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Abstract

This research aims to 1. To study the components of energy management in
higher education institutions 2. To develop an energy management system model with
intellectual linking all things to an environmentally friendly university 3. to design an
energy management system with intellectual linking all things to an environmentally
friendly university 4. To develop an energy management system with intellectual
technology that Connects all things to an environmentally friendly university. 5. To
study the results of energy management through intellectual technologies linking all
things to an environmentally friendly university. This research proposes an energy
management system with intellectual technology that Connects everything to an
environmentally friendly university. Which arises from studying energy management
for use in Conjunction with universities And energy management system models are
synthesized by Combining technology with intellectual technology to Connect
everything into such a model. It was found that the energy management system with
intellectual technology links everything to an environmentally friendly university,
Comprising of the following four key Components: (1) inputs (2) processes (3)
evaluation. (4) data feedback By the intelligence of intellectual technology, it Connects
everything that can manage energy to achieve energy savings in universities. Which the
research results can be applied to the university To manage energy to be used most
effectively Sample for research 3 experts in the development of energy management
models and 2 persons in the development of systems, a total of 5 people. Results of
the assessment of energy management system models with intellectual technology
linking everything to a friendly university To the environment It was found that the
input factor Each item is the most appropriate level is the evaluation of value. Long-
term reduction in energy Costs The average value is the most (X =4.86, S.D. = 0.46),
followed by analytics and demand, with the need to reduce average energy Costs

(X = 4.82, S.D. = 0.31) and architecture and technology. In the real-time data section.



They have an average value (X = 4.81, S.D. = 0.33), respectively. The overall average
of the evaluation results of the twin energy management system with intelligent
technology to Connect all things to a smart campus is the most appropriate
(X = 4.57,S.D. = 0.48).

(Total 200 pages)

Keyword : Digital Twin Energy Management, Cognitive Technology, Internet of Things,

Smart Cumpus.
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Flewmutui aardunisnwaiunsailuldiiientsusendandinulussdnsldadied
Usgandnm

1.6.2 ssuutisdfindnenmlunsdndusuinenandansoy

1.6.3 Wuwnmdumsuszgndldnmsdnnsnmandanusmemaluladmadggyidenles
aiiwﬁﬂaﬁmmLﬁumé’aa'%azﬁ'wf‘ﬁ’umﬂiu‘la%’ﬂﬁazﬁu 9 Tunwinenaelau waluladUyan
.31 (Augmented Intelligence) tnaluladdgyqUssiuvgdumesidnideulesasinds
(Cognitive Internet of Things : CloT)

1.6.4 ansailuldussgniiiteldlunisussndandanuimiunisdaniswdasnu
YOINIASHLIU Smart Gride Huduy

1.6.5 Wuwuamslunisiauiszuudanisndanuiiiisadestunisdanisndaeu
sugsia sudieuuagdu q Aaudesnsldanmdsny

1.7 Heudni

1.7.1 52UUNITIANITNEIU (Energy Management System) Ao wuuﬁgﬂﬂ’mméﬁu
Wiensngiata mua wagdieszinislindanuetnaiiussavsnm tnefidmnelunisdie
annslimdanu uuszansalunisdanisndany afsanmuindouiivasads waz
atfuayuaudifureandaany sruufansaldnulivislusziuomsuarseiuamine 8y
Tnegunsni loT waziiuwesaztionnaindeya 4 wwu nislélai gamgd ennuu ey
uasaing doyawariaggnasludaunanlasudmiunisUszanananasnisiaseilunuy
Foalnl ieatuayunisdndulanaznisdanisnislindsau EMs Sarsanarlddnedu
n¥sulusseronuasiinaudidureminginsuonaniisluntsatiuayumafous
waruinnssulunisiauanudng
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1.7.2 walladnadyandumesidniioassnds (Cognitive Internet of Things - CloT)

ALY
a 4

=~ | a s & a =~ a
2 msgmﬂmiizmwflmmﬂizm@ (A LALAUNBTLUAVDIETINES (IoT) LWDLWY

e

AUaEnsalumMaTeideyakaznsdnaulasgmyaainliiuaunsalsing 9 fidousie
fusueSoriedumesidn seuu CloT Wifsaudsiunutaztanasudeyanniduiwes
Tudawandeu usdsanunsaUssinanadeyamaniniu Al ioadsaumneuagaiiug Vil
szuvannsniFeuiandeyauazuusinmaniunisallduvuiBealng Tnglidosiieninis
AIUANINUYBY IALAUVDY CloT Aemnuanunsalunisinduladnlulifilaen1sinseideya
fdudeuluanmnndoniiuasundasly vilvigunsaiuagsyuuannsavhausuiulsogied
UsganSnmuazmouausdliag1esinsy

1.7.3 Ingundaasey (Smart Campus) A9 amwLL’Jmé’aummiﬁﬂmﬁﬁmmimwmi
waluladidfussuuuimsdanisdns q aeluumine de wWiefinuszansainnisld
nineInsuaraiEnmndeufidoron1sdouiuaznisvhauiiuiu neldmalulad Wy
Sumesinvesassnds (IoT) Jayauseivg (A) wazmaluladniedaan tien1snsiadn
Aneh wazauaumslEndsnliiuasnineinsdu q luinenunesednludd svuud
Paglunsusgndandenu udszaninmnnsdniunu afreanuvaseds wazdaasy

Anudiduvesdaindey Tdwuddylumsaduayunisiseuiaensfingm
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A33evinsAnwienalsuazuidemineitesdelUuilumuide See “seuun1sdn
nsndanuaurasienalulagnislygdeulesassndsgdinenundaases ” asell §Ade

A7)

AN Aaseit wazduasest wfn noud Lonans uazaAdeiiAedes teduluanis
Tunsaduenddde il

2.1 N1IANIINANUIRTEL (Intelligent Energy Management)

2.2 walulagn1slayeyn (Cognitive Technology)

2.3 AuNARdvia (Digital Twin)

2.4 Ingnundaases (Smart Campus)

2.5 weluladmatlyadumnesidndeulesassnds (Cognitive Internet of Things : CloT)

