DA =

lunsadeorsuniuaganuianiyiuinm I51vazidendasdissialull

! 4

1) & fnadoesuniuaranuidntunmedaunn nudndenldarenimemnsievinlv
219115U1NY Fe9Atend@nTnnuinAuwarauase N1sanen we1vns i denuSunsalnud wsigazyinbildlaunse
#oDENANWAIUDIDIMITES L UU D LLBLASIUAITALAISITHYIR dnld U1SuUsEnu llAsuSusalrdaniuaiiy

v v W

wod lunsiaweisasweainslddduy aunsaldianusenavain uasmaugsessuliiindndaiuegramungay



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY ) sou 40
VOL.3 NO.2 (July — December 2023)

UM 3 adngemnsiildnannisvesduasuadlunisasnsassanm

Photo: "3fnA fnAviu Food Stylist: Nawg1 MIANART

2) uae uesAuszneuiilinasonisasensuaiuazanuidntunin Wedesdienind

o

fvunorsualifudidyuasazidudusniunldifeairsensual famsUSmnaunazanuaunaveuasioglunm
prhlinimiufsgelauazdienenanuidnldedned uenanagliensuaiuazaruauiunimdionds wandu
pervsznavlunisesnuuunI Wy favnauamdslunisaisninermsteduly dduvesomsdndiuduly
susdnriuianaastglinmiifiafasouty 13 yueifosd ©1 nandadewadlunisteninemsin nsld
Inudvaauasazunndsiulunueeuduiniannudeinisvesdladas wu nislduasdurununzdunisaienn
o1nImeunAsTuTNnAsuAsTIIMATIFR I BazBenvese s Tnuuasal TiauiAnandu uas
avne uaslnugu nislduadinugu wadlnueuduvdomdesagyinlinmemagin fussmudelu Tasamevos
YigA DWNINTUNTOU DWNTNEID TrelfiuAuaugy MgnTannBeiy
3) Madenlosnnudnuazsuues uenanmslidvieuaniloainsorsual uazarwidn
Tunmuda nislénmsernumnelunwiaansoadensual wasaruddnldtutu fafunmiifinsdennumne
augsindlenudnaynauulunisienuimsteaumnglunmdumnedorls uasdarumneldgndesasih
Tgdnwela nsdoanumnelunmenslasanemaiilinminaulonnddu  angu Ussmen [11] seyin i
vososlalldduegfinsdroninlimsetiadien mafindenusznovannsafiuddulinmldmiloudu wu aenld
fiu 910 ¥1u msmrmieniiAntestuemvenndeasilians giundy Asfiemsiilade nieniunduni
dudn nionenaduimgduiidududsznevegluems dwunsléaumuiiddusasgunssinaiu asvinlviamsan
wandnfueenly Avesanurumitudseunasidulinsdmivdduresemns ludesweuueanisansnim ns
fenmeIfeyNLefsIfufuyL s TsiuUsEnusmse i liamieenungiiusssumiuazfauesd
AdEndufunmannningudy 9 dsuuesnsuuwihliiiusoasden
6.1.1.3 WunmudaoenAuesinde nmarelavanomsivilidadusivneldgomdu
amanelananewsfiafian nsensadeanuazg amuazensuaiTliun nmdufiievin W Aud e
amaneivagliemnsueldie amaieisinussduszneuiidfuosnmliusngda nsadennuazgamm
annsavilsvansds wu msliduhaenluganudavanlunm auguruiavesing Wonyundesdimnga

nsdnesRUsznaunmlyiinemenannsngaiudiunion1seinges winsinngeaulaludumifimngay



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY ) sou a1
VOL.3 NO.2 (July — December 2023)

v
oA

meiswanagrilinmueniaidessnildsnsuaziinansenudenisindulavesauglunisidendedudi n1s
aenmienislavadunszuiumsddgiisasiesarsnmedgslsiie g unuiuianuuanaisaziiaula

wmsganwuzreulavalfasUsEianfgeuiinuuanasiueanlunusssuRve s Inan e

UM 4 Hanunmaglayane1mslusiand KU Beef

o

Photo: NguQY MIFNARS Food Stylist: 4S5 Uaeiigsh

6.1.2 ASTUIUNITASYINIUEANIANTABUIDINTS

v Y

6.1.2.1 TUNDULAIBUATT (Pre-Production) AU 9ETIAESUAIUABINITLAL T IUaELBINIU

Y

Y A o P

NMTILugnANiITeasidsnnuuUssunAuiiniieasuwuavanisaseassana iy awnsonuay

v
=1

Sunouldsielu
1) N15219UUIAR (Concept) a°1fﬁ’~uLLiﬂq@flumiﬁuc?fwuaamsa'wmwimwmwmmwm
Lme’mﬁmm@a%’maﬁﬁmwLﬁamiﬁwm TnefvuawunAaliiaudenlsafudnwazvasauomisies oy
WIONANI U Lﬁa"Lé’LLmﬁmﬁ%’mLauLLé’ﬁalﬂgj%gumsaaﬂLL‘UUi'N (Layout) wuusradunisinounaniildeanwuy
wwgedunmaiienrandlainsatu wwuseziglvigitdusnilunmsinuammsahandlasuiule
DE9A
2) Unausluifn (Make the presentation) iNasn9a33A9EAoIUNAUINAIUD19DY (Reference)
dnufignevi (Location) wazfawuu (Subject) finssiuanudsanisuaslvivadassdunluinnsanindesnis
dandurdeusuniswandealudiulatng mnfinsufuuinafinnuizseauanudelunisadisassananuling

fukuAnvseAufiensvasgnAaNfian uazthseasiBeaiuilundluauegnalvdluassinly



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY
VOL.3 NO.2 (July — December 2023)

3UN 5 nusTeniAntsviutennlawae1msiusiand Mont du Klong Cafe

o

Photo: W3fnA finfvit Food Stylist: Ngug vIANAAS

3) N5AMUARAAIEYIN (Block Shot) KasneassAnmleumnen1s 419N WaghYIe Y 190N
Fosludmaaauiineuteraiaiievnsmseasutediianisaniuilumsiievieing q fsndu Wy anugaay
arunisvesiuiilunisane ssuulil anuazennlunisvudegunsal Wudy Wenauumsdeugunsallilunisdie
fomngauiuiuiinely wagvhmstmuaqaeni (Block Shot) sumisnmsmeifieldusredtsnisdieliidranin

6.1.2.2 038391UdMIUTUA18YN939 TiuadaassAiinsussgunawnyiinsnmuageaevinen
ps toTuasmavinnulufuaisesaidiou mudddesiiniidossdns lumsterh TenmasUssidiugUunsaiiigedld
Favuaiiouddidiesnsnmny uasiladladaiasihniswieugunaiosuasudnlimdendmsunsaierags

6.1.2.3 tumoun1snAn (Production) fua¥iassdavdeansiunesmevimdnuazdoasiunn
fhelunes TiudiagnA ennazvenAudBIN iUt mIdsInMsuasdmsunsaeegielstng

frrevnan i iidauaslilduamuiitisnimgeanis safudlvdymeng 4 favinduly
sEMemsme aglinsnsaaeunmiitianmaigeenuuurinaenazdansldnm gnfanunsaNosnmELMIG
seweiimed mnflerlsiiesmavidossnuuutansaudstenmuiefiugriodaninldiud ddumsmeuisnds

p1aimshnunNiuitgUnsalusenauaIniidesnedniwiumiadun viiegunsalusenauaintunisaievineieg

< * Bangkacheo. 2082 ‘cosessiondd
R 8. A .
= 8 9. Il. 0 4. P

JUN 6 Msuansman nenguunivelusinsuuazdnnisiidnmivsianddisuuieneiin

d

Photo: 3fnA fnAviu Food Stylist: nawg1 MIANAAT



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY
VOL.3 NO.2 (July — December 2023)

150 43

6.1.2.4 Fupaundansenevh (Post-Production)
devihnisaenmaia fuadeassdnmlavaneimsszdanisdsiidnmlignéndaidonand
aelduardwioldlvisviviwesvinisusuudanin dadiuvesnin (Crop) ¥a1e3Unuy (Layoutlimanzaniuuun
YoInsuanINaYesaen T Aeufigniazthlndnmislunsiinsevied luldnunuingussasd uasmeunsidu
wasudelawanluiae
6.2 wadian1sadeassanindieleynneImis
msmeamlavansfuiianudnduazdesiinnudanudlafetuuumanisldgunsaiuas

q

\ATBaolaNIENIwe 9 WU desiinssuuratiivsanadlunisiren nudazUssinnilinaaud® oaumgid Andala

= '

wazdin1sldanuegnsls annsdesdladngunsalusiazedelinuantivesuamiatiuisoasad1alsing el

v A o '

ansadanaseanunliegugneeuariiuszdniain wisesnidu 2 Yssinud1dnfe wwimienisdauaanenin
TawanonsuazgUnsaifiddnsumsiauas fedseazideadolud

6.2.1 WUAMNNITIAREIEIBANIAWANBINIS N15TALAMSoeNRUULANT DA 9asTR AN la B
gmsiinumanuansuaziiuumneiilddte aunseassasseunadinsmunnudenislsendasy nsdauasdl
ANULANANAUBan ALY TELANY qﬂﬂsaimiqumazﬂﬁzmaLLmLL@iazUizLmﬁiﬁqmamﬁmmﬁums{w
molnalAgaiy %ua&g'ﬁ’umnﬁaﬂ% witinsdauadliiuszansawie nsdauasiivnsaufuUsTANOY Aseey

o va o

noUszasAvieaIsunives MiIfenIsie didulasiudauasnienimyana ninde 81 uazanilnenssy 39

FIUTIWHUINNNTIAAVT BRIV saUsT YAl uNTaeamiaienislavan fudlsvasiBunsaluil

1) ng) Inverse Square Law 113191780159 ALEAIA DITAIUABAAA DI UTLHENIAIMIAUIILN

N o v a

fhesvzvinsvasLasiuuLLAndsturrdssalilasagannsgnuasuu gl ity widnA Sndviu [12] ssyi
“szazmq@maaﬂmﬂﬁwLmuﬂwwméﬁLL‘U‘ULLazmﬂéﬁLLUU"LUsj"amﬂwé’wmwaiﬁﬁwé”ﬂﬂﬁmﬂﬂiwumﬂm Fadinnga
anad 2 f-stop” 8nFI9LI9 Faumislniszeriiaaindanuy 2 wes Saauadld f-stop 11 LAZIZHLRINIINEA?
wuulUSminvdedn 2 was wasushmanudariaald fstop 5.6 whividdslitdesludmnudiumely 2
f-stop esmnuaafiunaanuvasiuinlufiainuds Tszeenas 4 wes witauiumeangaddadestudsi

N o o

wUUlgsEaEMaied 2 WRT WaeANNTENUFILUUISTlWANINAIN

2) dnvnuzveauas matenmlavanewslendauadviddnuasuasdmiouaniuiuogi
Arudesnisifesorsuainin mindesmslinmransusiduivasindeuauen 019ld Grid wilauasiounaniio
muguNansznevewadtieglutinadidoms madauasifianulansuiuinaindsdu @ msdauadasnstu
Suamedauaduaniiudondmiuutlansianadiudng fasadelifvinlvuuuinnulaneudetu ns
fuduasanunsald Bamdoor muauirmeesdiuas viednuasienslilnltsfanmsariild uenaininisda
wasliasdesnnuuuuasniisnuewnstaslinuemslanduiiauladeiu u3 yueiesd 91 swyimadans
Jouasiiiuifoufumniiagafo madauaiuy 3 9a Wieuasamiians (Three Light Setup) wawmdniildlunsli
ANAINLAIUBINTONIAZADINIINVPUEBvsoRAUYI TatEn 1 yu dieauiniiAnnuasdndeiulng
Wl funasdmivauinmsazeglufimmmsadiniuuamdn msldlidesainmniuvdwesemsiielia

I ARANANTALAZANANLAALAUTUINN



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY
VOL.3 NO.2 (July — December 2023)

J5C 44

v a1

6.2.2 gunsaliilddwiunisdauas vidnd snfviu [12] seudr Iluvawagile (Studio Flash Light)

q

Usenaudieiiliuray wieudsuwnasinlalninsiegluyadeniu i3 Sundniedn rouuna suray Tuniaied
wiouvisuuasinie drunrunuuaziiliuasaing aanefuiasvumdniifadundss daeaadrdulndula

Tngnse dindalvilaigaunn ag 250-1,000 Fad/Auit Tvunangvinsanfoudnelade azaindunisldau

1) fdousedyayd (Flash Trigger) Wugunsaliivinninfivdesdayaa iedwuaviundes

Tonuuuulaialndlaegsdasy Ineunfadanssimdnfesdsdyguidouns Wioldaudod nuiIngss Lagdisu

fuu Ansaduussniuliunes wangdwnsuld Tunuarenmndesnislaunagieniuuiuaiianisesia

<

°

2) nsrewad (Snoot) Tlun1stvdwaslndedluFiuniaanizan AE19nIndoan1siudu

a b4 1Y I3 . 3 Py [% o v o Y Y [
MAvazlinnanuizuanla Beauty Dish llugunsalnddnuazadisauimihinssaeuaseenivinihaduinay
Falvinudnuazuauds asunadreuiings stisniuneandeauulunthuasiivesuuvegisdnauiau lng

Beauty Dish §aillsiidon @09 Luufe wiunszaneuasnuludluuavdend Inedtuaglilaiudndn daudvnagli

WeeiguuwIn
3) Softbox Maruusgnautriuiiliunasiivinfiasieuwasliinisnssaned mninguie
AnuUlin N BUZLAIY HIBaNANNTNTBIMER YRR UNIIEdTauad Feazuanansiulunudnuasuas