2.6 NUIERAETes

2.7 aglionansuaraAdeiiiieades

2.1 NTIANIINA9UDIRTYE (Intelligent Energy Management)
nMsdnnsndsnusasey Wunsmsinnamdsauiiinssuiunisuasinisnaunay
weluladlyan Tnesvuufiienumgaainfisamefiszaunsadnnsndarulildouldosn
fiuszansnndsfosaenadosiunas tnefinsiauyszanuiuesnaisaidovnasuuunn
WeufuRaudimmualinseleliussansesnviimnefidunld
Tnemsdnnsndenusaaiosduazdecsenousemeluladivhaunaunausswing
gUNI8ln 293U (Sensor) fuiedotnedenlosasands (oT) ‘171"%5&3aUszmawauumjmﬁauLm
(Cloud) wagdredaasunisinaulalunisusnisinnisndsauidu Intemet-of-Things
Funannesudmiunsiauiszuunnadusasddyanafidundeudonisduasiiiounse
maedeulm SuldusslonianindnisldusslemivaznsTdndenuainnis Usunadildna
fulasdyaudiannseling LLazmmé‘uﬁuﬁ‘maﬂuQaﬁﬁﬁLﬂu 6 luna lawn nudgndn
WE11U (EGU) wdsaumiiededaynyia (ETU) viheifiundsany (FEU) waaeumiienis
A3 (EMU) vtheglinaasnu (EUU) wagveumiieaisn (EDU)
Tudhuvemdaszuvuasaiadunilvlunisauudomianuggalasianizluennis
FrensesnuuusruuUsEndandsuazdaeliornsusendandnuldinn fafuduios
ddunnitasesduminiisnisuarszuulatedildfunsaueiiioUsendandsnulueinis
Tuwdveuas fenisduminszuulafitnanedniueiasussnnsng 9 Tnesnwuumas
fn3defiAeides wu Imnsermsagnuanudululduaznisdeiuldfendnssuunasadng
dmvoresunszianiielisendandsanuldganiiszuudu o Wedluldfuenans
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Uszamifientiu mnuduiusseninssuulniniiunisesinaeufulssaneng 4 vesenans
suifulselevidmsutinidesunuainainaivsng q Sdedeununefidunumddaluns
UsTRsATINTUsEnSanduiigiudissuuuasainandsnuiiivssansamdesiionnig
20NLUUTTULLASAT a8 Uszianiildfuainisusziansng 1 uonaNIUsTANE AN
vossruulnldesainsorauandsfuluduegfuniseenuuuszuulndesadnadielinnis
Uszndandauveseransiigatu doyauazmaluladnisdoans (1CT) anyunesvas
A1TAUMANIUNR I UEMTUTTUULAAT198RT e LA UM TIANTNNIIUTTaN SUSENdR
WaIUeEliUsEANTA M

ﬁuﬁﬁﬁaw%mﬁmmﬁu%‘mmwmé’aa‘%azﬁmmﬁwﬁ’zgmmﬁav“m5%15@@&3&@%3@&
aunfmduimesiionisuimsdanisndanu Tngamnsaudadulseiiuie nsuimsdn
mMandsnuitiussansam laganninduestislunmsnunudeyanslindsnuvesoins
#1 9 1u n1sTAh nsldndsnudmiumsvhanufeunarssuneeuteu doyawmanil
annsaldlunisfuussnmslindanuliivseansnmgegn annisauues wazdsendn
Funu TumsmuauiaznTageunsiindsnuuuuBalmideanninduroiansiani
wazsreumsldndsunuuissalng vildaunsassylamiliiuiwasandunisudlala
9819590157 stvannisgydendsaudilisndu uaziinsisigiuaznisainnisal
Tnen1ssrustayadnausndugeidisliawisadinsziuualiunisldndsnu way
pamsninudaInandsnuluouanld mssansaifdugiieaslunisnmunisld
n¥suuarnsvenelasadeiuguluineunegavnzay Insusuusssansnmms
vhauwesszuy Tnedeyannidumesannsmhlulfifie v sessvumununslindaa
LU S2UU HVAC (Heating, Ventilation, and Air Conditioning) 2 UUWEIATN4 LAZSEUUIN
$ouluannns silfssuumarivinnuldivssansnmnntuwazannislindanuas denis
aduayunsianisednediduiumsldamnsmdueslunmsuimsianimdsnudisdaaia
msdamsegndsduluineundanios 1Wu nmsannsUdesfimFounsyan nslimineins
wisuegsiinuiuiinveu waznisaiisdwindeuduiingfudaanden azdieiia
Uszaun1saimsldtinvesiisounaziasulasaunindueivisysuusinnuazainauiy
wazAuUaendevesegordeluineun lnganunsausuanimuindeulvimingauiuaiiy
ABINTTVRIL YU LYY N15UTULAIATN N13ATUANRUNAT KATNITIANITNITIUNNDIAS
fufiimsindeaunindurosluinenangideliiinisdauamedosdusznaulunisda
NINEANY AINTTS
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d‘ o L2 a % U o U dgi’ d‘d‘ v Y a
L91n99AU5ENaUTUNISUSMISIANITNAIULIVN UYL UNUNUNT LA DIUS 1S
IANITATUNAINY N IIAARITIRUANSNTEUININUNLAL BIAUTENDUAIAIT9T

A9 2-3 NITEWATITITRIAUTENOUVBINITIRNSNUNTWINenTaRS Y

w 5

w ®)
MANAZES\Z?\I:' AREA é i E % 2 g é < |k g
IN THE SMART E g g § 3| = § = | 5 %

CAMPUS o o S

g

CLASSROOM v VIV v|V v |V
LABORATORY v v v v v v v v v v
LEARNING v IV | VIV | Vv I IV IV I IV |V |V
WORKSPACE
LIBRARY AREA v VIiviIivIivIVvIVvI]VvI|V
MEETING ROOM v VIiviIiviIivIivI]ivI]v]Vv
COUNSELING CENTER | v Vi viIiviIivIVvIiVvI]v|V
PEDESTRIAN v v vV I vV vI]vI]Vv
OFFICE v VAR 2 VA VAR BV IV VA Ve
RESEARCH CENTER | Y v vV I VIV v vV
MEETING ROOM 4 VIiviIivIivIVvIVvI]VvI|V
SPORTS STADIUM | V' | v/ vV I vVIivI]iv]Vv

CANTEEN v | v v I VIV I VvV |V
TOILET vV v [ VI Vv ] v ]V

2.1.1 miu%mi%’@miwé’wwﬁjq;:JH’IWﬁW (Demand Side Management: DSM)
Junsdanmsenudesnisndsnulniniiofiuuszaniammsldndsnulueinns Tnewdu
n1susudseamsldndanureldlminainuatnaiunisnaa g Tauddayiinig
UfuLudeudnune %ﬂmmmmmﬂwawu Imwﬁ‘umaaqummmmaLﬂaﬂuaﬂﬂsm
dieliAnnsldndsnulninegaiuszangam LardLasUN1TaYSNYNE 1 Feazdana
maLuaﬂuizsumamim‘mifﬂmmiwawum;;TL%‘IWﬂmsamﬁmLuumimqmummmmﬂﬁ
n1514 1WA (Demand Side Management: DSM) @1u1sanuseanlailu 2 i@ Ao n19ld
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WEI9UDE1NHUTEENTA N (Energy Efficiency: EE) hagn19a1tiun1snovduasniulvan
(Demand Response: DR)

nsldndsauegaivszd@nsain (EE) azilunisuiulsanssuiunmsldndsanuees
gunsaluazszuy Wilindanuesaslaedlduadnsimiloudn 1w maudsuvasaliain
vaonldiduvaon LED fidhaslimnuainuviiowdn uildndsouidosas msdaadunisly
gUnsallviihUseAvEnimgs wu madentowndedldlwihiifaanniues 5 nadenldnealulad
Ufuanuiaseudedunedines liinaduedosivona §iiu wndesdindn dud nsld
welulafidoulesasswaslunmsmugumsvihnukiueetnedumedidn Wus

mMsfuilumsneuaussnulvan (OR) azwiunsnszauligldluihuiuaeungingsy
viauiuannisldndanulutianatdu q egauszasdndnlunisldfunayssloning
Usgnsainnisuiuildsungfnssutu wu gidrsaalasinsléfutiuaiuayuiiay
(Incentive Payment) aannsanldmdsauliilutisnafifunuvesszuuiiangs uiolurig
ffaudsasnuausiuaseszuuladl Demand Side Management Wun1sdnnisaany
Fesmsndsaulniiiefiulszansamnisldndsanulueians Tnedunisuiudgenisld
nasuvesglilifnnnuaugaiunidandeay nszUIuNIEIUIENaUMEvaEdunay
wdn 4 fail

L A193tAT18RLarUseliun11u@eIn1SnNa 991U (Energy Demand Analysis and
Assessment) NTATIANITIENG WY ATIRdeURarTATIwRUwuU MTldndanulueinis
iioszynandifinisldndsnugeaauaznisldndsnuludiusng 4 ve301a13 In1suseiiiu
Anenmlunisannislindanu leednsigrfnenimlunisannisldndinulaenisusuls
nsvihauvesgUnsailniiuazszuusing 9 lueeis

2. MINAUINIAIATaANTIENE 91U (Development of Energy Reduction Measures)
nMsUfuUsaUsEansnmuesgunsaiuayssuy WasugunsaififiuszAnsnwindegunsaliid

a

Usedninmas wu nislivasaln LED unuvaealiiuuiin msvsulsassuudsuenali
UseAnBamgedu iudu mslfineluladnmsdansndsnu: fadsszuunuaiuazniiagoy
msldndaan Wy ssuumsdnnisndsanlueias (BEMS) fiannsansiadouuazaiununis
Tiwdsmilunanads viemsldmelulafiloasswaslunmsuimsdanslidudnlu

3. nnsduasuNTUABULUAmgAnssuld (Promotion of User Behavior Change)
nsliauuaznisiineusy Wanuuagiinousugliinsafuisnnslindesuegied
Uszavisnm uazlideyaifeadunmsldndsnuluennns nisgslasaznslisstasiiausegdla
Tunsaanslimdsny wu msbissladmsudléianusaannslindsnuldnmdmne

4. miﬂ%’uﬂqamﬂ%wé’muiuszmnmﬁ'mmzau (Load Shifting and Demand Response)
nsthelnanlasdrenslindsnuantrsnariinislindanugeanltisiaidansly
WU 1y nsideunisifiaiedldlniidAundanunnluldlutanainasdunis
MRUANDIR B YY1 NANHIAUTNITNAIY L3 nrsannsldndinuluginiaiiifieaiy
Fosmsndssnigaiietisananszueaszsuuluih
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5. nMsfamuLazUszidiuna (Monitoring and Evaluation) n1s@amiunislandssnuly
wmeluladnisnsreasunislindsnvlunaiais ielfamisafnmuuaziinggsinigld
wdsulfedraseiies uaznisuszifiunalaeyssifiunadnsvomingns DSM fitwnld
doUsuUsuazimunnasmsliliussansnmanndedu

2.1.2 nmsdan1suazaluaunIsldngserulueinis Buiding Energy Management
System: BEMS) tHuszuuiildlunisdanisuazamuaunslindsnilueinis lagldinelulad
mMsdeasuazidumefiielianinsonaaeunazmuaunslindanuludising 4 vesennis
duvuiFoaln nsguiunsvinnuves BEMS Ussnaudievianetuseundn fell

1. nafiufeya (Data Collection) nslHiduigosfndaduiosluiunising 1
¥99971A13 WU SrUUUTUeIMIA SruuLataing wazsedldlvlin ieidudeyanislindsny
uazmsnmsdoyateyannidumesiing 4 asgnsunsuazddussruunanafionsiinsgy

2. N1395IADULALIATIE (Monitoring and Analysis) N1505I9d8 UL UL BN
UV BEMS aansansiaaesunisidndsnulueinislawuuitealngd lnswansdoyauuninge
uanINavsounvuedn lnemslinsevideyalinaluladmslinseideyaiioszyzuuuunns
Timdsunaggaidnsldwdsnumnniuly

3. nMsAuANLarUTUUTe (Control and Optimization) N13AIUANMSIENEIUTEUY
BEMS @111150AIUANNTTVNUYDTEUUA 9 Tue1A1s WU nsUSuanseauLasadnamvse
UFugaumgiivasszuudiuanmanuaninwindeuuwaznsideu dn1susuugsdseaniam
Tnelddoyaildannisinnegiifiousuusessandamnislindaau wu nsiaaainis
auvesgunsalliilviaenndaaiunisldau

4. M3v1esnwkagnIsuInHeu (Maintenance and Alerts) Msungesnwnielasiu
s2UU BEMS anunsaudaiieuiilogunsaivieszule o luenasiimsviaudiliung iels
annsaimsdigesnuliiuig Inmsudufeussuvaninsadinisufaiewdsdunisld
winuiguAuluvdenaindgmluszuuriumedaniedeniny

5. ANIIUULAEAITUERINE (Reporting and Visualization) #in1551891UlAYSEUU
BEMS &31508351951891un s nasaulutienaisiig o waganunsaidssuiisuiuidvung
figsly uazuanmatoyanislindsnuazuanddusuuuunauazuaruosafiinlade el
Aldaninsansivdeukasin e itoyalregeaeain

2.2 waluladaudafddia (Digital Twin)

Aulafdsia (Digital Twin) 1unuaAalaaiulugagnaimnssy 4.0 Tnefigngamune
easrauvuiasaiiousdsiiagiioufvanimuaznginssuvesingmismenin Taglidoya
mﬂmiL%awiaﬁgqaaqﬁﬂmﬁzwjﬂﬁmqﬁaﬁ’uquﬁwaaaﬁ%ﬁmﬁaamm Useidiu uay
AIANITAINISYINUYBIsEuUlABg1wiugn (Boschert & Rosen, 2016; Lu et al., 2020)
dnvardrAguesgulafdsauszneusisninidenlsmisdeyauvuisealnil n1sdiass

wuutaiiau (Virtualization) wagmdruaiunsalunisvinuie (Predictability) @eldlunane
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9NAIMNITN LU N15HERSIaTEY (Smart Manufacturing) WA¥N1TRBNLUUNER 09
(Schleich et al., 2017; Zhang et al., 2020) AuHAATViadANEANE UgIRaN1TUTEENALY
lun15UIn151995% a9l (Product lifecycle management) kagn15USuUs9
nsruIuMIWanluinagns (Tao et al, 2017; Qi et al., 2018)

MsWauIkaznsidudafdtanildiaudidglunisifinuszansainuas
AruanansalunIsuieiy iesnguinddvialiifissussaesmginssuvessruuminty uids
arunsatrslunsdndulonazud g lduuudalud® (Zhou et al, 2020) wenannil
msAnwdatiugrdsanusimelunsiauimeluladid wu msdamsdoyauualug uas
migimmiizwiuqmammiuﬁLLmﬂGiNﬁu (Aheleroff et al., 2021) AurAAIsia (Digital
Twin) fis1ng1usnanmssanuszuumMsmenmidhfvdeyasdauuuSoalmlifieaiianm
$raeaiioussiianinsasviouanmwandon Maie wazmsldneuvesingnioszuuls
oghuiud wnAndiFudulunnisniseina wildvenedaluganamnsausing q Wy mandn
N190DNLUY LLazmiu‘%mﬁmﬂ’]i%wimqa%ﬁqﬁug’m (Boschert & Rosen, 2016) anwag
AUYDIALHARIVIARBANAN T lUMSIAUTIUTIdeYaaInTngassuuEEalndluazlitaya
tilumssraemginssuuazmanisalivanisaidimi Tnswnfsdordumeluladfiunis
F1aeauuy MATgvveyavuinivg (big data) wazni1sussaianauuuaag (Qi et al,
2018; Zhang et al., 2020)

aa v

n15UszenAldauHnAIain1sreefillugna NI sUNaIen1AEIN LU N1TRNLUY
mﬁmﬁm%ﬁ%’um‘ﬁaué’w%’agaa%ﬁa (Digital Twin-driven Product Design) Lagn1TN&s
§9a38y (Smart Manufacturing) Fstaglunisuiulssnssanuazananandsslunisineu
(Lu et al.,, 2020) weNaNG AudaRIadediunuimdrfgluiaasiiandnduel (Product
Lifecycle Management) Fathelunisiamundn fusiuagy3ulgansuantiunimsisaey
wazmamsaifivilalunuuiiealng (Tao et al, 2017) ogrslsAnu nsinaudafanaluly
agunIvaedadianuvicniy Tnglanizn1sInn1steyavunlng NMTYTUINITIZUUNAIY 9
@1 uaznsideusedeyannnansunastiiulusgsoidosaziuszaniniw (Aheleroff
et al., 2021) luawan MagudaRIfaazdunumiinstulunngramnssy Tnsangly
funsieszitaznsdaduladenagns dezhofindanmamisalunsudtuves
89ANT (Zhou et al., 2020)