219 Softbox wiafilenld fie Softbox Square, Softbox Rectangular, Softbox Strip Wag Softbox Octa

SU 7 Softbox Strip 1x3' Wag Softbox Octa

Y

fiunvesnn: https://www.profoto.com

4) unuazviuuas (Collapsible Reflector) ukwagviouuawmiaunusmand gunsaifigaelunis
avnaunainiardaslidnuaslasdsnauNfeniy mensIEUITFUL N RFRTLa Wis likasiunnnsenulune
wuuvseludiuiiadesnisliiianuaindu dwlngdedldlunisaenmnanuduasssunivasluagiledionim

d@ulnlu(Gobo) nMwsuldanula 2 dnwae Ae mumam'ﬂ,wmLmeammLm LW@"LJJMLLaﬂmmimumwmauﬂu

feanTs wagdvnldnsesuadliiiug

i

gﬂﬁ 8 Collapsible Reflector Wag Gobo finvesnm: https://www.profoto.com




JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY
VOL.3 NO.2 (July — December 2023)

J5Q 45

6.3 N15UsLLUSUTDY

ASTUIUNITHALMATANITAS19ATIANINE e 29I SH I UNTSUSETuS UTadlaeldanuAnLiuYa

o w

ey dudlideyadfy Uszneudie 019158dowivnaisnin 91uiu 3 au UnasaassAuazanumsenms

o

(Food Stylist) 97Uau 3 AU LazA9E18A1M81%15 (Food Photographer) 91Ut 4 AU 5IUYINEUW 10 YU 1ATD9HD
fildAe wuvasunufieyszifiususesnszuiunisuay zinadansasassanmaelawanemsiugaaidva A
ﬂﬂmu‘uaﬁ@L‘UB?‘U?QLLﬁzQNﬂ]ULﬂa’J‘U@Q AenszuIuMIkasinaianisaivassannaelavane s fadeyaty

AN5199 1

M13099 1 wansransUssliuiusenseuiumiasmalianisassassaninanelavanewnslugadivia

AUARTILTOI T8y

o e . Andnn
s1wazBeaiadon1sUszIiusuTes — —
TIWIUNADY | WATIN X S.D.
NTEUIUNITNTASWETIANTENEA WIS wanaAty 3 Usenis
1. MwemsiessgnnLaula 10 48 4.80 | 0.42
2. afnensualndessny asennuUsyiulaliidy 10 41 | 410 | 088
3. Wiunnudreennldesniu ansiadulade 10 43 430 | 0.82
maansasenmanglawune sl 2 esrusenau
1. wmenisidgunsaluasinalindmiunisaienmlavaneIns 10 46 | 4.60 | 0.52
2. WuamInsdauamSeeenuuukaieaan mlauanes 10 45 | 450 | 0.71
HaLRAETIN 10 44.6 | 4.46 | 0.67

NAN5NT 1 wansmansUssdiususesnsruiunsuasimaianisaseassdnnaglavanemsiugn

aa o

AV 9nAUAALILYEI BB NUINSEUIUNMINTESINEsIANTSen mlavanes Sndnddey 3 Usenis
1 Y = o a' — 2 1Y ¢ v P
19 1. ﬂqwaqﬂqimaﬂﬂ\‘lﬂﬂﬂ?qﬂaiﬂﬁ] @qwl,uigﬂ‘Ullr]ﬂV]?jﬂ (X =4.80,S.D. = 0.42) UB 2. @5ND1TUUAADYAU @IS

ansUssiiulaligan oglussduinn (X = 4.10, SD. = 0.88) 98 3. wiunmudresnldosniu ianisindulade
aglusziuann (X = 4.30, S.D. = 0.82) wadian1sadannaelavaunemisd 2 esrusenau 9o 1. uwwmnmsld
sunsaluazimadaanzdmiumsansnmlavanoms eglussdumniign (X = 4.60, SD. = 0.52) 70 2. uun
NIN5TALAMI DR DNLUULALA DS 19N MW D19NT aglusyauinn (X = 4.50, S.D. = O.?l)Iﬂ&JagﬂwaLaﬁa

synesAUszneveglusyivun (X = 4.46, S.D. = 0.67)

7. aAUs18NaN15I8

HANSANWINTEUINNSWAzIWATiANISaT9asTAnmanelawane I slugaRdvia nal

ATEUIUNITNNTASIATIANITAIATNIEBUIBINIT  ATEUIUAITAITUIUATUNITANEANLZWANDIANT

P

mudrudunsuLuuiioanuazsiurugunsaluaziniadioemensfisndudmsunisaienmlavan Nauald

Yaa

munmwamﬁammzﬁﬁayja PiTelduiiRnuetsuuiifuszaumsaluasBonamshumsaienmlawan

Y

va a wa

’i]’lﬂIﬂSLﬁ]ﬂﬁG]’N‘] NH3R EJVLV%ILQ’]TJNUQ mwﬂuﬁmwzmmwua $UNASNATIALATANULAIDINNT muwamﬁﬂﬂwﬂu



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY
VOL.3 NO.2 (July — December 2023)

J5C1 46

TonuUszasddousn Ao nszuaunisadassansiien mlavanenns Suanddn 3 Usenisiiazvinlianeniw
Tawanewnsiinnuanyssl fe 1) nmemssesisgamiuails nwanslavanewnsiasediaufgelrieuies
ansoaznaligrungauesnnle 2) asensualadeg iy amaedesaiiennuuseivlaligey assersual
adopmuld way 3) Whunudreenldosniu inmdndulatie aenndestunsfinyiFesnmlavaniifegels
94 Reedy [13] Tnsfivdnnsddyannsonudlaidu 3 33nsie vgnaneni (To stop the eye) nwidelawaniia
Aoslimnuaznnn ansavilidaureavun1nld a¥i19e13ual (To set the mood) nwaesdesaianuUseivla
Tigfwa ad1sensuallufuniw 13un13ae (To start the sale) mmanelawaniivinlindnsiasiangldgoudunmedie
Tawanfiffian wensadsanuazaamuarorsuaisaludamiufidevhliauddued

q q

ATEUIUNITAITVNIIUAIEAINIABUIDINIT 3INAITANBINTTUIUNITVIUAIEA TN A BUIDINNT

s

NUIINTTUIUNTINETINEDAAABINULUINIUBLIDILUDS [14] NS2UIUNTTUAINISHER (Pre-Production) 154371011

v
[

ANUABINTTVRINAT WANWWUTUAGUA In1sdnansideunatuayulunssuiunisfnadneassAuasdunounis
dondesnvesdefingutimnelinuunAnvesefiuesfteglutininafonsy Tutunsesnuuudunu 4
wisunureunsHanazduriituneunnnitaseu Wewmndudieiifanudfansizmntuduiinseioy
NuiiaziBendsratienszuaunanananszuIunImMdanianan (Production) Sususuiuuarsaiiedu dufy
NTEUIUNMINGINITHAR (Post-Production) fiuszifuithaulaluiFes anudladeddviaagdosldom wolay
annsadnduvesnw dansguuuulimnzaniu msuansnmidieuingegludeseulat viededinea danseiu

& o & 9

Anofweinaniwnnudniuidesszydedivainguidmneldnuiofisrdneamlivmeauiuauianis
WARINAYDININ

wafiansassassiameelavanamns amdelavanomnsiiunumlunisadiensivd siumudu
MnMsswUfvRnumsatenmiienslavanoms Wunsihauideddinuedunsdienmuazinadanis
431985388 ug waflansadisassdnnaielavane s 2 esusznevavinlidienmlavanemsiiaing
auysal AsuuamnensdauasionnlavanemsuazgUnsalfilddmiunisdauas aenadesiunsinuiie
Capturing Food, Creating Art 984 Le Cordon Bleu [15] ?id‘ﬁ'd’]Sﬁq@ﬁﬁlzﬁﬂﬁm‘smwdwmmsaaﬂmauyﬁaﬁ Gh)
Fosfimnsvauas Yrenwdnlngveunassssunafianuyuunaiazianunszaefsvesnas daeliuasiv
swazdeavesingld Wukastuiuiiidusssurfvesemsoonun eglsfinmuuassssued luunndsonalsl
povaussmNFinInsvstenldldiausly Inunavagiloausadiansnasssuei mnusdodindudiuld e
vl dulunuaudesnts uenainidsanadoatunisAnuves 913 Wwinsa [16] na1a femauasd
winzauiu Mathenimaulnests 2 ¥ie fe Armauamdsdsumamguifiansuamdamndumisesadio
Tuseduifieniuingazaiaensuaiuazannuidn Sndu uidum wasilanuouinauasgs usiisleth fiemauasmda
ultlunseonmusilneuasUsussiuanugeuesialwligeanininguszana 60 asen wiloszdvvuslnediin
nAABY Ae Mumis 12H 11V szdsualiuamdsholnneazdonvesuuuls uazdsndidennuiuisusiwoas

(Contrast) Yaelinwarevunlneiinnuauds 155 Yiglvdduves amidlanuantaduasuliinguantunimiaiy

TaanuyinbmAnauulsuUsENIY



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY
VOL.3 NO.2 (July — December 2023)

35Q a7

8. JaLauauu
8.1 daiauauuzuuInefiaziluldussTovd
MNNsANYINTEUILUMILaEImATansadasssamdelavanemslugaidvia fidelausuusiiteiiu
wwmsiizihluliselovd Tnemsthnsiidusinvenssuiunisuwasnaianisaiassdnnaielavanemsiy
Tluveutnensvhandlndifes viednvaznumedmamansdu q Adusurlndidsstu WeliAnnsdunseiiesd
mwuardssasionissensunazneliiananuseidedusuian
8.2 ToLaUBNUZHUINIINITANE IUBUIAA
Mnuansnwuuvensinyluswaeiideie fudefefiasouriedelmannisgslansensual
940N UBNINTAT89AUTENIUVBININEETABANDIMIT LYW ANYUZNITULAUBAINIA BT WaznI5i
fuinauosnslunm visanmuandeufiduiiundwesaaliita (Subject) usy tnsounisisedandrlufine
amaelavaunndnsueinioduduseiandu q Wetwaildundieseianumiien wazauuanes 1fiunig
"3miwﬁmﬂ;§rﬁmm§wmaﬂu AAEITN1TAUNUINGY (Focus group) nFainafiamanie (Delphi technique) Tu

ATEUIUNNTIFLVBINSANY LB UIAR

LONA1581989

[1] N. Vantamay, Principles of Advertising, Bangkok: Kasetsart University Press, 2011.

[2] P. Kuldilok, “Social Movement via New Media in the Age of Globalization,” [Online]. Available:
https://so006.tci-thaijo.org/index.php/husojournal/article/view/99215. [Accessed: February 19, 2023].

[3]  P. Viitbunyanon, “The Importance of Food Styling and Food Photography Towards Customers’
Perspective at Kitchen Corner Café,” Dusit Thani College Journal, vol.13, no.2 , pp.454-463, May -
August 2019.

[4] Le Cordon Bleu, “Food Photography: Why is it important?,” [Online]. Available: https://www.cordonbleu.
edu/news/food-photography-why-is-it-important. [Accessed: May 9, 2023].

[5]  Eat & Breathe, “Why it’s important to focus on food photography,” [Online]. Available: https://www.
eat-and-breathe.co.uk/blog/importance-food-photography. [Accessed: May 10, 2023].

[6] S. Kaewsakorn, “Food styling for photography,” [Online]. Available : http://www.thapra.lib.su.ac.th/
thesis/showthesis_th.asp?id=0000002108. [Accessed: May 10, 2023].

[71 A Vitoonchatree, “Signification of Thai food taste of illustration in food magazines,” [Onlinel.
Available : http://cuir.car.chula.ac.th/handle/123456789/41572. [Accessed: February 9, 2023].

[8] Y. Panpeng, “Visual communication and photography process”. [Online]. Available : http://www.east.
spu.ac.th/comm/admin/knowledge/A5230one.pdf. [Accessed: May 9, 2023].

9] N. Boonyakiat, “Thai Chef and Food Stylist ,” [Interview] , October 27, 2022.

[10] P. Thaingamsin, “Professional Photography,” [Interview], February 22, 2021.

[11] S. Prathesa, “Professional Photography,” [Online]. Available: https://www.facebook.com/supasuk.
prathesar. [Accessed: December 24, 2022].

[12] T. Pakdeehun, “Professional Photography,” [Interview], November 14, 2021.



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY

JSC) 48

VOL.3 NO.2 (July — December 2023)

William A. Reedy, Impact- Photography for Advertising, 1°* edn. Rochester, New York: Eastman Kodak
Company, 1973.

Werner, T. , The fashion image: planning and producing fashion photographs and films, New York:
Bloomsbury, 2018.

Le Cordon Bleu, “Capturing Food, Creating Art: 11 ways to up your food photography skills,” [Online].
Available: https://www.cordonbleu.edu/news/11-ways-to-up-your-food-photography-skills/en.
[Accessed: September 9, 2023].

J. Jarernros, “The Direction of Light Suitable for Thai Desserts Advertising Photography,” [Onlinel.
Available: https://s010.tci-thaijo.org/index.php/jimc/article/download/33/6. [Accessed: May 10, 2023].



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY
VOL.3 NO.2 (July — December 2023)

3501 49

nmsuUsssiuddasauingivdmiulsenuutaiudends
RAW MATERIALS SUPPLIERS ASSESSMENT FOR TAPIOCA STARCH FACTORY

Twey vosgen’, Yras in3eansng™ uaz Usu ineensng’

Vitsanu Fongon !, Nuchsara Kriengkorakot * and Preecha Kriengkorakot °

AMATYIIAINTTUAAMNGT ANLIMINTINAIENS UM INeduauaTIveil>?