AwARITA (Digital Twins) lananafisnisimuinaznisusegndldlunagaivisig q
og19az18n 1ae Ji uazanz (2023) evihnsmumuunAngudaiinanayuuoman fo
foya luna 1A3et18 waznsUszndld TasuumimeiiAeidestuanuasndoves
ﬁﬁa;ﬂaLLazmmmmmiumﬁsumaﬁwaﬁzuu (Ji et al., 2023) summ?i Allam & Jones (2021)
lpaSunefsunumvasaudnfivialuilesdaasey Insldvayanuuitealniuazn1siseusves
130slun138AN13M1593195 nsldmdsanu wazanudasadvansisuy (Allam & Jones,
2021) uBNINH FranCo uagAY (2023) IpauenseulwIAndmsUNIHAUAWIART VAL
funiasa lnslewizglunsdanisndaanu deudulgsssuundanusaaiey (FranCo et al,
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2023) Tuns@nw1ves Jamil wagany (2022) lalduisunumvesgunaiivialugnainnssy
0T Tnewtfumstszgndliludiossaaiosuaziedotnensaunay madinnesitoyadugainu
Al Jamil et al,, 2022) vaugsieniu Lu wagany (2021) LaLuni1sns293uAuRnUnfty
szuudaluiAriudulnddvia TngldtngUssAviuuuue (Edge Intelligence) 1ilonsaam
Jaunnsaslunszuiuni1sudn (Lu et al,, 2021) @24 Bilberg & Malik (2019) lad1573n15
Mauniusenitwyydiazueudluaign1snge lngldduladvalunisitaeuas
UFuUanseuIunisane 9 wuusealngd (Bilberg & Malik, 2019) Greis wazAny (2022) la
iuensouudmiuguiafdviaflfinaluladiatiouaiaesy (AR) eifiuannudemguluns
IANITNISNER (Greis et al., 2022)
2.2.1 dnuwazveunalulagaudnsdvia (Digital Twin)

wmaluladgurafdsia (Digital Twin) luszuufisrassuuuingudenszuiunsmia
menluguuuuiaiiouats Inglddeyauuuizualmiileasviounginssuuazaniizveaing
W3eNIEUIUNTIY 9 DEUIILUUEN @mamﬁ’aﬁﬁ@%ﬂ@LLN@@%ﬁaUszﬂaUé’aEm’m,%aaﬂmmq
foyauvuasanns nsdrasuaiieuiiimiuazidengs uagn1saiansaiarmiinsIunng
AATIEVUayaruInlug (Boschert & Rosen, 2016) AuHafAdviadiunumdrdylunainvaie
9AEVINTIN LU MSHARSanTuEianinsaliuUsEAvBannsiauazanaandes (Zhang
et al,, 2020) 53UAIUGAAIMNTTUNITODNUUUNAAS W ﬁiéﬁf@'LLN@ﬁﬁﬁaiuﬂﬁimmaaULLaz
AATIERNTEUIUNTANN 9 Laglidedlinsne1nsase (Schleich et al,, 2017) Uonang AR
Aaviadeliuseansninluni1sdnni9193583anansdaa (Product Lifecycle Management)
Inganunsanianisaiuazuivugenszvaunisadnldniudeyailiainnisnsiaasuly
wuULSEalnyl (Tao et al,, 2017) agalsAnny Lwﬂiu‘laﬁﬁﬁqéf@qLw%ﬁyﬁ’ummﬁwmﬂuﬁmms
Fnnsteyarunlngiuaznisiensiossuuannuansuvas (Aheleroff et al., 2021)

welulaBauinadsia (Digital Twin) fdnwazdilaniunaieuszns Tasamzludy
nMsadnvuitassiiannsaagvieudeyauazaninresingniosruunianeninliogig
wiugriunsdenlesdeyauuvassiimnddunaiads mssreonadioutlifivusiuananim
vidpanurilagiu uidiaunsamanisaluazifinuszdnsamuesszuuluewianlidnenis
Anszidoyauualg (Qi et al, 2018) dnunziruvesguiafdvatiusudsauanusaly
MssuiamdeyauuuEealsl n1U3uUTInsEUINNTYNNY wagmsmansailiymaeudiaz

[
a =

Antuate deavuaifenuddyesiannlugramnssunismindiaissuaznisuinis
fanslassadeiiugiuludiossanioy (Boschert & Rosen, 2016; Zhang et al., 2020; Tao
et al., 2017) Bslunindu madudaddviauldlunsmaunndsaeimunmealulagnngua
aunndilsiugiiu 1y mMsdansszumesyuililenageunsinwnewhluldiuge
959 (Fuller et al., 2020) uwsiimaluladieziiusyloviegnann WANSWALILATYTUINIT
waluladaudnfdviadmandyiuaunimie 1w mﬁmmiﬁ’u%’a;ﬂaﬁwmummmaﬁlé’mﬂ
Ui q waznsinwanuUaeniovesteyalussuuiidudou (Aheleroff et al, 2021;

Lu et al., 2021)
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walulagdurafIvia (Digital Twin) Salldnuazdu 9 Nddydnvatgdsensnetuasng
ALEINTOLUNNTTIRBIUAENITIATIENVBITEUY WeNANNTITUlUgRaInnITUNISHEN

aa v o

wazilasdaasuzuad waluladdulafivadegninluldlugnaivnssusig 9 wu nsdu
LALEINTA N13ABATIS uazn1sILAe Beanansaltlunisdiassaniunissivaznaaey
AsEUIUNISABUTIarALTuA1593Y (Kritzinger et al, 2018) miﬂizqﬂsﬂ%ﬁﬂmammmL?%EN
wazdunulunsiiunulasidiannsauiudsunuuiaedivmsanivanmuindon
yietormuniunnsefuld (Qi et al, 2018) uenaini gudnRdradsdunumandyluns
Waumalulagdmiunisasiaduiazdesiuanudaundlunszuiunisinnu 1w ns
ATIvERUMTTYBNATesdnTeRa N IINLUUGBalns GetiannisvgarrinueanisHan
naztfinysEanBa1n (Lu et al, 2020) agslsAna arwmedid dyfenisinnisteya
yunlngiAnnnwugesie 9 luszuu uaznisysannisteyaiiielfiAnnisinau
ﬁsm‘%"uﬁlunﬂ%’jumau (Aheleroff et al., 2021)