Department of Industrial Engineering, Faculty of Engineering, Ubon Ratchathani University **?

Corresponding author email: vitsanu.fo.64@ubu.ac.th’

Received: September 5, 2023

Revised: October 2, 2023
Accepted: October 4, 2023

UNANED

MATpHTIngUszasd ieusslluddweuingivdmsulssnuutaiudenduvimildudminanauas

1

31nnsAnwnisasueuingAvlulagiu wudn malssnudslifiinasiniswansanfidaauuasininzay dmsy

nsUssdliugdaeuingiuusiassne dalu §33edslaussynaldnssuiunsinseiadadidutu (AHP) iiefvua

U q

WniinaudAyresdadelunisussiiuddwevingAvlviumalssnulagiamegnquaiudiy Wesniivsunm

msdeeufinnninguinensns dmsunisinuadadeldinmstununudeyauasdsnwnanduims Wandi

q

v a D P

dredndoingauiasAfldiuieites nan1533enudn namsieseiauminanudidyvestdadens 3 anu

q

[ v

Sesdduanudgladeil 1) Jadeduamnin 0.674) 2) Yaduauuiunm (0.225) uar 3) Yaduiunisdaey

] @ @

(0.101) Mud1fU duran sl mtnansadaafuanuddyuedweuingiuatuiuluusazdade

wazdnanduanuddgveddweuingavauulunmsinls uenani d3udalavinisdanguidaeuingfiu
sondungu AA, BB uaz CC muAnzwuukaranuaudAy dafasdudoyadisdmsunisdndulaliiu
malssnulunsAnidengdweuingaviavarnsaimuawuinidunsimnddweuingiudnagnsialuswam

o o w

AEATY: NTTUIUNMTIATIAREAUTY, MsUseugdaauingiv, Tsanuudaiuduends

Abstract

The objective of this research has purposed to assess raw materials suppliers for a tapioca starch
factory in Sakon Nakhon province. According to the current raw materials delivery study, it was found that
the factory has no clear and appropriate criteria for evaluating each suppliers of raw materials. Therefore,
the researcher has applied the Analytic Hierarchy Process (AHP) to weigh the critical factors for the raw
materials supplier evaluation, especially the cassava plantation groups due to having a greater delivery
volume than provided by farmers groups. The study consulted with executives, raw material procurement
officers, and relevant personnel and collected data to determine the factors. The research results showed
that the results of the weight analysis of the three factors were ranked in order of importance as follows:

1) the quality factor (0.674), 2) the quantity factor (0.225), and 3) the delivery factor (0.101), respectively.
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The results of the weight analysis can ranking of cassava plantation suppliers in each factor and ranking of
cassava plantation suppliers in overall factor. In addition, the researcher grouped the raw material suppliers
into three categories AA, BB and CC according to their scores and ranking. This information serves as a
decision-making tool for the factory in selecting raw materials suppliers and provides guidance for future
strategic development of raw material suppliers.

Keywords: Analytic Hierarchy Process, Assessment of Raw Materials Suppliers, Tapioca starch factory
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Abstract

The main objective of this research is to enhance the cold chain logistics for vaccine transportation
to maintain product quality. This is achieved through the utilization of digital technology and transportation
innovation to control temperature and ensure timely delivery. Various research tools and technologies are
employed, such as Geographic Information System (GIS) Analysis and the Vehicle Routing Problem (VRP).
The study involves analyzing and examining data to determine the most suitable spatial and transportation
routes for vaccines, reducing both distance and delivery time. The primary aim is to improve the efficiency
of vaccine management and transportation while preserving the quality of vaccines during the cold chain
management process. The study focused on 76 locations, including hospitals and public health service
centers in Bangkok. The research findings indicate that spatial analysis and the use of the Vehicle Routing
Problem can efficiently identify suitable distribution centers and optimal routes, ultimately leading to more
systematic and efficient vaccine management and transportation. Spatial analysis helps pinpoint locations
that align with vaccine distribution needs, while the Vehicle Routing Problem calculates routes that reduce
delivery time and distance.

Keywords: GIS Analysis, VRP, Cold chain management
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Initial data

«  Station/ warehouse VRP (Vehicle Routing Problem)
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Vehicle: V1 (T1)
Distance comparison Driving time comparison
Stop Distance
Location Name Distance Driving Driving
count travelled %Eff %Eff
travelled time VRP time
VRP

0 Tsanguranans 0 0 0% 0:00 0:00 0%
1 @Juﬁu%ﬂ’l’iﬁﬂﬁﬁm@‘u 20 0.77 23 -67% 0:04 0:08 -50%
2 AUUSNNTASITUAY 5 351 7.1 -51% 0:12 0:22 -45%
3 @Juﬁu%ﬂ’l’iﬁﬂﬁﬁm@‘u 23 4.99 8.5 -41% 0:18 0:27 -33%
4 @ué‘u‘%mia’lﬁﬁmqm 14 8.35 14.2 -41% 0:28 0:38 -26%
5 Tsmenuaasgynielsening 11.54 17.1 -33% 0:37 0:45 -18%
6 AUGUINNTATITUEY 12 14.5 19.6 -26% 0:46 0:52 -12%
7 AUUSNTASISMAY 7 18.26 231 -21% 0:56 0:59 -5%
8 AUGUINNTANSTNATY 18 21.17 21.7 -24% 1:03 1:09 -9%
9 AUUSNNIANSITUAY 63 23.54 29.8 -21% 111 1:15 -5%
10 Quév%maawmimqm 16 28.3 35 -19% 1:26 1:33 -8%
11 AUEUSNITANSNTNAY 10 33.66 40.6 -17% 1:40 201 -17%
12 Quév%maawmimqm 21 36.57 42.5 -14% 1:48 2:07 -15%
13 @uév%msmﬁﬁmqm 22 42.75 4a8.4 -12% 2:01 2:21 -14%
14 AUUSNIANSISNAY 37 47.28 55.4 -15% 2:09 2:33 -16%
15 @uév%msmﬁﬁmqm 35 52.95 61.1 -13% 2:19 2:43 -15%
16 @uﬂﬁmimﬁﬁmqm 50 59.03 67.9 -13% 2:30 2:56 -15%
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Vehicle: V1 (T1)

Distance comparison

Driving time comparison

Stop Distance
Location Name Distance Driving Driving
count travelled %Eff %Eff
travelled time VRP time
VRP
17 @us}u’%mﬁmmimqm 68 64.34 733 -12% 2:41 3:06 -13%
18 @Juﬂﬁmimﬁﬁmqm a5 71.19 84.3 -16% 2:51 3:20 -15%
19 @uﬁu‘%miﬁ’lﬁﬁm&jﬁu 43 81.18 103 -21% 3:05 3:40 -16%
20 quév%msmmimqﬁu 64 91.79 120 -24% 3:21 4:09 -19%
21 @uﬁu‘%miﬁ’lﬁﬁm&jﬁu 56 100.96 134.1 -25% 3:35 4:35 -22%
22 @us}u’%mﬁmmimqm 66 109.66 145.1 -24% 3:54 4:53 -20%
23 @Juﬂﬁmimﬁﬁmqm 15 111.99 147 -24% 4:04 4:58 -18%
24 @us}u’%mﬁmmimqm 3 120.73 160.9 -25% 4:23 5:23 -19%
25 quév%msmmimqﬁu 38 123.28 164.1 -25% 4:30 5:31 -18%
26 @uﬁu‘%miﬁ’lﬁﬁm&jﬁu 11 125.76 168.1 -25% 4:38 5:42 -19%
27 quév%msmmimqﬁu 51 127.59 169.9 -25% 4:44 5:48 -18%
28 @Juﬂﬁmimﬁﬁmqm 4 133.2 177.5 -25% 4:56 5:59 -18%
29 @us}u’%mﬁmmimqm 52 135.43 179.8 -25% 5:03 6:05 -17%
30 @Juﬂﬁmimﬁﬁmqm 25 136.6 181 -25% 5:08 6:09 -17%
31 AUEUINITANSTNAY 2 142.37 186.7 -24% 5:24 6:45 -20%
32 Quév%mammmqm 6 146.66 195.6 -25% 5:36 7:00 -20%
33 AUGUINTATTUEY 9 149.36 197.9 -25% 5:43 7:11 -20%
34 AUIUINIAS1UAY 1 152.16 200.9 -24% 5:52 7:20 -20%
35 T5aneuIanInauy 155.15 204.1 -24% 5:59 727 -20%
36 AUUSNNIAS1MAY 28 157.75 206.4 -24% 6:07 7:33 -19%
37 Quév%mammmqm 26 161.24 212.3 -24% 6:15 7:46 -20%
38 @uﬁu‘%mia’lﬁﬁmqm 13 163.18 215.3 -24% 6:23 7:56 -20%
39 Tsaneuianans 164.14 217.9 -25% 6:29 8:06 -20%
M9l 1 uanssanaUTeuiisuieulayndinsuuss (ie)
Vehicle: V2 (T2)
Distance comparison Driving time comparison
Stop Distance
Location Name Distance Driving Driving
count travelled %Eff %Eff
travelled time VRP time
VRP

0 Tsanenunanans 0 0 0% 0:00 0:00 0%
1 AUEUSNITANeNTNAY 33 4.28 7.7 -44% 0:11 0:18 -39%
2 @uﬁu‘%mia’lﬁﬁmqm 30 10.32 14.8 -30% 0:25 0:34 -26%
3 @uéﬁmimmimqm 49 17.12 16.7 3% 0:39 0:39 0%
4 AUEUINITANEINATY 31 27.23 29.6 -8% 0:55 0:56 2%
5 AUIUSNIANSITUAY 19 32.72 35 1% 1:02 1:05 -5%
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Vehicle: V2 (T2)
Distance comparison Driving time comparison
Stop Distance
Location Name Distance Driving Driving
count travelled %Eff %Eff
travelled time VRP time
VRP

6 @uéﬁmﬁmﬁﬁmqm 17 36.04 40.1 -10% 1:11 1:22 -13%
7 @Juﬁﬁmsmﬁﬁmqm 24 43,61 a8 -9% 1:23 1:38 -15%
8 AUGUINNTATITUEY 53 53.73 64.2 -16% 1:41 2:01 -17%
9 Quﬁu%m’iﬁ?ﬁﬂ’im@“ﬂ 60 60.79 71.2 -15% 1:56 2:16 -15%
10 @uﬂu‘%mimﬁﬁmq{m 61 78.86 95.6 -18% 2:23 2:56 -19%
11 159N 81U1AAABIENNIN 92.66 111 -17% 2:43 3:20 -19%
12 Iiﬂwmman‘nm‘;aﬁﬂi‘j 112.06 132.3 -15% 3:06 3:.47 -18%
13 @uéﬁmﬁmﬁﬁmqm a4 119.59 139.8 -14% 3:15 3:57 -18%
14 Tsanguraannses 134.88 164.2 -18% 3:35 4:36 -22%
15 @uﬂu‘%mimﬁﬁmq{m a6 143.29 178.1 -20% 3:50 5:00 -23%
16 T59neU18d3USS 145.92 181.2 -19% 3:55 5:06 -23%
17 @Juﬁﬁmsmﬁﬁmqm 57 154.29 190.8 -19% 4:09 5:23 -23%
18 @uéﬁmﬁmﬁﬁmqm 41 164.44 213 -23% 4:24 6:01 -271%
19 AUUINTANSSMAY 8 171.37 224.2 -24% 4:37 6:18 -27%
20 AUEUSNITANSTNAY 32 173.18 226.6 -24% 4:44 6:25 -26%
21 Quév%msmmimqm 34 176.02 230.3 -24% 4:53 6:37 -26%
22 Vjuﬁu‘%mia’lmimqm 55 186.91 241.2 -23% 5:06 6:58 -27%
23 AUSUSNTANSTNAY 39 195.34 253.1 -23% 5:19 7:15 2%
24 @Juﬁu%m'imﬁ']‘smqsu 58 197.29 254.6 -23% 5:23 7:19 -26%
25 AUSUINITANSNTNEY 54 204.87 263 -22% 5:37 7:36 -26%
26 Quév%msmmimqm 59 211.15 269.9 -22% 5:51 7:54 -26%
27 | lsmenuaggEeeny unuiieu 228.14 292.3 -22% 6:18 8:25 -25%
28 Quév%msmmimqm 42 240.38 307.6 -22% 6:34 8:56 -26%
29 @Juﬁu%m'imﬁ']‘smqsu 62 246.09 3144 -22% 6:48 9:13 -26%
30 AUEUSNITANSTNAY 65 257.67 326.1 -21% 7:04 9:41 21%
31 Tsmgnuianasienidng 263.04 3333 21% 7:14 9:57 27%
32 AUGUINNTAETUATY 48 271.24 342.4 -21% 7:28 10:16 -27%
33 Quév%msmmimqm 67 283.85 359.3 -21% 7:48 10:54 -28%
34 Tsawenunasivinan 291.9 368.7 -21% 8:03 11:11 -28%
35 giusiu’%mﬁmmmqm 40 298.21 374.9 -20% 8:13 11:27 -28%
36 @Juﬁu%m'imﬁ']‘smqsu ar 304.95 389.7 -22% 8:25 11:47 -29%
37 giusiu’%mﬁmmmqm 29 313.11 395.1 -21% 8:41 11:57 -271%
38 Quév%msmmimqm 27 315.98 398.7 -21% 8:49 12:11 -28%
39 Taaweuianans 321.06 405.3 -21% 8:59 12:36 -29%
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Abstract

Quantum computing has been considered a new generation of computer. Its basic unit, the qubit,
is different from that in a regular computer, which is referred to as a classical bit. While the classical bit's
value can be either 0 or 1, a qubit can be both 0 and 1 at the same time. Quantum computing is not a
general-purpose computer; it is appropriate for some specific solutions, especially complicated problems
in many fields, such as biology, logistics, information security, etc. Two major principles that are essential
for guantum computing study are entanglement and teleportation. The big obstacles faced by new
researchers in quantum computing, for a long time, have been not understanding the related mathematics
easily and not having a clear sample software development and deployment methodology that matches
theorems explanations. This paper addresses these problems by explaining quantum teleportation in
simplified mathematics, showing how to apply quantum logic gates in the solution, and creating a runnable
quantum teleportation Q# software library, which is later called from a C# client program. Though the Q#
sample code in this paper runs on a quantum simulator, it can be used in a real quantum computing system
that is based on the same architecture, like Microsoft Azure Quantum, as well.

Keywords: Quantum, Teleportation, Entanglement, Simulator

1. Introduction

Quantum computing applies modern physics in both hardware and software architectures. In the
past, most of the study cases were in theoretical research. After major world-class IT industry companies
such as Microsoft, IBM, Google, and Amazon[1] joined the quantum computer world, the progression of

both research and practical development has been accelerated. They have invested in both hardware and
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software and shared the usage with the public at low or no cost. The platforms they provide are mostly
based on cloud networks, which also connect to the real quantum computers in the backend. One of the
vendors, Microsoft, also provides a quantum simulator that can run to prove quantum conceptual programs
on regular personal computers.

Research in quantum computing is not just popular in the West; Eastern countries such as China,
Japan, and India have also created many innovations[2]. In 2021, the University of Science and Technology
of China (USTC) invented a light-based quantum computer that is much faster than using semiconductors[3].

One of the major differences between quantum computing and classical computing is the basic
unit of processing[4]. Classical computers use bits, which are either 0 or 1, as their basic unit, while guantum
computers use quantum bits or qubits, which can be 0, 1, or both 0 and 1 simultaneously. The state that
can be both 0 and 1 simultaneously for a qubit is called superposition. With the capability of superposition,
quantum computers can solve some very complicated tasks, which usually take much time for classical
computers[5], in much shorter periods, such as encryption, optimization, logistic management, drug
development, weather forecasting, etc.

Although there are many algorithms related to quantum computers, the fundamental concepts for
this field are quantum entanglement and quantum teleportation. Both are related to mathematics. They
can be explained in either complicated mathematics or simple matrices[6]. Basic mathematics and
computer programming (in text and WebAPI platforms) related to quantum entanglement were mentioned
in these articles[7][8]. This paper focuses on quantum teleportation, explaining it in plain mathematics and
showing how to create a practical library for this concept that can be applied in several application
platforms, including console, Windows, web applications, and WebAPI. Though there are many platforms
and languages that can be used for developing applications[9][10], Q# and Microsoft quantum simulator
are chosen since the solution can be created and run on regular personal computers, providing a good
starting point for anyone..

The contents of this article are as follows: the difference between bits and qubits, basic quantum
mathematics and logic gates, an overview of the quantum teleportation concept, the creation of a quantum
teleportation library using the Q# language, a sample client program written in C# that works with the
created library on the quantum simulator, and the results showing that the generated software solution
can produce results as theorized. Although the solution provided in the current research runs on a quantum

simulator, all codes can be migrated to run on a real quantum computer, in this case, Azure Quantum.
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1.1 Fundamental of Quantum Computing

1.1.1 Classical Bit and Quantum Bit

Classical computers use bits, which are binary and can be either 0 or 1, as their basic unit. In
contrast, quantum computers use quantum bits or qubits, which can represent both 0 and 1 simultaneously.
For a single qubit, the state 0 is represented in Dirac notation as |0>, while |1> denotes the state 1. When

a qubit is in a state of both 0 and 1 simultaneously, it is referred to as superposition. The Dirac notation for

0> +]|1>

superposition of one qubit is (T) as shown in Figure 1.

@0 -0
) [0+ )
®! — 1)
Classical Bit Qubit

Figure 1 Classical Bit and Quantum Bit [11]

1.1.2 Dirac Notation and Basic Vector

A qubit is often written in Dirac notation; however, it can also be expressed in the form of a vector.

1
Qubit 0, denoted as |0>, corresponds to (0) in vector form (1 column matrix) while qubit 1, |1>, is

0 [0> +]1>
represented as (1) According to [7], it is shown that superposition of one qubit (T), can be

1

V2

L
V2
the latter form is more popular. As expected, 2 qubits can also be written in vector form as demonstrated
in [7].

Table 1 Dirac Notation and Matrix of 2 Qubits

written in vector form as . For 2 qubits Dirac notation can be written as |0>|0> or [00>. By the way,

2 Qubits

Dirac Notation

Vector (or Matrix)

qubits 0 and O

|0>]0> or |00>

[N

qubits 0 and 1

|0>]1> or |01>

qubits 1 and O

|1>]0> or |10>

qubits 1 and 1

[1>[]1> or |11>

— | |
oo oo RrooODorRr O OO
~ N R
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1.2 Essential Quantum Logic Gates and Their Simplified Mathematical Verification

Instead of using mathematic equations, another prevalent approach in this field is the use of
quantum logic gates or quantum gates. These gates consist of symbols for creating quantum circuits
(quantum networks) as illustrated in Figure 4. Quantum gates are grounded in related mathematics and can
be represented in the form of matrices or Dirac notations. Table 2 provides a summary of the essential
gates and their equivalent matrices.

In this paper, which is related to quantum teleportation, the fundamental logic gates are CNOT, H,

X, and Z gates. A brief explanation follows and will be further elaborated with related mathematics later.

1.2.1 Hadamard (H) gate and its own inverse property[6]

The H gate is used to change a qubit from a normal state (being either 0 or 1) to a superposition
state (being both 0 and 1 simultaneously). It can also be considered as a 90° (1/2) rotation around the y-
axis, followed by a 180° (7T) rotation around the x-axis[12].

If a qubit is in a normal state, applying the H gate to it will result in a superposition state. On the
other hand, if a qubit is already in superposition state, applying the H gate to it will return the qubit to the

normal state, which can be considered similar to a classical bit. The following calculation will demonstrate

the steps.
According to Table 2, the matrix for the H gate can be found in row 3 and column 4, represented
L 1
as %G _11) which is equivalent to ‘/f E . The results after applying H gate to qubit |0> and |1>,
vz V2

achieved by multiplying the H gate matrix with the qubit vectors, are shown in equations (1) and (2). Both

states are in superposition.

1 1
— J— 1

o= (2 %)= (%) <1>
. 7
L R

s - (2 7 (g)=<g> @
VZ V2 V2

Next, the H gate's matrix will be multiplied with the qubits in the superposition state, and the result
will be in the normal state, as shown in the output of equations (3) and (4) respectively.

(T) ()= o> 3)

V2

ol 5L 5
ﬁIHNHN SN |

T
/-~
Sl &l
——
Il
S-Sl Sl Sl

1

(f) - @
vz

With the above verification, the H gate can be considered as having its own inverse property. To

work with the Hadamard gate easily, the state machine diagram shown in Figure 2 is often used.
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1.2.2 Controlled-NOT (CNOT) gate toggles target bit if control bit is 1 [6]

The CNOT gate operates with two qubits. The first qubit is called the 'control qubit,' and the second
qubit is called the 'target qubit.' If the control qubit is |1>, the value of the target qubit will be toggled (|0>
=> |1> or [1> => |0>). If the control qubit is |0>, the value of the target qubit will remain unchanged. This
behavior can be observed in the truth table, specifically in row 4, column 3 of Table 2.

From row 4 column 4 of Table 2, the matrix form of the CNOT gate is as follows.

10 0 0
—l0 0 0
C_(O 01)

0 1 0

o OF

Figure 2 Hadamard (H) Gate's State Machine Diagram
(Source: https://tatourian.files.wordpress.com/2018/09/9.jpg)

To prove that the CNOT gate has the properties as mentioned above, the following demonstrates
how it works. Additionally, two facts will be used in the proof: (3) is the vector form of the qubit |0> and
((1)) is the vector form of the qubit |1>.

- Case 1: Control qubit is 1. Target qubit will be toggled.

=D () =1> ©

o or o
» oo o
oro o
Sroo
N—
I
—
= oo o

0 0 O 0 0
. 2) () , () -(O)®() - 10> ©
01 0 1 0

Table 2 Quantum Logic Gates, Quantum Network, Truth Table and Equivalent Matrix

Quantum Logic Gate Symbol Truth Table Equivalent Matrix
Input Output
X gate ] 10> [1> (2 (1))
L [1> |0>
Input Output
Z gate 7 |0> [0> ((1) _01)
L | [1> -|11>
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Quantum Logic Gate Symbol Truth Table Equivalent Matrix
Input Output
0> (|0>+|1 >) 1 (1 1 )
H gate 1 VZ —
? ) 0>—-1> vz -1

I v
Input Output
|00> |00> 1000

CNOT gate I 01> 01> <8 (1) g (1’>
|10> [11> 00 10
[11> [10>

- Case 0: Control qubit is 0. Target qubit won't be changed.

qoos () ® () = ¢ <1>

1000 1 1
( : 32 3 8) B ® () - 00> <7>
0 0 1 0 0 0
0
o> =c(() ® (9)=¢ 3
1
1000 0 0
( : 32 a () B O - o> ©
0 0 1 0 0 0

1.2.3 X gate and its properties

The X gate operates on a single qubit. It rotates the state of qubit by 180° (TT) around the x-axis.
Its property involves toggling the qubit's value (|0> => |1> and |1> => |0>). From row 1 column 4 of Table

2, the X gate has a matrix form represented as (0 1).

1 0
If input is qubit |0>, ((1))
o) =(3 @) =) =1 ©)
If input is qubit |1>, ((1))
X(1>) = ((1’ (1)) ((1’) = ((1)) = 0> (10)

1.2.4 Z gate and its properties

The Z cate operates on a single qubit. It rotates the state of qubit by 180° () around the z-axis,

effectively changing the value of the qubit. From row 2 column 4 of Table 2, the Z gate has a matrix form
represented as ((1) _01)

If input is qubit |0>,

o)
0 -5 5)0)-(0)-r
|

v

(11)

0
If input is qubit |1>, 1)

201> =(5 2D =(0)=10) = 101> = 41> (12)
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2. Quantum Teleportation Overview and Related Mathematics
2.1 Big Picture of Quantum Teleportation

Quantum teleportation utilizes the principles of quantum physics to transfer information from one
place to another without the physical movement of particles. However, it's important to note that quantum
teleportation is distinct from the teleportation portrayed in science fiction movies, where objects or people

can be moved from one place to another.

[X> [X>
Control
Input > Output )
|0> [X>
Target N

Figure 3 CNOT properties

| | |
> | | . |
e - A
\ i \ M
I I I |
I I | ! ! ! " I
[0a> i i 1|Ba>! ! ! ' i
A - BER il | A : |
i } 3 i | | | | M ’ I
i i i ! ! ! i i i
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106> I '|Bo>! ! | I L L
i | i ; ; ; X VA i
i ! i ‘ ! ‘ i
H H | | | H
v v vV v v v v
|X1> [X2> [X3> | X4> |Xs> [Xe> |X7>

Figure 4 Quantum Teleportation Diagram

Quantum teleportation utilizes quantum entanglement as its fundamental framework[4]. Figure 4
provides a concise diagram illustrating how it operates. The conceptual steps of quantum teleportation are
as follows:

1. Initialization: The sender (A) and the receiver (B) share an entangled pair of particles. Each particle
in this pair is in a state of superposition (after the H gate) and is entangled with its counterpart. The initial
pair consists of |0> for A and |0> for B, denoted further in the calculation as |0,> and |0,> respectively. The
second pair comprises T|\y> (the message to be teleported) and |0,> from A. This means that, regardless
of the distance between them, measuring the state of one particle instantaneously determines the state
of the other in its pair.

2. Entanglement Measurement: The sender measures both the unknown quantum state to be
teleported and their own particle from the entangled pair. After measurement, the unknown state is

destroyed.
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3. Information Transmission: The sender conveys the measurement result to the receiver through
a classical communication channel. This step involves transmitting two classical bits of information. Using a
traditional communication channel, the speed of sending two classical bits is as usual, not faster than the
speed of light.

4. State Reconstruction: Upon receiving the sender's classical information, the receiver performs
suitable quantum operations on their entangled particle based on the measurement result.

5. State Transfer: The entangled particle of the receiver assumes the same state as the original
unknown quantum state held by the sender. The unknown quantum state has now been "teleported" from
the sender to the recipient.

It's crucial to emphasize that the actual particles containing the quantum state are not physically
moved during this process. Instead, the quantum state is effectively transferred from one location to

another by leveraging the entanglement between the particles of the sender and receiver.

2.2 Quantum Teleportation's Related Basic Mathematics

Please note that the subscriptions 'a' in [0,> and 'b' in |0,> used in all explanations refer to the
sender (A) and receiver (B) respectively. However, they can be omitted without any adverse effects. The
explanations of the steps in Figure 4 are as follows:.

1. At the starting state, |X;>, there are 2 qubits from A and B. The result is from the tensor product
of both qubits.

X;> = 0,>8]0,> = [0,>[0,> (13)
2. At [X,> state, |0,> passes Hadamard gate.