n1sdmalulagaudaidvia (Digital Twin) anldludeauiinisvenefiegrsuinly
marnuaguIuN 1y Wosdaniey n1sguaguam wazn1sianiamineins waluledild
unumddalunistanisninensuasiasadieiugiulufies Wy msdanisnsesasuag
nsldndsnuegiediussansnim nismsiadouaninuIndon \u auameINALaz tio
U%Uﬂqaﬂmmw%mawﬁmwu (Allam & Jones, 2021; Bouzguenda et al,, 2019)
uennil waluladdigninanlflunsuimsdanisasisaing Wy ssvurudmdnny uay
Tassadrsfiugiudu q Asuduludes Tnglddeyanneumesuvuidealmiiieusulganis
vhounaznsindula (Yu et al, 2021) ludhunisguaguain guraidviadinistiunldiie
afanuuitaommeniwyestae JeagliummdaninsonsivaeuuasiingsiaunInves
fUnouvuBealnl audanisdrassmsinviiterfiuanuwiudlunisdndulauazanainy
Ausannissneuuudiy (Fuller et al, 2020) wmaluladidiaunsoldlunisainnisaiuas
Joanulsmaantin yianunsauSukNun1ssnubaegawunzay (Aheleroff et al., 2021 Lu
et al.,, 2020) ﬁﬂmﬁwizlﬁuﬁﬁm%qmiﬁ’l@LLN@@%ﬁauﬂiiﬂuﬁqmmﬁa nsinn1snudgnn
Aunndounagninensiidide wu msdanisszuundanulusssuidudon wu nsuins
famsndaniluidios viemsdaasmdsniluiuiidarudenisgs Ineldaudaninalunis
FravsuazUsuasunslindanuiitelhAnuszavBaimgeqn (FranCo et al, 2023) 910N
Usggndldil gudnddvadsddneninlunisuivlgamnm@investssrsuiiunsdanis
ninenseseiiuszAninm annsAudeminens uasfiuanuannsalunsnouauss
setlymitenaintuludsaegesinsuazulug

msimeluladgudaidsia (Digital Twin) uldludsauvensfogiseilos lifioaus
Tugpanunssuuazmananwity widkluuundu q Wy Madanisanmuindouuasnisgua
auam lufhunsdansninenns maluladguraidsiagnlfifierrelunsuimsdinnisssuy
WS N5 UMt sulaiivseansangeanluiliesdanses lngdudnndviazly
Teyannisuiesuazgunsal loT Wedsziiunslindsnunaziausuuzisusuuganisld
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nFanulifuniian Sesanmsiufomdsnunaziiiuanudsdulussozen (Yu et al,
2021; FranCo et al,, 2023) §ﬂ‘171y’aé’qﬁwmwﬁﬁﬁ’cyiumﬁmmimiaswmaz?qLL’mé’aﬂu
loe WU N1IMIUANLAYUTUUTINTIMavein13as13s Inglddeyanuuisealndlunsusuuny
fuazidunaniaiume Sssannsasasindauazaisudesuaiiv (Alam & Jones, 2021)
uennil AulnRTradsannsaunldlunismsadevaninuande Wy MmTITinALAm
duarvenia etheliSgurandeniisnuaunsanevauesseilymaindeuliete
sanduaziiusyansain (Bouzguenda et al., 2019)

Tudrunisguagunin meluladifunumdrdylunisiaunssuy ' guiladdvauysd’
(Human Digital Twin) sanansasrassaninsrsnievesiire Ingliummdanusainniunis
Wasuwawesssnmeldognausiug wagldlunmmaaeuuuimiansinwineunsinwaie
Lﬁ@iﬁlﬁwaé’wﬁﬁﬁﬁqmﬁm%’ui{ﬂaa (Fuller et al., 2020; Aheleroff et al., 2021) UBNINTA
welulaBgudafdfagsgnilulflunaneasnssy Tasomeluiuiinsnunsifldinalulas
ileLfiunandnInIsinyasiiun sl sideyaanmau anmennia wazALY vV
A11309AMINSNeInTLasiuUsE AN A eeHaNER LA D 1Ty (Lu et al., 2020) SR o
wansliiudanisihgualaddvauildlunisiaundanlunaiefd lidesdunisdnnig
N3WLINT N1395195 AIIAADN NITQUAGUAIN YIBNIALNYATTTY Fetrvadrannudsdy
uaziinannmTinvesiruludinuogsdussansam

n1sumaluladaulafadia (Digital Twin) anldluanrufinwinazuminedeidu
A dnfvulauazddnenimgsludunsimuinisiseuiuaznisuimsianisangly
an1dun1sfner dudandaaunsatdiuildlunisasiawuuitasizessiarsuazlaseasng
fugnusng 9 aeluaine ds wu mednismdsny n1sUngasnwgunsal uazn1sIANIS
nsldauiiud dedaelfanduansauimsianianineinsldesrelivssAndnmanndy
laglanizlunisannisldndsnusazanaldinelunisungednen (Alsaleh et al,, 2022)
uanani ludumaieunisaou dudaddadigminanldlunisdassanunisaifidudon
TueeSyuvsavieannaetaiionase (Virtual Lab) lagainsninasenisnaaeamaingimans
viiomamaaeumimnssilduuuiaiiouss GeelithiFeunazindnwannsonnassvie
Anujualaglidosfianinineinsads anarmideslunisiinisvmeassiianain waziiis
UsgansamlunsiSeudiumsujduiusfuszuuilndifesiuaniunisalad (Greis et al,
2022) Tudunswamnandy waluladidianmsoldlunsiinseideyanisiouives
thanwluguuuugudaddvia SsanansathdeyauildlunisiamiBnsaeu Uulsmangns
Tmnzaufunisousianzyana wazaansainadugninisnsanuildegnausiug (TUl
et al,, 2022) é’wﬁnamwiumsa%wLLUUﬁi’waaﬁa;ﬂaﬁLL;JuETWLLazﬂ'mi’waaqamumifﬁmﬁau
939 waluladgudafdiaiuduaiesdefidquarlunisfmuiguainnisdnwniely
Wn1Inende Ldiigawdludiunisiseunisaoy waAdesuian1sdnn1snsneInsuasnis
Usmsnuneluanufnwiegeiiuszansam
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msdunalulagaunafdvia (Digital Twin) anldluanudnuuazuniingdelaunis
fwuegrseiiios Tnsuenannisliitonsumsdanismineinsuaglassadraiuguuds
welulagigsanunsalifionsiauinszuiunisieunisasunarnisifelunainvane
2191391 Tumunsfing dueaadvagninanldlunisasisiesuifinisiaiiouass (Virtual
Labs) Bstin@nwianunsainnismaasuazieuiiiunisiiassfiadousss vilianunsoan
Funuuazadedunisligunsalats nnfsenunsadifnsGouildanssering (Greis et
al, 2022) uananil AuilaAiviadegniuldluiminendoifewmuisruunisidouddiu
yana Inedeyavesindnuigniiusiunuuagiiassiiiieairanvudiasinisisous
wizauiukdazyana ilvgaauaunsausuUsaIsnsasulasnangnsiinseiuainy
dipamsvestinAnuldinnndatu (Tl et al, 2022) Fegawartiannsoiuldlunsiaunis
yuekadugrsnansinu daelfuminerdeanansossyymioraintuuagduiiunis
wilalaal9aut wu miszhamﬁaﬁfﬂﬁﬂmﬁﬁwamﬁﬁaw‘{’mdﬂmmgm (Jaung, 2022) A3
vimsdansiassadaiugiuresninedofldulsslovinndudnaavia Tasanunsaain
LUUTIaRdMSUNIRTIadeUaNINN1TINIYedenas seuulini wagssuuaissyllng
A9 9 wuusealngl vilinsgenungsuaznsianisnineinsneluavninerdeanunsavinle
ogfiUsyAvEnmuInBely warannsAuAemine nsas (Alsaleh et al, 2022) Faon1s
Hauna1un1ldaudafdialusiunisiiounisaou n15338 ATAISIANITNINYINT
uningdvanansaifinyszansamlunsddunuiazaisanmindouiidaaunaFeus
uazMsiauTinuzyesindnwldegadiud