X,> = H(0,5)[0,> = |0a>+ |1a> 105, = |0a0b>+ [1a0b> (14)
2 a b \/E . b \/E
3. At |X5> state, |0,> (control qubit) and |0,> (target qubit) pass CNOT gate.
|0a0b>+ |1a1b>
X35> = ——=——=|Bp.ou> = |B,> = |B,> (15)

Ng
(|Bgaon> in (15) is Bell state of 0,0, which will be used further for both sender A

and receiver B because of the result from CNOT properties will be the same as

shown in Figure 3.)
4. At |Xs> state, there are 2 qubits which are [/> from T and |B,> which will be used by sender A.
Xe> = [W>QB,> = [Y>[B,> = [Y>[Boygs>

As > = 0Uj0,> + Bl1,> (where [|oL]f + |IBIF = 1), s0, [X¢> can be written like this.
[0a0b>+ |1a1b>

o = (@, + Bl ()

0a0a0Ob> + af{0alalb) + B(1a0a0b)+ p(1alalb
|X4>:a|aa af0ala )ﬁﬁ(aa )+ B(1alalb) (16)

5. At [Xs> state, it passes CNOT gate. The result will be as follows.
0a0a0b> + a{0alalb) + p(1ala0b)+ B(1a0alb
|X5>:oc|aa of{0ala )ﬁﬁ(aa )+ B(1a0alb) (17)

6. At |Xg> state, the data goes through H gate. The values of H gate are from row 7 column 4

of Table 2. The processes will be as follows.
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|0a>+ |1a> [0a>+ |1a>
o (= o> (=) >
- T \2 |[0a>— [1a> |0a>— |1a>

w1 (ocIOaOaOb > + alla0a0b > + «0alalb > + allalalb > +>

%>=3\ Bloala0b > — B|1ala0b > + B|0adalb > — p|1adalb >

‘o 1<|0a0a > (a|0b > + B|1b >) + |1a0a > (a|0Ob > — B|1b >) +> (18)

%> =5\ |0ala > (a|1b > + BlOb >) + |1ala > (a|1b > — B|Ob >)

7. At |X;> state, after sender, A, measures her 2 qubits, she sends these 2 classical bits to the
receiver, B. The results of measurement can be either 00, 01, 10, or 11. The actions that the receiver, B,
should take after obtaining the measurement result are related to the X and Z gates, as summarized in

Table 3. The properties of the X and Z gates are detailed in rows 2 and 4 of Table 2.

Table 3 Information that Receiver Gets and Related Gate(s) for Modifying Result State to Obtain Final Results

Measurement Result Probability Result State Operation and Result
00 1/4 o> + B‘1b> No additional operation

10 /4 00> - Bl1,> Z(By>) = Q0> + Pl1,>

01 /4 oU1,> + PBlop> X(Bo>) = OL[0,> + Pl 1p>

11 /4 oU1,> - Blos> X(By>) = 00> - PBl1p>

Z(X(By) = QL0p> + Pl1>

After performing the operation(s) based on the measurement results, the final output obtained by

the receiver, B, will be the same as what the sender, A, sent: [J> = OL|0,> + B|1a>.

3. Experiments
3.1 Coding for Quantum Teleportation

To develop a practical demonstration of how quantum teleportation works in this research, the
following steps are required. First, prepare the development environment based on .NET architectures.
Second, write code for Q# library development (a file with a "dll' extension) that executes quantum
teleportation processes on the Microsoft quantum simulator. And third, create a C# client application that

connects to the Q# library in the second portion. Figures 6, 7, and 8 display flowcharts of the quantum

teleportation application library.

3.1.1 Development Environment Preparation
There are 3 software (or newer) used in this task.
- .NET SDK (version 6.0)
(https://dotnet.microsoft.com/en-us/download)
- Visual Studio Code (as IDE)
(https://code.visualstudio.com/download)
- Microsoft Quantum Development Kit for Visual Studio Code (Visual Studio Code Extension)

(https://marketplace.visualstudio.com/items?itemName=zetta.qsharp-extensionpack)
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All above tools can be used under various operating systems that support .NET such as MS

Windows, macOS and Linux.

3.1.2 Overall Picture of the Application

The program consists of two parts, as illustrated in Figure 5. The first part is the client, which is
written in C#. The second part is the library, written in Q# and, in this project, runs on the quantum
simulator. The client sends a message as a boolean to the library. The library receives the boolean input
(considered as a binary classical bit) and initializes a qubit appropriate for the inputted value. The
teleportation process occurs within the library, and the boolean result is sent back to the client to indicate
whether the teleportation process succeeded or not. The working process of this solution resembles a

client-server system.

Quantum Simulator

¥ message
L T |
C# Client
App.
result PP

Q# quantum teleportation library (.dll)
(Teleporting message T
from sender A to receiver B)

Figure 3 Quantum Teleportation Library and the Interaction with Client

3.1.3 Flowchart for Quantum Teleportation Library

Figure 6 illustrates the flowchart of the core program in the library. The library receives classical bit
(boolean) data, 'tt,' from the client program. Two qubits, 't' representing the message T and 'b' representing
the receiver B in Figure 4, are prepared and initialized. According to the flowchart, if the initial classical bit
message ('tt') is true, the X gate is used to toggle the value of the message qubit 't' to |1>; otherwise, it
remains as |[0>. The message qubit 't' and the receiver qubit 'b' are then passed as arguments to the
Teleport' function. After the Teleport' function completes its operation, the message qubit 't' is teleported
to the receiver qubit 'b". Subsequently, the receiver qubit 'b'"is measured by the 'MeasureReceiver' function,
which yields the classical bit result 'bb." If the value of 'bb' (the message received by the receiver) is the
same as 'tt' (the initial message), the library will notify the user on the screen that the teleportation has

been successfully completed; otherwise, it is considered a failure.
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¢

bb = MeasureRecceiver(b)

Get classical bit 'tt' for
being used as 'message’
for teleportation i

l Display
'Sent data as{ tt}=>
Got data as {bb}'

Initialize't' as qubit for'message’
Initialize'b' as qubit for'receiver'

Apply X gate with 't'

Display
'Teleport
failed'

Display
'Teleport
succeeded'

v

Teleport(t, b)

| End

Figure 4 Flowchart of Core Program in the Quantum Teleportation Library

MeasureReceiver (b)

MResetZ (b) = One

bb =true (Measuring ‘b’)

bb =false

Figure 7 Function "MeasureReceiver"

Teleport(t, b)

MResetZ (t) = One

7 T
(Measuring't) Apply Z gate with 'b

Initialize'a' as qubit for'sender’

'

Entangle sender 'a' and receiver 'b'
by using
H gate with 'a'and
CNOT gate with 'a'and 'b’

MResetZ (a) =One

Apply X gate with 'b'

.

(Measuring'a')

Encode message 't' with sender 'a' (which is
already entangled with receiver 'b') by using
CNOT gate and make 't' superposition
by H gate

End

Figure 8 Function "Teleport"
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Listing 1 O# Code of Quantum Teleportation Library (Library.qgs)

J501 86

namespace QuantumTeleportation02 {

open Microsoft.Quantum.Canon;

open Microsoft.Quantum.Intrinsic;

open Microsoft.Quantum.Random;

open Microsoft.Quantum.Measurement;

Il'as in Figure 4, ais sender, b is receiver, t is message

operation Teleport (t : Qubit, b : Qubit) : Unit {
Ilinitial state of a is |0> (by default)
use a = Qubit();
I from Figure 4, entangle sender (a) and receiver (b) by using H and CNOT gates
H(a);
CNOT(a, b);
Il from Figure 4, encode the message (t) with sender (a)
I/ which is already entangled with receiver (b)
CNOT(t, a);
H(b);
Il from Figure 4, message qubit (t), after measured, will be handled by Z gate
if(MResetZ(t) == One) { Z(b); }
Il from Figure 4, qubit from sender (a), after measured, will be handled by X gate
if(MResetZ(a) == One) { X(b); }

I1'tt" is classical bit for message to be transported
I1'bb" is what receiver gets in form of classical bit (after being measured)
operation SendData2Teleport (it : Bool) : Bool {
Il'initial state of tis |0> (by default)
use t = Qubit();
/l'initial state of b is |0> (by default)
use b = Qubit();
I1if'tt" is true (classical bit is 1), use X gate to toggle initial state of 't' to be |1>
I else (‘tt'is not true (classical bit is 0)) leave 't' to be |0> which is its initial state
if (tt == true) {
X(b);

I/ call Teleport method, send t (message) to b (receiver)
Teleport(t, b);
I measuring received message (and getting as classical bit)
let bb = MeasureReceiver(b);
Message($"Sent data as: {tt} => Got data as: {bb}");
if(tt == bb) {
Message("Teleportation successful this time.");
return true;
}else {
Message("Teleportation failed this time.");
return false;

}

operation MeasureReceiver(b : Qubit) : Bool {
I measuring b (receiver)
Il'if result is One, measured value is true (1 in classical bit)
Ilif result is not One, measured value is false (0 in classical bit)
I/ bb is receiver in classical bit
mutable bb = false;
if (MResetZ(b) == One) {
set bb = true;
}else {
set bb = false;

return bb;
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Listing 2 C# Code of Client Program (Program.cs)

using System.Globalization;
using Microsoft.Quantum.Simulation.Simulators;
using QuantumTeleportation02;
namespace QuantumTeleportation02Use;
class Program {
static async Task Main() {
bool binResult = false;
int intRound = 0;
try {
using var gsim = new QuantumSimulator();
Console.WriteLine("Calling Teleportation Sample from Q# Library to C# Code:");
Console.Write("How many round you want to try (positive integer)? ");
if(int. TryParse(Console.ReadLine(), NumberStyles.Any, null, out intRound) == true) {
Random r = new Random();
for (inti = 0; i < intRound; i++) {
bool biInRandom = (r.Next(2) == 1);
Console.WriteLine("Sending {0}.", blnRandom.ToString());
binResult = await SendData2Teleport.Run(gsim, binRandom);
Console.WriteLine("Report to the caller: teleport # {0} was {1}.", i+1, bInResult == true ?

successfully™ :
lllfailedlll);

}

} catch(Exception ex) {
Console.WriteLine("Exception happen: " + ex.Message);
Console.WriteLine("Explanation: " + ex.StackTrace);
}
}

}

Figure 7 depicts the flowchart of the 'MeasuredReceiver' function. This function performs quantum
measurement on the receiver qubit 'b'. If the result is One, the variable 'bb', used here as a classical bit
(boolean) result value for the receiver, is set to 'true'; otherwise, it is set to 'false'. The function then returns
'bb' (a boolean or classical bit value) to its caller.

Figure 8 shows the flowchart of the Teleport' function, which receives two data inputs: 't
representing the message qubit, and 'b', representing the receiver qubit. To comprehend the flowchart and
code, reference to Figure 4 diagram is necessary. The function begins with the initialization of sender qubit
'a". Subsequently, both sender qubit 'a' and receiver qubit 'b' are entangled using the H gate on 'a' and the
CNOT gate on 'a' and 'b'. Following this, the message qubit 't' and sender qubit 'a' (already entangled with
receiver qubit 'b") are encoded using the CNOT gate. Afterwards, the resulting message qubit, 't', passes
through the H gate, placing it in a superposition state.

The next two steps involve quantum measurements, as depicted in Figure 4. First, the message
qubit 't' is measured. If the result is One, the Z gate is applied to the receiver qubit 'b'; otherwise, no
operation is performed. Second, the sender qubit 'a" is also measured. If the result is One, the X gate is
applied to the receiver qubit 'b'; otherwise, no operation is performed. At the conclusion of the Teleport'
function, theoretically, the receiver qubit o' is in a state identical to the initial message qubit 't', indicating

the successful completion of the message transportation process.
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3.1.4 Q# Code for Quantum Teleportation Library

Listing 1 presents the Q# code from the 'Library.gs' file, corresponding to the flowcharts discussed

in section 3.1.3. After compilation, this library is saved as 'QuantumTeleportation02.dll'. The library

comprises three functions: Teleport', 'SendData2Teleport', and 'MeasureReceiver'.

1)

First, Teleport' takes two arguments as input: the message qubit 't' and the receiver qubit 'b'. This
function does not return any value to the caller.

Second, 'SendData2Teleport' requires one argument as input: the message in classical bit (boolean)
form, denoted as 'tt'. It returns a boolean value to the caller.

The last function, 'MeasureReceiver', takes one input argument: the receiver qubit 'b'. It returns a

boolean value to its caller.

3.1.5 C# Code for Client Program

Listing 2 provides the C# code from 'Program.cs,' which serves as the client program to initiate work

with the teleportation library discussed in section 3.1.4. To use the client program, the user needs to place

the compiled library file, 'QuantumTeleportation02.dll,

in the same folder where 'Program.cs' is located.

The steps involved in the client code are as follows:

1)

Firstly, the user is prompted to enter the number of rounds for iterating the sending of binary
classical bit messages to the library.

Next, a random boolean value is generated and sent to the library via the quantum simulator.
Working with the teleportation library in this case employs asynchronous methods.

The result of the teleportation process is returned from the library.

The second and third steps are iterated until the specified number of rounds entered in the first

step is reached.Results

PS D:‘\workroom\LearnQuantunVSCode\QuantumTeleportation@2Use> dotnet run
Calling Teleportation Sample from Q# Library to C# Code:
How many round you want to try (positive integer)? 5
Sending True.

Sent data as: True => Got data as: True

Teleportation successful this time.

Report to the caller: teleport # 1 was ‘successfully’.
Sending True.

Sent data as: True => Got data as: True

Teleportation successful this time.

Report to the caller: teleport # 2 was "successfully’.
Sending False.

Sent data as: False => Got data as: False

Teleportation successful this time.

Report to the caller: teleport # 3 was "successfully’.
Sending True.

Sent data as: True => Got data as: True

Teleportation successful this time.

Report to the caller: teleport # 4 was ‘successfully’.
Sending False.

Sent data as: False =» Got data as: False

Teleportation successful this time.