nsdunalulageuiasda (Digital Twin) wldlunisdaniswaenunigluiminedy
Hunilslunumsifivszansamgdunmaiinanudaduuazannislindsnulaglidndy
Aulnfiaannsoaduuuiasuaiouaiessruundanuiildogluannisuaiudisng q
aneluminerds lasordoteyauvuiSvalndiifurusmaneueesuazgunsal loT
diglviuesiiunazAnnunislindsnulunndd wu ssuuluin szuuvianuou massuie
91N1A UagszuuUTuenia (Alsaleh et al, 2022) mewmaluladeaudafdva uringde
aunsninzideyanislindinuesanden tonseaeuitludnlaveserasvidofiuid
msliwdsnuiunnudidy wagamnsaiuusveuiuasudsmsldanliiussansam
10Ty uonand sruudanunsanianistivasiariiununislindan uilmnzauny
ANINLIATOURALAIINABINITIUYINIAWN 9 ey vilinsTanisnasnuiuseansam
g9t wazanduudundsauldegiaunn (FranCo et al, 2023) uonainil meluladguds
AIvaderiglunsuInIsInmsseuundsunyuIsungluaningde Wy nslindeanu
PNUNAINGINUNALNY WU Tearsiead lagAudnfdviasgnsiaeulariinTgidoyadn
sruundanumand oannislindsnuanundsdy uasiueudaiulunsldndany
(Lu et al., 2020) W nlvumanendeanunsadanmsndsnuldedsiiussansamanniy
anAld91e uarduadunsliwdsnuegadaduiieliidrfuuuimenudaundondiaady
Aadlaluilagiu
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nsdnnalulageaudasda (Digital Twin) wldlunisdaniswasnunigluuminedy
Bunildunmaiiiuszansamgdumafiunuddunazanmslindsemlaglidndu g
ulaRdvaannsnadauuuiasuaiioutimesruundnuildegluainisuasiiufisng «
aeluuminerds lngordeteyauvuiFvalndfifumusuaneuwesuazgunsal loT
dielviuesiiunazAnmunsldndanulunndii wu szuuliih szuuvianadeu mssvue
91N1f kagsruuUTueInIa (Alsaleh et al, 2022) mgwmaluladeudafdva umInede
ansninsideyanslindinuesanden tonsaeuiiludnilavesenasvidofiuiid
msliwdsuAuanudndu warannsaufuusmteuuaenisnsldanulviiussansam
10ty uonand suudannsanianisaiuasiariununislindauiivesauni
ANTNLINADULAZAINADINITIUTINIAAN 9 VeI ilrnsIan1Inassuiiussdnsnin
g9t wazanduudundsaldeg1aunn (FranCo et al, 2023) uonainil maluladgudn
AIvadaelunNsUINITIANITEUUNS UL UIsUN e TuINI NS 1 NslEnasu
INUVAINTNUNAUNY LHU Loa1519a8 IngaulafIiatznsivdeuLasiinsevidoys
MnszuuNEIuMAT Hoanmslindsnuanunasdu wefuauddulunslindsany
(Lu et al, 2020) ¥ilFuminedoarunsadanisndenuldegreiuseansainuiniy
anATldane wazduaiunslindsnuegedduielfidrfuiumesnudanedouiifdady
fendlaluilagiiu

lagnisdinaluladaunaidia (Digital Twin) unldlun1sdanisndesiuniely
uninerdedaivsgloviinfnludunisassasunaziigednwssuundsanuegied
UseAvnm weluladiansadislumsvhuenmsdenanmuiemiudemevesgunsal
WEIUAN 9 LU szuulnii wIeszuuriauseu virlvaiuisanunun1singesnm
Wetaadulaaramtn ann1sngavsinreinisldnundanu wasdnegnisldauvesgunsal
(Lu et al,, 2021) @jLLNﬂﬁ%ﬁaé’qamwmisi’fl,ﬁaa%ﬁaquaﬁ’waaamsl%wé’muﬁﬁwﬁaﬁaamw
undon 1wy Msviusziunslindanunuanimeiniavdeggnia teannislindsay
Tutaeitlidndu uenaint weluladisanusalideyailivannsldmuitedmunsuuuy
nsldndsenuiimnzaulusseren Wy maksanaissUSuoniauiessuuiauion
szvigonaliiaenndosiudrugltavlundaziisian iefinyszdnsamuazannis
AuAoandsau (FranCo et al, 2023: Alsaleh et al., 2022)mAlulag AUNAR TR IA131TE
THlunsideudefuundmdsnunyuidsy wu szuuleariead lnsazaesfnnaiulay
M39dRUNISNAANSINULaENTIduLUUS Ealngd YreliumInerdeaiuisausuauna
msldmdsauanumasing q egndiuszdniam annsilenndsnuanuiasilivguiou
Lazdaasunsldnganuetedafuanndedu (Lu et al., 2020)

2.2.2 saausznauveanaluladruwdnfdvia (Digital Twin)

pefUsENoUAAuaIduinAdia (Digital Twin) duuenainazUszneudieingvie
A3TUINTNNIEAINDT Audladdviadidunuudasnaiion stuumsiBeusiouaznns
Uszananadeyauvuiiealniugy Sismfsesdusznevitisatesdiudoyasuinlng (Big



20

Data) Uyqy1Useing (A wazn153tAT18M89AIANI58d (Predictive Analytics) Faiunuim
dAaglun1susuusansiauvesdudafdIialviinuuiuggwu Jeyanlaainssuy

a

e iTnsiuIngstazgnadlusgulnfdviaiiorhnmssuiananiug wazannuastag
ogsiailes yiliansnasfiounsdsundasasnginssuesingriessuutuldegng
avlduALarQNAaY (Boschert & Rosen, 2016; Tao et al., 2017) asAUsznaudAyBnUsenIs
Aon1stlousieri1u IoT (ntemet of Things) MtdufInataszninaTmgmnisnieniniy
wuuTaesdara Fedeliannsndudoyauvudealnldnaenina doyamardaunsn
thinlflunsiieseidedn deuduusinssuiunsuaginemnnisaiansi wu n1sden
thysgUnsainoufitiymasiatuaie (Qi et al, 2018) wialulad Al wag Machine Leamning
Fagniunldlunisiiasgideyavurnlngiildiuainsruududaidsia vinldaunsa
Ussananauazuiaindoyalusin ioufulginssuiumsinuuasnisdadulaliis ey
Tuauian

n1shusniuretealsenaune 9 lumalulad gula@dsia (Digital Twin) Aedu
runsHEufusTInsruLTiduteunanedu ielifanunsndanimgAnssunaraniugves
Sngrieszuumenenwluguuuudivialsogiausiugy esduszneundn o MAstes lhun
fagnienieamasauudtassidsia nsideusienuszuudumesiinuosasswda (IoT)
nsUsznanadeya Jyanusedvg (Al wagnsinsemidenianisal (Predictive Analytics)
TnsasAusznoumarivinnus il

1. fmgnan1ean (Physical Entity) luuSunveunaluladeudnfavia (Digital Twin)
nuedeng szuu vionsrurunsiiiuaiedaquiafdfagnaiisdusiiiedans Wy
wosinsluaenisndn 0113 srumuy vidowdinsgiiszuunisTanm Saqudriasinds
wuLgoiuargunsal loT iileifusiusindeya Wy gumgil Ay nsiedeulm wio
anugn1sviau Insdoyamariaggndsteluduuuiiaoshavastisdaiios (Boschert &
Rosen, 2016; Tao et al., 2017) IﬂafmqmamsJﬂwwﬁ?uLﬁmméa%agaﬁﬁﬁqﬂumaa%w
wuudtassiusiudrvesguilnidsia deyafignifvldainisueesaziunldlunissuinn
wwuiaeaiiolfaenndeatuanusfiuriaseestaglunatu 4 waevilfgudafdvaaiusa
AansaingAnssuvesinguieszuulusuianle Wy n1saianisalnisidenaninyes
1A3099NS “38n15UFuUTeUsEANSAImA19v9u (Qi et al,, 2018) %ﬁmqﬁw%izwﬁ
fioamssaes Fanzgnindeieisueiuazgunsal oT WoRnmudeyaris 1 iy anmnis
yhau msdnuse msdulin wavaamgil (Boschert & Rosen, 2016) YoyaitldFuainingnis
mennilsifissusidelidulnfdviaannsouansaniuglutlaatuld uwidiaunsodunldide
amansalngdnsluewianlddig 1wy nsaenisainsdenanimmieauidenioes
gunsal uonaind nslfmaluladiyavsshvg (A) waznisifeusvonndes (Machine
Learning) ETx‘i‘U"JEﬂﬁmi‘ﬂimnaNﬁ%@;ﬂaLMéﬂﬁL{Julﬂaﬁj’NﬁUiza%%ﬂ’]W LAZAINITNIUNY
Hoyyarantily Geazangliglinuamnsanaumunsgentigimieuuuaussansnmues
Tgrnanenmlaegnsmungay (Qi et al, 2018; Lu et al,, 2021)
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2. wuudaeshdvia (Digital Model) guiaRdviaagnasnsdulasdamudayaldsuan
fngads Foyatargndudunesraiondioligulnidvaaunsnasiouanimuosing ol
9 NYNADILATTIULIAN smLﬂumilfnamimmm;daLmuaaqmqsmmmmqaiqu,au@memm
(Tao et al,, 2017uuUsIaBIATA (Digital Model) Aodudaveamaluladgulnfaviadivi
i fifunmiaesaiioutimesingriiessuumenisnm Tasuuusiaesildsunssuan
uazmuAulnedeyaiiivaningdsiisueeiiaziaietns loT uwudiassidviaazasiion
WOANTINRATAN UL VRITNGITNUNAITIT (real-time) MW lTa1015an 19U TN
Y9355 UULAE AT TIUAsuLUadlaeenausiugn (Boschert & Rosen, 2016; Tao et al.,
2017)

wuuaesRdvatdamsalilumsinetiyiemanisaifiesistulueuan iwu
mMsmansainisdnusevesgunsal madeNan mueszuy viseaududulunsgeniags
vl uanansnnaunusardanisnsruiunisldesaiussaniam venand nnsld
Jyyrusefvg (A) LLaxmiL‘%auifﬂJmm%a (Machine Learning) gelwluudiassfaia
ansaviulguarBouinndeyailaiuun deifiuanuusiudlunsdiasauaznisitune
Fauvvudrassdidiadiannsanansdoyalusuuvunisdrasaninania (3D Visualization)
feraeligldannsnlinseiuagihandlaaougvesszuuniedngléietu n1svitau
ity Al heliuuuiaesiannsoadsanminadomaionieililunsmnassvidonaaen
neun s lUldiuingass %aﬁaﬂaﬂé’unuuazmmL?}iaﬂumﬁﬁwmﬁa (Tao et al,, 2018;
Lu et al,, 2020) wuud1aesAavia (Digital Model) lulsduiiisnisadranmdnassvesing
voszuumanieniingy uidafueiesflefiannsoldmevuasiauldodieteidomi
foyadiléiuainianads Tnsuuusiasstannsavimiiiiassounisinuvesssuulduuy
Fealny Famneanuiudlefinaudsuuvanintuluingmenienn uwudiaosdaas
sggunaulunig silanunsadhiineuaniuswara s aeuUssansnnvesssuulaed
aztden (Qi et al,, 2018; Tao et al,, 2017)

uananil wuusaesRdviaduduwedesdieddylunsiegiuagmanisaiivgnisal
aamth nsldmaluladUayausedvg (A) LLazmsﬁauiﬁJaam%q (Machine Learning) %3¢
Wsdneuanansalunsuszananateyavuialnguasdudou viliamnsaviunongingsy
yeaszuvluauIAn 19U n1sAnnisalligminisdnuse nsdentiss wienisideuanin
vosszuuing 4 nefianansaviliinisdadulaviensmausumsvhaudiauusdudunndu
(Tao et al,, 2018; Lu et al,, 2020) wuudnasshaviadsdunumdrdgylunszuiuniseaniuy
LaznagaURaninviesruuvd Inganusalduuuinasmdvialunisdiassan e svinau
g 9 AfnnaTsenawdgydeunisirluldaiuats vildamnsaszygaunniemedym
flonaiAntuliamih Sediananudssnasiunulunswdn (Schleich et al., 2017; Tao et
al,, 2017)

3. AsLieuRaNIY loT (Interet of Things) loT ﬁmﬁwﬁL%auimaﬂﬂﬁaimuma%

fifadauuingnanisamiuiuusiaesiava degafifununuaneusessgnddlud
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szuuguiaRiTaegsraiiies doyamarignianldlunssuien dudnnivia iiteliaonades
fuanuzuazNgAnIsuAUvasvesing Intemet of Things (IoT) WWussAusznauiid1Any
Tumaluladguinfdsia (Digital Twin) Tnsvimimdusanarslunisienlosseninedng
yInBAmAULULSIaasRETA o Usznaumewnsetisveusueesiazgunsaififameuy
fgasaiiesumudeyalunatais (real-time) lidnazifudeyaiivafunisinnuves
oadng maedeulmn gumind anudy vietladvdy q feyauaitazgnasiudumedids
Wiuuudassddaierinssuinnnazuanssaaniuzagturesing (Qi et al, 2018;
Boschert & Rosen, 2016)