Report to the caller: teleport # 5 was ‘successfully’.
PS D:‘\workroom\LearnQuantumySCode\QuantumTeleportation82Use> D

Figure 5 Result of Running
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The sample results of the program are illustrated in Figure 9. The client program prompts the user
to enter the number of rounds for which they want random boolean values to be sent as input. Each round
begins with a boolean classical bit value that is converted into a qubit and transmitted to the quantum
simulator to initiate the teleportation process. Once the teleportation is completed, the library in the
simulator displays the following results: the value of the qubit that was sent, the value of the qubit received
from the teleportation process, and the status indicating whether the teleportation was successful or not.
These processes are executed iteratively until the specified number of rounds is completed. The program
effectively demonstrates that the original message sent by the sender can reach the receiver through

teleportation processes, as per the theoretical framework.

4. Conclusions

Teleportation is one of the renowned fundamental principles in quantum computing. It is built
upon quantum entanglement, which has been previously explained and proven in prior researches [7][8].
This paper elucidates quantum teleportation by utilizing basic mathematics to demonstrate how it
effectively transports message qubits from the sender to the receiver. To simplify the deployment and
comprehension of quantum computing in real-world applications, the concept of quantum logic gates is
employed, replacing complex mathematical processes. The current research demonstrates the step-by-
step creation of runnable teleportation programs in Q#, as outlined in theory, culminating in the
development of a library software (.dll file) suitable for various applications. Samples illustrating the use of
teleportation functions from the compiled Q# library in a C# client program are also provided. This practical
research offers significant benefits to quantum computing scholars, particularly newcomers, by providing
clear explanations through simple mathematical concepts and offering real, runnable code samples for

their further research.

5. Future Works

After clarifying the steps involved in creating the teleportation library and confirming its correct
functionality with a console application, future developments could focus on enhancing the solution into
a WeDbAPI structure. This enhancement would enable the library to facilitate two-way communication with

various client platforms, including Windows, web, mobile, and even loT applications
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Abstract

The purpose of this research is to study the optimum ratio between polyester fiber scraps and
virgin polyester. In the study, the production process of a nonwoven fabric manufacturer in Rayong,
Thailand, it was found a problem in the production process, there is a large amount of polyester fiber scrap
left from the production process. Therefore, the waste of polyester fiber from the production process was
mixed with pure polyester raw material in 4 sets of ratios, namely 4:96, 6:94, 8:92, and 10:90 get to average
to compare with the conditions weight values, strength, elongation, and thickness as to the testing standards
by TIS no. 121 and analyzing process capability by the Actual Process Capability Index (Cpk) was used by
analyzing and processing from the Minitab package to examine the variability of the production process.
The results showed that the ratio was 4:96 with a mean total weight of 27.5 grams per square meter. The
thickness value was 1.07 mm., the strength value was 25.85 N.m., and the elongation value was 5.05 N.M,,
which were in the specified criteria for all test results. The ratio was 6:94 with an average weight of 27.9
g/m. square meter The thickness value was 1.10 mm., the strength value was 24.41 N.m., and the elongation
value was 4.40 N.M., were within the specified criteria for all test results and both of which had a Cpk
greater than 1, indicating that the process was capable or there is a natural variance. After the improvement
in the past 12 months, it was found that the amount of poly fiber scrap 58 tons of ester left over from the
production process were recycled and 45 tons were recycled, representing 77.58% of the recycled polyester
scrap or the efficiency of the product was 96.7

Keywords: Polyester, Nonwoven Fabric, Optimal Ratio, Scrap, Reuse

1. Introduction

Textile and garment industry is a large-scale manufacturing industry with fully integrated
manufacturing structure, consisting of sub-industries in manufacturing process like upstream sector, i.e., fiber
production and spinning to mid-stream sector, i.e., weaving, knitting, nonwoven fabric, dyeing, printing,

finishing and to downstream sector, i.e., designing and adding higher value to be ready-made clothes or



JOURNAL OF SCIENCE AND TECHNOLOGY, SOUTHEAST BANGKOK UNIVERSITY Jssbél 92
VOL.3 NO.2 (July — December 2023)

other ready-made garments. Textile and garment industry is important to Thailand in terms of export
revenue and huge labor employment. There are 4,829 textile and garment factories, around 460,000
employees, and investment fund of 205,600 million baht [1]. However, during the end of 2019, the world
and Thailand confronted the pandemic of Coronavirus of Covid-19, contributing to changes in every industry.
Recently, at the beginning of 2020, manufacturers and distributors needed to suspend their businesses or
reduced production capacity caused by preventive measures taken by the government for Covid-19.
Meanwhile, the spread in foreign countries increased continuously, making the value of textile and garment
exports across the world declined. In Thailand, the cumulative export in the first half of 2020 decreased
continuously by 16.9% on average as many fashion brands cancelled or postponed factory orders [2].

According to the study on problems in manufacturing process of a company in Rayong province, in terms
of nonwoven fabric manufacturing, 1009% polyester fabrics were imported abroad to be a raw material in
the manufacturing, a problem occurred due to importation of raw materials necessary for manufacturing

process. A ratio of polyester fabric scraps after manufacturing process as seen in Table 1.

Table 1 The ratio of polyester fabric scraps (percent) after manufacturing process for 12 months.

Month Ratio (%) Month Ratio (%)

January 6.5 July 8.3

February 7.0 August 6.1
March 6.7 September 6.2
April 6.7 October 6.6
May 6.9 November 6.3
June 6.2 December 7.0

Ratio Average = 6.71% per Month

From Table 1, the researcher had an idea to reuse polyester fabric scraps in the manufacturing
process so as to reduce the cost of raw materials. However, the reuse of polyester fabric scraps that passed
manufacturing process requires the mixing with 100% polyester fabric to ensure products shall meet the
standards. Therefore, this research aimed to study the optimal mixing ratio between polyester fabric scraps
from the manufacturing process and 100% polyester fabric. Independent variable was the mixing ratio
between polyester fabric scraps from the manufacturing process and 100% polyester fabric and dependent
variable was properties of nonwoven fabrics compliant to standards. 4 ratios in the experiment were 4:96,
6:94,8:92 and 10:90, obtained from the review of relevant literature [3-5] and trials at the beginning for
being able to determine the mixing ratio. Consideration was given to the optimal mixing ratio to be used
for adjusting the mixing ratio in the manufacturing process to achieve worthiness of raw materials used and

to reduce operating costs.
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2. Literature Review

Shobha Rani Nadupuru, R.K. Jain, Deepa A. Joshi and Radhika Menon (2022) had study Experimental
Analysis using Polypropylene, Polyester and Waste Denim Fiber in Road Construction. A method for mixing
polypropylene, polyester, and waste denim fiber with bitumen was developed in this study, which resulted
in uniform fiber dispersion. The Optimum Binder Content (OBC) and Optimum Fiber Content (OFC) are
calculated using the Marshall Procedure. Preparing asphalt concrete mixtures with the required fiber
dosages ranging from 5 to 15% by weight of binder enables for extensive laboratory testing. The volumetric
parameters of the mixes, as well as strength tests such marshall stability, are determined. [6]

Yafeng Gong, Jiaxiang Song, Haipeng Bi and Zhenhong Tian (2020) had study Optimization Design of
the Mix Ratio of a Nano-TiO2/CaCO3-Basalt Fiber Composite Modified Asphalt Mixture Based on Response
Surface Methodology based on the Box-Behnken method and the response surface method, a three-factor
and three-level test was designed. The test results show that the optimal contents of NTC and BF and the
optimal asphalt—-aggregate ratio were 5.1%, 3.9%, and 5.67%, respectively. By comparing the measured
Marshall test index value with the predicted value, the minimum relative error was 0.096% and the
maximum error was 6.960%. The results show that response surface methodology can be used to optimize
the mix ratio of composite modified asphalt mixtures. [7]

Patricia Pefia-Pichardo, Gonzalo Martinez-Barrera, Miguel Martinez-Lopez, Fernando Urefa-Nufez
and Jodo Marciano Laredo dos Reis (2018) had study Recovery of Cotton Fibers from Waste Blue-Jeans and
its use in Polyester Concrete. In this work, polyester concrete with waste cotton fibers was elaborated, and
a novel treatment by gamma irradiation was carried out. The results show up to 40% improvement on the
compressive strength, as well as 7% on the flexural strength. Modifications on the surface, chemical
structural and crystallinity of irradiated waste cotton fibers, were related with improvements on the
mechanical properties of concrete. [8]

Babak Mirbaha, Ali Abdi Kordani, Mohammad Zarei and Ali Zarei (2017) had study Experimental
Determination of the Optimum Percentage of Asphalt Mixtures Reinforced with Nano-Carbon Black and
Polyester Fiber Industries. In this research, by adding different percent amounts of black nano-carbon and
polyester fibers as modifier in the asphalt mixtures and conducting several Marshall tests, it was observed
that adding these two additives can improve generally the Marshall results. According to the results,
Marshall stability is increased up to 61%. Furthermore, an economic analysis was performed to investigate
the cost of using such modified asphalt mixtures for constructing 1 km of a six-line road and suitable

percentages of additives were found from mechanical-economic analyses. [9]

3. Methodology
3.1 The sample in the experiment
Fibers in the experiment were polypropylene-polyethylene terephthalate; PP-PET, used
in the manufacturing process of a nonwoven fabric manufacturer in Thailand. There were 4 sets of the

sample. Details of variables studied were mentioned in the next topic.
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3.2 The Variables studied in the experiment.
Variables in the study consisted of independent variable, i.e., the ratios between
polyester fabric scraps from the manufacturing process and 100% polyester fabric, 4 ratios, and dependent
variable, i.e., properties of nonwoven fabrics compliant to standards. Consideration was given to weight,

tensile, elongation, and thickness of fibers. Details are shown in Table 2.

Table 2 shows independent variable and dependent variable of the experiments for the 4 ratios.

Independent Variable Dependent Variable
Ratios
Polyester Scraps 100% Polyester Properties Accepted criteria *
Ratio 1 q 9% Weight (g) 25 - 29
Ratio 2 6 94 Tensile Strength (nm.) 22.00-26.00
Ratio 3 8 92 Elongation (nm.) 4.00-6.00
Ratio 4 10 90 Thickness (mm.) 09-14

*Accepted criteria of physical test according to Thai Industrial Standard Test Methods for Textiles Number
121, part 12, 16, 17 and 24, respectively. [10-14]

3.3 The place where the experiments were performed, inspectors, and raw materials in the
experiments.
Raw materials in the experiments were polyester fabric scraps left over from the
manufacturing process mixed with 100% polyester fabrics for nonwoven fabric with 100 millimeters width

and 3,000 meters length.

3.4 Steps of the implementation and experiments. There were 2 parts as follows:
3.4.1 Study problems and information about waste in nonwoven fabric manufacturing
process consisting of the following sub-steps:
3.4.1.1 team meeting to summarize problems about polyester fabric scraps left
over from the nonwoven fabric manufacturing process.
3.4.1.2 analyze arising problems using fish bone diagram to identify the root of
polyester fabric scraps left over from the nonwoven fabric manufacturing process and seek a guideline to
improve the nonwoven fabric manufacturing process.
3.4.2 Experimental step consists of the following sub-steps:
3.4.2.1 Prepare polyester scraps left over from the manufacturing process and
100% polyester fabric according to the ratio: 4:96, 6:94, 8:92 and 10:90.
3.4.2.2 Prepare a machine used in the experiment, i.e., re-fioer machine. The
machine was inspected and set to be ready for use as required by standards.
3.4.2.3 Prepare an instrument for recording information during the experiment is

performed, i.e., check sheet to record product properties.
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3.4.2.4 Bring polyester fabric scraps left over from the manufacturing process and
100% polyester fabric to put in the re-fiber machine to mix the fibers. Next, newly mixed nonwoven fibers
from 4 ratios are obtained among 120 samples (30 samples per ratio).
3.4.2.5 All 120 nonwoven fabric samples are inspected and recorded results. QC
inspectors conduct an inspection thoroughly according to the sub-steps as follow:
1) Inspect weight by cutting 2x2 millimeters nonwoven fabric sample and
inspecting from the right side, at the middle and the left side.
2) Inspect tensile by cutting 2x2 millimeter nonwoven fabric sample and
inspecting from the right side, at the middle, and the left side.
3) Inspect elongation by cutting 2x2 millimeter nonwoven fabric sample and
inspecting from the right side, at the middle, and the left side.
4) Inspect thickness by cutting 2x2 millimeter nonwoven fabric sample and
inspecting from the right side, at the middle, and the left side.
5) Analyze primary data — the data recorded from the inspection are
6) measured mean to compare standard properties and accepted criteria of
physical test based on Thai Industrial Standard Test Methods for Textiles Number 121, part 12 — weight,
part 16 - tensile, part 17 — elongation, and part 24 - thickness.
7) Analyze in-depth data to seek the optimal mixing ratio between polyester
fabric scraps left over from the manufacturing process and 100% polyester fabric.

8) Make a conclusion and discussion about experimental results.

3.5 Principles of statistics and instruments used for experimental result analysis
3.5.1 Mean was used to analyze 30 experimental data sets to compare weight, tensile,

elongation and thickness properties according to Thai Industrial Standard Test Methods for Textiles

Number 121.
3.5.2 Actual process capability index (Cpk) [15-16] consists of the following calculation
formulas:
Cpu = (USL - Average) / (30) (1
Cpl = (Average - LSL) / (30) 2
Cpk = min of {Cpu and Cpl} (3)

by considering
If Cpk < 1.0, it is considered the process is not capable of meeting its requirements.
If Cpk = 1.0, it means the process is barely capable.
If Cpk > 1 or greater than 1.33, it means the process is capable or has natural variation. [17]
3.5.3 Minitab is a software package used for data analysis and statistical processing

including presentation of process capability report.
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4. Results

According to the experiments to find out the optimal mixing ratio between polyester scraps left
over from the manufacturing process and 100% polyester fabric based on the 4 ratios. The study result
analysis is divided into 3 parts as:

4.1 Analysis results of the means of the 30 experimental data sets are shown in Table 3

Table 3 The mean of the ratio 4:96, 6:94, 8:92 and 10:90 compared to Thai Industrial Standard Test

Methods for Textiles Number 121. Properties

Mean (n=30)
Properties 1 Ratio | 2"¥Ratio | 3"™Ratio 4™ Ratio Criteria Results
(4:96) (6:94) (8:92) (10:90)
Weight 275 279 28.20 29.00 25-29 Pass
Tensile Strength 25.85 24.41 21.89 21.64 22 - 26 Pass
Elongation 5.05 4.40 3.61 3.65 4-6 Pass
Thickness 1.07 1.10 1.37 1.33 09-14 Pass

From Table 3 the analysis results of the means of the 30 experimental data sets found there were
2 ratios that passed the criteria and 2 ratios that did not pass the criteria. The accepted ratios, the 1st ratio

and the 2nd ratio were analyzed process capability accordingly.

4.2 Analysis results of process capability — after the mean of the 1st ratio (4:96) and the mean of
the 2nd ratio (6:94) were analyzed, short term process capability analysis was performed using actual
process capability index (Cpk) to find out the process capability that shall meet the requirements of the
product standards to ensure the experimental results are more precise.

4.2.1 Analysis results of process capability using Cpk value for the 1st ratio (4:96) according

to the standard requirements of nonwoven fabrics are shown in the following figures:

Process Capability Report for Weight by ratio 4:96 Process Capability Report for Elongation by Ratio 4:96

LsL usL LSL us

—— Owverall
=== Within

N
Al

252 258 4 270 ZI6 W2 B8 222 228 234 24D 245 252 258

b pected Ouerall  Expected Within
PM < LSL .00 0.00 0.0
PM = USL 000 403 2102

L 060 403 3102

PPM < LSL
PRM > USL
PRM Total

The actual process spread is represenied by 3 sigma. The actuai process spread is represented by 3 sigma.
Figure 1 shows Cpk value for the 1st ratio 4:96 Figure 2 shows C,, value for the 1st ratio 4:96
according to weight property of nonwoven according to Tensile Strength property of

nonwoven fabrics.
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Process Capability Report for Thickness by Ratio 4:96

LsL us!
—— Overall

Process Data
4 === within
Target
ust & Crverall Capability
SampleMean 514683 Pp 250
Sample N 150 PPL 287

SiDev{Overall) 0265544
Sthew{Wwithin) 0295138

Ferformance

Observed  Expected Overall — Expected Within
PRM « LSL 000 843 50.04
PPM > USL 000 68602
PPM Total 000 50445

The actual process spread is represented by 3 sigma.

Process Capability Report for Tensile by ratio 4:96

5L usL
Process Data —— Owerall
LsL 09 i === Withn
Target H
usL 14 Overall Capability
Sample Mean  1.0828 i i Pp 450
Sample M 50 i i PPL 329
StDev{Overall) 00370402 | PRU 571
StDevWithing 00403995 | Ppk 329
1 Com
i Potential (Within) Capability
| 413
i
i
¥ H
d —i
091 088 105 112 199 126 133 140
Expected Overall  Expected Within
PPM < LSL 040 302
PEM > USL 000 000
FEM Total 040 302

Figure 3 shows Cpk value for the 1st ratio 4:96

according to Elongation property of nonwoven

The actual process spread is represented by 3 sigma.

Figure 4 shows Cpk value for the 1st ratio 4:96

according to Thickness property of nonwoven

fabrics.

Figures 1-4 show the nonwoven fabric process having the mixing ratio between polyester scraps
left over from the manufacturing process and 100% polyester fabric at the ratio of 4:96. Total average Cpk
value from 5 times experiments based on 30 experimental data sets found the weight was 2.92, tensile was
2.67, elongation was 1.93, and thickness was 3.02. It can be described that if Cpk > 1 or greater than 1.33,
[16] the process is capable or has natural variation. Considered the average variation, the process is at the
center of the requirement standards, meaning the manufacturing process meets manufacturing standards.

4.2.2 Analysis results of process capability using Cpk value for the 2nd ratio 6:94

according to the standard requirements of nonwoven fabrics are shown in the following figures:

Process Capability Report for Weight by ratio 6:94 Process Capability Report for Elongation by Ratio 6:94
U 151 us
= Overall Process Data —— Owerall
=== Within LsL 22 = == Within
Target
Oversll Capability usL 26 Overall Capability
Py 359 Sample Mean 242347 Pp 9.20
PPL 403 Sample N 150 PPL 1028
BPU 308 StDeviOverall) 0144963 PPU BI2
StDeviWithin] 0405171 Ppk 308 StDev(Within) 0138553 Ppk 812
Com Cpm
Patential (Within) Capability Potential (Within) Capability
. p 836
A L 934
CPU Zéi CPu 738
ok 283 Cpk 738
p
252 258 264 210 276 28 2200 2255 23.10 2365 2420 2475 2530 2585
Performance Perfarmance
Observed  Ewpectad Overall  Expacted Within Observed  Expected Overall  Expected Within
PPM < LSL 0.00 0.00 0.01 PPM < 5L 000 000 .00
PPM > USL 0.00 184 1097 PEM > UISL 0.00 0.00 0.00
PPM Total 000 154 10,98 PRM Tatal 0.00 0.00 .00
The actual process spread is represented by 3 sigma. The actual process spread is represented by 3 sigma.

Figure 5 shows Cpk value for the 2st ratio (6:94) Figure 6 shows Cpk value for the 2st ratio (6:94)

according to weight property of nonwoven according to Tensile Strength property of

fabrics nonwoven fabrics.
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Process Capability Report for Thickness by Ratio 6:94
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The actual process spread is represented by 7 sigma.

Process Capability Report for Tensile by ratio 6:94
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Figure 7 shows Cpk value for the 2st ratio 6:94
according to Elongation property of nonwoven

fabrics.

Figure 8 shows Cpk value for the 2st ratio 6:94
according to Thickness property of nonwoven

fabrics.

Figures 5-8 show the nonwoven fabric process having the mixing ratio between polyester fiber

scraps left over from the manufacturing process and 100% polyester fabric at the ratio of 6:94. Total average

Cpk value from 5 times experiments based on 30 experimental data sets found the weigh was 2.83, tensile

was 7.38, elongation was 2.57, and thickness was 3.02. It can be described that if Cpk > 1 or greater than

1.33, the process is capable or has natural variation. Considered the average variation, the process is at the

center of the requirement standards, meaning the manufacturing process meets manufacturing standards.

4.3 Experimental results and the optimal mixing ration between polyester fiber scraps left over

from the manufacturing process and 100% polyester fabric, based on data collection after the improvement

according to the 1st ratio and the 2nd ratio are shown in Figure 9.
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Figure 9 shows the quantity of polyester fiber scraps left over from

the manufacturing process and the quantity that can be reused.
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From Figure 9, after the manufacturing process was improved and the data in the period of 12
months were studied, it was found that there were 58 tons of polyester fiber scraps left over from the
manufacturing process and 45 tons were reused or accounted for 77.58% of the polyester fiber scraps left
over from the manufacturing process. Efficiency of the manufacturing process measured by yield (%) is

shown in Figure 10.
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Figure 10 shows efficiency of the manufacturing process measured by yield (%) in the period of 12 months.

From Figure 10, after the nonwoven fabric manufacturing process was improved, showing efficiency
of the manufacturing process measured by yield (%) in the period of 12 months, there were 1,792 tons of

100%

5. Conclusion and Discussion

The research aimed to study the optimal mixing ratio between polyester fabric scraps left over
from the manufacturing process and 100% polyester fabrics. Independent variable was the ratio between
polyester fabric scraps left over from the manufacturing process and 100% polyester fabrics. Dependent
variable was properties of nonwoven fabric according to Thai Industrial Standard Test Methods for Textiles
Number 121 (parts 12, 16, 17 and 24). In the test, there were 4 sets of ratios, i.e. 4:96, 6:94, 8:92 and 10:90).
Conclusion and discussion of experimental results are shown below:

5.1 Conclusion

According to the analysis results of the means, the optimal ratio between polyester fabric

scraps left over from the manufacturing process and 100% polyester fabric, 4:96, had the total average
weight equal to 27.5 grams per square meter, thickness equal to 1.07 millimeters, tensile equal to 25.85
newton meters, and polyester fabrics and 1,733.70 tons were used in the manufacturing process or the
yield of 96.7% of the manufacturing process efficiency. Therefore, the manufacturing process was accepted
after improvement had been made elongation equal to 5.05 newton meters, meeting the requirements in

every test result.
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According to the analysis results of the means, the optimal ratio between polyester fabric
scraps left over from the manufacturing process and 100% polyester fabric, 6:94, had the total average
weight equal to 27.9 grams per square meter, thickness equal to 1.10 millimeters, tensile equal to 24.41
newton meters, and elongation equal to 4.40 newton meters, meeting the requirements in every test result.

According to the analysis results of the means, the optimal ratio between polyester fabric
scraps left over from the manufacturing process and 100% polyester fabric, 8:92, had the total average
weight equal to 28.20 grams per square meter, thickness equal to 1.37 millimeters, meeting the
requirements, but tensile equal to 21.89 newton meters and elongation equal to 3.61 millimeters, did not
meet the requirements. Therefore, the 8:92 ratio was not suitable due to decreased tensile and elongation.

According to the analysis results of the means, the optimal ratio between polyester fabric
scraps left over from the manufacturing process and 100% polyester fabric, 10:90, had the total average
weight equal to 29.21 grams per square meter, thickness equal to 1.33 millimeters, tensile equal to 21.64
newton meters and elongation equal to 3.65 millimeters, which did not meet the requirements, except for
the weight. Therefore, the 10:90 ratio was not suitable due to decreased thickness, tensile and elongation.

The analysis results of process capability after the analysis results of the means of the 1st
ratio (4:96) showed total average Cpk value of the weight equal to 2.92, tensile equal to 2.67, elongation
equal to 1.93 and thickness equal to 3.02. The 2nd ratio (6:94) showed total average Cpk value of the
weight equal to 2.83, tensile equal to 7.38, elongation equal to 2.57 and thickness equal to 3.02, indicating

that the process was capable or had natural variation.

5.2 Discussion

According to the study on the optimal mixing ration between polyester fabric scraps and
100% polyester fabric: a case study of nonwoven fabric manufacturer in Rayong province, Thailand, weight,
thickness, tensile and elongation properties were tested in accordance with Thai Industrial Standard Test
Methods for Textiles Number 121 (parts 12, 16, 17 and 24), Thailand Textile Institute. There is consistency
with test methods in a study conducted by Pongsaroge Nimmannorraluk, Pairust Vongyuttakrai and Thanarat
Tavattana (2013) on A Study on Waste Reduction Through Machine Adjustment and Ratio Formulation in
Nonwoven Fabric Material Production, which the same standards were used. The experimental results based
on the 4:96 ratio and 6:94 ratio revealed the properties consistent with the manufacturing process standards
but the 8:92 ratio indicated that tensile and elongation properties were not compliant with the
manufacturing process standards. The 10:92 ratio revealed weight, tensile, and elongation properties were
not compliant with the manufacturing process standards. [3] This is consistent with a study conducted by
Jaroenyot R., Anuntaratanachai S., Sujittamakul P. (2015) to study of the qualification of polymer mixed
glass fiber for the material of the windwheel produced the electric current. The test pieces were made in
70:30, 60:40 and 50:50 ratio respectively and those were tested for tensile strength, flexural strength,
hardness and attrition resistance. Results indicated that slass fiber-reinforced polyester wrapped with

ceramic fiber-reinforced epoxy at 70:30 compositions contained the best mechanical properties. [18]
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Abstract

In this experiment, the Finite Element Method (FEM) is employed to simulate von Mises Stress,
Displacement, and the Factor of Safety (FOS)across three variations of a swing jib crane. The first variation,
referred to as Type-1, incorporated a 12t mm stiffener plate and is characterized by the dimensions
H150x150x7x10 mm. The second variation, Type-2, is designed without a stiffener plate and has identical
dimensions to Type-1:H150x150x7x10 mm. The third and final variation, Type-3, is similar to Type-1 in its
use of a 12t mm stiffener plate but differs in its dimensions, which are H100x100x6x8 mm. This study
analyzes these three types of swing jib cranes through simulation and statistical evaluation to identify the
optimal design in terms of engineering excellence and cost-effectiveness. The distribution of von Mises
Stress and displacement within the jib crane structures are investicated, revealing critical stress
concentrations at the bolt holes. However, maximum stress levels remained below yield stress thresholds
for all crane types. The factor of safety analysis indicates that the Type-3 jib crane is the most optimal, with
a Factor of Safety value of 1.5, exceeding recommended standards. Moreover, considering the mass weight
and fabrication cost, the Type-3 jib crane is the most cost-effective choice and helps reduce cost by up to
10%. The statistical significance established through ANOVA reveals the significant impact of design on stress
distribution, displacement, FOS, and mass weight. Therefore, the Type-3 jib crane is suggested as the most
optimal choice for fabrication. A successful load test of the Type-3 jib crane verifies its performance and
matches simulated test results.

Keywords: Crane design, Structure analysis, Simulation, Finite Element, Jib Crane.

1. Introduction
Due to rapid growth in the manufacturing and engineering industry there has been an increased
need for equipment to support production line processing. Amongst these pieces of equipment, the crane

is of utmost importance. The utilization of cranes in various industries can lead to improved safety and
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ergonomics. Cranes can provide adjustable heights, omnidirectional movement capabilities, and quick
loading of materials. These innovative cranes have the potential to minimize the risk of injury while
simultaneously enhancing the efficiency and cost-effectiveness of tasks. In particular, jib cranes have gained

significance in the industry due to their flexibility in providing lifting solutions within limited spaces.

To remain competitive in this market, companies must consider both the safety of use and the
cost of purchasing cranes as top priorities when formulating market strategies. The application of Finite
Element Analysis (FEA) has emerged as a powerful tool that can be applied to the study and design of jib
cranes [1-7]. Finite Element Analysis enables engineers to comprehensively investigate the structural
behavior of cranes under various loading conditions [8-14]. This facilitates the assessment of factors such
as stress distribution, displacement, and factor of safety. Potential weaknesses can be identified and

addressed by simulating real-world scenarios, resulting in a more robust and efficient crane design process.

This study aims to investigate three potential crane designs based on standard ISO 8686-1 and
ISO/TR 25599:2005 [15-16], including the various aspects related to the analysis and design of jib cranes
using the Finite Element Method. By conducting thorough simulations and analyses, our goal is to enhance
and optimize some of the various factors considered for a crane design. This involves ensuring that for the
optimal design, the jib crane can effectively handle operational requirements while satisfying the following
objectives: maintaining safety standards and optimizing cost by using lightweight [6], cost-effective

components suitable for the fabrication of the jib crane.

2. Methodology
Modeling of the Jib cranes used in the experiments.

The dimensions of the jib cranes were determined with consideration for the functionality, usability,
and comfort of the worker. The modeling of the jib cranes used in the experiments was performed using
the 3D modeling software SolidWorks (version 2018), to generate high-fidelity 3D models [3]. The models
were designed with the objective of achieving high safety factor scores; each model was designed to have
a safety factor greater than 1.25 [15], based on the general recommendation for a safety factor between
1.25 and 2.0 [15]. Each model was designed also to use lightweight, cost-efficient materials and components.
Therefore, the goal of these experiments was to analyze these designs and configurations through Finite
Element Analysis and to ensure their structural integrity before the fabrication process. Here is a brief
summary of each type of jib crane in this experiment:

1) Type-1 Jib Crane (dimension and 3D model shown in Figure 1)

® Column Beam: H-beam 150x150x7x10 mm.

® Swing Arm Beam: H-beam 150x150x7x10 mm with a 12 mm stiffener plate installed at
the top of the beam.
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2) Type-2 Jib Crane (dimension and 3D model shown in Figure 2)
® Column Beam: H-beam 150x150x7x10 mm.
® Swing Arm Beam: H-beam 150x150x7x10 mm without a stiffener plate.
3) Type-3 Jib Crane (dimension and 3D model shown in Figure 3)
® Column Beam: H-beam 150x150x7x10 mm.
® Swing Arm Beam: H-beam 100x100x6x8 mm with a 12 mm stiffener plate installed at the
top of the beam.
Once the 3D models were generated, a Finite Element Analysis was conducted. This analysis aimed
to thoroughly examine the structural framework of the cranes and ensure favorable outcomes for the

subsequent fabrication process.

PL-12t /H-150x150x7x10

1237.00

2754.00

/H-|50x150X7X10

Figure 1 Type-1 Jib Crane; Swing arm beam H-beam 150x150x7x10 mm with a stiffener plate 12t mm.

/H—W 50x150x7x10

1237.00

/H-150x150x7x10

2754.00

Figure 2 Type-2 Jib Crane; Swing arm beam H-beam 150x150x7x10 mm without a stiffener plate.
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Figure 3 Type-3 Jib Crane; Swing arm beam H-beam 100x100x6x8 mm with a stiffener plate 12t mm.

3. Design and Calculations

The steel design method and standard steel design code were based on the American Institute of
Steel Construction (AISC) standards. This design process included calculations for the vertical centroid using
formula (1), and moment of inertia for the section of beam using formula (2). The summarized results of

these calculations are presented in Table 1.

1) Calculating the vertical (y) centroid of a multi-segment shape:

> yiAi
y = S Al (1)

Where: Ai = The individual segment’s area

yi = The individual segment’s centroid distance from a reference line or datum

2) Calculating the Moment of Inertia of a Beam Section:
Itotal = Y,(Ii + Aidiz) 2)

Where: li = The moment of inertia of the individual segment about its centroid axis
Ai = The area of the individual segment

di = The vertical distance from the centroid of the segment to the Neutral Axis (NA)

Table 1 The results are summarized by Centroid, Moment of inertia, and Modulus of section.

Jib Crane Centroid (y) Moment of Inertia
(Swing arm beam) (mm) (mm*)
Type - 1 with stiffener 100 2,939
Type - 2 without stiffener 75 1,641
Type - 3 with stiffener 81 1,108
H-beam 100x100x6x8 mm. 50 383
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After analyzing the results (Table 1), it was evident that installing a stiffener plate to the upper
section of the swing arm beam on the crane resulted in substantial increases to the moment of inertia of
the beam for each type that had a stiffener plate installed. This is apparent in the increase to the moment
of inertia from the Type-2 crane to the Type-1 crane, having an increase of 1,298 mm*. The Type-3 crane
also saw a substantial increase when compared with the H-beam, seeing an increase of 725 mm* to the
moment of inertia. These results are evidence that the addition of the stiffener plate lead to enhancements
to the moment of inertia and also the vertical centroid position of the swing arm beam. The increase to
the moment of inertia contributes to the heightened strength of the crane, leading to decreased deflection
when subjected to various load conditions. The results obtained remained consistent throughout

subsequent rounds of Finite Element Analysis.

4. Finite Element Method (FEM)

The jib crane is generally used for lifting heavy factory equipment and has a Safe Working Load
(SWL) of 180 kg. Therefore, the intended combined load capacity for the jib crane is 260 kg when considering
the design load (considering a safety factor of 1.25 [15]), which accounts for both the live load (190 kg) and
the dead load (10 kg) of the crane’s hoist chain. This ensures that the crane is designed to handle the
combined weight of these loads safely. The structural framework of the jib cranes were studied using FEA
for the three model types. All models were subjected to the same simulation conditions for consistency.
The static load analysis of the jib crane models was conducted using the SolidWorks Simulation software
(2018 version) to study von Mises stress, displacement, factor of safety, and mass weight. The models were
treated as solid bodies with a solid body type. The geometry of the base plate was fixed, having all four
faces constrained at the bolt hole used for anchor bolt connections to a concrete foundation. This condition
of the actual installation is shown in Figure 4(A). The analysis type was set to static, and a standard solid
mesh was applied, utilizing four Jacobian points and an element size of 20.9942, 20.3128, and 19.8283 mm,
respectively. The tolerance is configured at 1.04971, 1.01564, and 0.991417 mm, respectively. The mesh
quality plot indicates high quality; the models were comprised of 68,728, 66,607, and 69,442 nodes and
34,590, 33,438, and 34,872 elements, respectively, and the maximum aspect ratio was 13.887, 20.058, and
20.476, respectively; the created mesh is shown in Figure 4(B). The model and physical jib crane were
fabricated using AISI 1015 Steel, known for its 3,314.08 kg/cm? yield strength and 7,870 kg/m? mass density.
At the end point of the swing arm beam, a perpendicular force of 260 kef was applied (the Safe Working
Load of the jib crane is 180 kg). The model considered the earth's gravity to be 9.81 m/s2 and was applied

to each simulation, as shown in Figure 4(C).
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Figure 4 (A) Fixed geometry at the base plate, (B) Create mesh, and (C) Apply force.

5. Results and Discussion

The simulation results are summarized in Table 2, showing the distribution of von Mises Stress
within the structural framework of the jib crane, along with the displacement distribution across the same
structural framework, as shown in Figures 5-7. These results show that the highest von Mises Stress among
all three jib crane types occurred at the base plate end. Further examination of this point revealed that
the maximum von Mises Stress was concentrated at the bolt holes. However, it's worth noting that the
maximum von Mises Stress value remained below the yield stress for all three types of jib cranes. The
specific maximum von Mises Stress values for the three types were recorded as follows: 2375.89, 2297.46,
and 2191.37 Kgf/cm2, respectively, as shown in Figure 8(A). Furthermore, it was observed that the highest
displacement within all three types of jib cranes was located at the termination point of the swing arm
beam. Notably, the Type-2 jib crane exhibited the most significant displacement, reaching a maximum value

of 11.28 mm, as shown in Figure 8(B).
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Figure 5 Jib Crane Type - 1; (Left) von Mises Stress, and (Right) Displacement.
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Figure 7 Jib Crane Type - 3; (Left) von Mises Stress, and (Right) Displacement.
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Table 2 The results of Stress, Displacement, Factory of Safety, and Mass Weight are summarized.

von Mises Stress Displacement Factor of Safety Mass Weight
Jib Crane )
(Kgf/cm®) (mm) (FOS) (Kg.)
Type -1 2375.89 10.99 1.39 154.0
Type - 2 2297.46 11.28 1.40 140.7
Type -3 2191.37 9.44 1.50 140.2

When considering the factor of safety, the analysis indicated that the Type-3 jib crane displayed a
favorable value of 1.5 FOS, making it the most optimal choice among the three types. This is in alignment
with safety factor recommendations that suggest a minimum FOS of 1.2 [15], as shown in Figure 8(C).
Considering both the mass weight of the jib crane and the direct cost of fabrication, it was determined that
the Type-3 jib crane exhibited a lower mass weight in comparison to the other types. This reduction in mass
weight contributed to a more affordable price for fabrication, making the Type-3 jib crane a cost-effective

option, as shown in Figure 8(D).

The Type-3 jib crane utilized a swing arm beam constructed from an H-beam with the dimensions
of 100x100x6x8 mm, significantly reducing weight per meter. This weight reduction contributes to an
improved load-bearing capacity and is further enhanced by incorporating a 12 mm stiffener plate at the
beam's upper section. This addition improves the moment of inertia and centroid of the swing arm beam.
Increasing the Moment of Inertia increases the crane's strength, leading to reduced deflection under various
loading conditions. Therefore, the Type-3 jib crane offers a favorable combination of structural integrity,
safety, cost-effectiveness, and fabrication feasibility. However, before making a final decision, it's important
to consider any additional project-specific requirements, specific operational considerations, and any other

additional constraints that may not have been covered in the provided information.

MAX VON MISES STRESS (A DISPLACEMENT ®)
3500
_ 15.00
S 3000
3
S 2500 S
g = - — 2 10.00
v 2000 i N
w Z
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@ 1000 J s
= )
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g 500
>
0 0.00
TYPE - 1 TYPE - 2 TYPE - 3 TYPE - 1 TYPE - 2 TYPE - 3
TYPE OF JIB CRANE TYPE OF JIB CRANE

Figure 8 (A) Max Von Mises Stress, (B) Displacement, (C) Factor of Safety, and (D) Mass Weight.
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Figure 8 (A) Max Von Mises Stress, (B) Displacement, (C) Factor of Safety, and (D) Mass Weight.

The results presented in Table 3 indicate that when utilizing one-way analysis of variance (ANOVA)
to assess the maximum von Mises Stress, Displacement, Factor of Safety, and mass weight across the three
jib crane types, the p-value was less than 0.05 in the results for each type of jib crane. As can be seen from
the results, the design of the jib crane has a significant impact on various aspects of the structural framework,
including stress distribution, displacement, safety factor, and mass weight, which has optimal outcomes on
both usability and the cost of fabrication. This underscores the importance of careful consideration of these
factors when determining the type of jib crane to fabricate that satisfies project requirements. The
statistically significant differences observed in the ANOVA results further support earlier recommendations

of the Type-3 jib crane due to its balanced stress, safety, and cost-effectiveness.

Table 3 ANOVA: Single factor

Source of Variation SS df MS F P-value F crit
Max von Mises Stress 34117.3 3.0 113724 15163.3 6.6E-05 19.2
Displacement 39 2.0 1.9 12908.3 1E-06 9.6
Factor of Safety 0.0 2.0 0.0 63.5 0.004 9.6
Mass Weight 382.8 2.0 191.4 179.0 4E-06 5.1

After fabricating the Type-3 crane, performing a load test on the Type-3 jib crane was essential to
validate its structural integrity and ensure that it performed as expected under real-world conditions. The
load test, conducted with a 200 kg load (SWL 180 kg. x SF1.1), assessed how the crane responds to the
applied load and confirmed that it meets safety and performance requirements; the real-world load test

results found the Type-3 jib crane safe to use, as shown in Figure 9.
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Figure 9 Shows the Type-3 Jib Crane; The actual load testing.

6. Conclusion and Recommendation

In summary, after performing simulations and analyzing the results for three different jib crane
types, the results revealed that the Type-3 jib crane, with the 12 mm stiffener plate installed, offers the
most optimal balance of structural integrity, safety, and cost-effectiveness. With optimal stress distribution,
displacement (9.44 mm), and factor of safety (FOS1.5), this design also allows for a low cost for fabrication,
reducing cost by up to 10%. These findings provide evidence, supported by statistical significance, that the
Type-3 jib crane is the most optimal choice among the three tested for theoretical and practical
consideration. Furthermore, this study shows that Finite Element Analysis is a powerful tool that can be
used to study and design jib cranes before starting fabrication. This study showed the application of Finite
Element Analysis in proving and testing a design and suggested an optimal jib crane design with favorable
results. This study can serve as a guide for applying Finite Element Analysis to a potential crane design and
in the fabrication of new designs. It aims to assist in achieving optimal designs that balance engineering
excellence and cost-effectiveness, providing valuable insights for the industry to enhance efficiency and

economic viability in engineering.
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