M59i9uves 0T Baeliguilnfdviaauisafiamunisiasuulasesssuulauuy
Foalngd vinlsfanunsadinsesinaruiulsaUseansainvesnisviauldedisseiiles
uananil loT faumundrdnlunsifutoyadedniiarmsailuldlunssuiunmsinsey
F9A1an13a] (Predictive Analytics) Betaslun1sannisaidlqgmvidemnnisaifienaiiniu
TuewiAn 1u M3idevan nesgunsaiviensgentissnsniu (Tao et al, 2018) se
\3ete loT Tidenseszninaingaiauarduinidsia Teyaildsuainsuwesliifiousvae
YFulsansianuvesssuulutdagdu widsaunsagrgligldauaunsainseiwazindula
Idogrsutugranntulunisununiouusensrurumslusuian (Lu et al, 2021) N3
#191U89 Internet of Things (IoT) Tuse Uummﬂmwa (D|g|tal Twin) Lladndatanie
msmaﬂawamsvmwmmmqmamwnmwumaamwaLmuu widsilunumddgylunis
Fouloagunsainans  Mdrseruiieairsszuudeyaiinseunauuazfusyuy loT gl
doyanineumeting q ARaksuuing 1wy mstagamgll nsduasiiou viensnsaady
wssdu annsadneleuludunietnefivalduuuiFealn dogadldanmadonsotaieliig
wepfATRanusaUTEINaNaka AT IERtaYalaul uavyilanunsaviuevsea1anisal
arwfinUnAfioraiAntuluounan 1y n1sdenaninvesgUnsaivionudumaivessruy
Fathlugnisdanisdentrgudadesdy (Predictive Maintenance) agafiuszansan
(Boschert & Rosen, 2016; Qi et al,, 2018) uananil loT SsaunsavinliszuuguinAaviad
anuBaneuiazanansauiudliity mszdogaiiivldantagaivluaniunisalsing 1
annsagninnuiuldlunsifisdssansnmnnsinnuvesssuy videldlunisuiuusanis
siiunuvesgunsailduuuidealnsd d1 svuu 0T dfmmnsndeusiofugunsaiuarszuudu q
Isfegnadnene silfanunsafiunsiausuiussritaats 9 seuu wu lugnanmnssunis
WAn M3dansleadanioy Wiensmunundssuneluesdng deielvinsdndunuduly
g9 UTULALIUSAVBA Mg sgn

4. msUsvananauazilaszsideya (Data Processing and Analytics) 1leld3udoya
1nTnnass deyatuazgnuszananauasiiengilagldnalulad Al wazn1sinsieiids
AAN5al Al 9ggreUszananadeyadnuIuin wazamsansaduuliduiilivng wie
Ainnevisuuuumsvhavluedniteriusaaunisallusuian 1wy n1sainnisalnnsdnuse
¥9a1A3099n3 (Tao et al, 2018) N15UsTANANALAEILATIZsToYA (Data Processing and
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Analytics) ifudnddnfluszuuguiaddsia (Diital Twin) fimihiisiuruuasdanisdeya
flFnniwuwesuazgunsal loT ARadsuuingrianisnin dogamanignuszananatis
sndadtelianunsnagiiouanmnshauvesinglusuudealng msUsznanaiifedos
funsdanisdeyauuinlng (Big Data) Aflaanududeou wagnisldinaluladdugs 1ty
Hyanuszivg (A) uaznisiFouiveanias (Machine Leaming) Tunsiinegvideyaidsin
WonsradunuilduntemiuiinunffieatAndy (Tao et al, 2018: Qi et al, 2018)
mslaeRidaninmsnl (Predictive Analytics) Badudruvilmasnszuiunsi Taelvigusa
Advaanunsnduiemgnisaiasfntulueuian Wy nsdnusevesgunsaivions
Aouan1muedsyuy Teaglunisisununisgeuiisudsdesiuldegiadiuszansam
(Boschert & Rosen, 2016)

uana Nt MadieseiteyaditieUiusintsihnuressru LAz sEAnsam
n15kinsnens vinlinssuiuniseng 9 lunisuda n1sdnnisiliesdaaiess n39n15AIUAY
spuundanuanunsavhauldegisusiuguazsoiiles (Lu et al, 2021) MsUszananauas
AAT1Evveya (Data Processing and Analytics) lusgsuuaulafavia (Digital Twin) A3
Fudounariiunumdrdylumsilissuvannsaviauldededivszansam deyaiiiv
PUTIWNNwUYesiazgUnsal IoT gnihasunsUssnanaetnazden eulasdeyadiu
T dudeyaiiiisslon Inenssuaumsilindosodamelulagnmsdanisdeyavunalug (Big
Data) ﬁamwimiaq%'w%mm%’agaﬁmaumﬂmﬂwmml,wa'aw%famﬁuiﬁ (Tao et al,, 2018)
wanaInis gatin1sunnaluladUgyiussAvg (AN LLazmiL%uﬁﬂJaﬂm%m (Machine
Learning) inldlunsiiasgiteyaiildsu lngszuy Al amnsansaaduuudliiy wdeninu
Anuniludoya shlvanansomanissivmmsaifieniiatuluewien wu msmamsainisdn
nsovosgUnsninionindouanimuesszuy Tnenszuaunstinligldeuaunsnuiuuss
mMhauvesszuulsegsdeliles mmaww%msmauﬁLUul‘lJasmmUsvammwmmu
Lidazfumsnaununistenthgs viensdnassmineinsiimunzas (Boschert & Rosen,
2016; Lu et al, 2021) MTIATIzRFeannsalfadreligldauaunsnananudsuay
Funu lnenaadsundoudmiumanisaifiorafntuaiami wu mensumunsgouLe
szuuneufitymaziiatuas fafunaesuaduanudaveguuazanuideielunisva
VDITHUUAUNARVIA L UTEEEE

5. MFAATIERTIAAN158l (Predictive Analytics) guilnadsialddoyaiuszaiana
20U Al uaznnsidudveciaies teadansinseiidsaianisal Faaunsassydymii
p1finTudren 1wy mstigednundedetu Suasandildinglunisdouusuuasiii
UszAnSnimn1svinenuvessyuy (Qi et al, 2018; Lu et al, 2020) N153ATILMTIAIANTO]
(Predictive Analytics) lueasdusznoudidglumaluladaulafdvia (Digital Twin) lagyin
iifidreennisalgsiniedgmitorinduluouian d1enisuszananadoyaain
wugesuargUnaal loT wuuiFealnyd nslesieideondenisiioudvesaiaes (Machine
Leamning) uazUayay1usedug (A) lunisuszuianateayadiuiuuin Wiofumuunlifuuas



24

g‘dLLUUﬁaﬁﬂ%TﬁLﬁuﬁqﬂzguwﬁﬁwé’mLﬁmsﬁu Wy Msidouaniwvesaunsal nsdnvseved
1A3994NS ‘vﬁammﬁmﬂﬂaﬁmaﬁﬂﬂgjmmé’umawmszw (Qi et al., 2018; Boschert &
Rosen, 2016) mﬁmiwm%qmmmmﬁmaiﬁsﬂ%qwuawuwsaanLmumsﬂwgﬂ%’ﬂmL%q
Uasfiu (Preventive Maintenance) laog1afiuseansnim laganunsadiidunisgouusuvse
Usuupsszuuneuditymasiintuaie ildaansmeavsinlunsvhay waeiuanudsdu
vosgunsal MeTeilisasanduyunstissine esnanmsadestunmadenis
fiAntusuulimefn Flinsiansmiwenaduluegaumngaumndstu (Lu et al, 2021)

MTIATIERTIAINN158l (Predictive Analytics) “Lumduiasmuﬂmwa (Digital Twin)
funumddglunisifinusavsanuazanutndedeveszuu iesanannsanianisal
PouFensdsuntasiionaiintuldlnedanndoyasieildfunneueesuazgunsa loT
s Teiteyasiuauan nsvviumsiaelildouamsossyuunliufionadilug
Aanuauvaviselaymiluewian Wy nsdnvsevesgunsal vselamsudseansnmlunis
¥$1391% (Qi et al, 2018; Boschert & Rosen, 2016) UBNINNITTIBAAAULALIUALAIIN
SULVAIVDITEUUED NITHATIATIAIAN ST ANE A TuNIT9190HUN ST 95N
tlosfiu (Preventive Maintenance) detelansnsasiiunisdonnsnnievigednunls
Tunanfimungay Tnglidesseaufnanudenis uonanidisannismgaveinlunis
duflunuuazanmlddiglunsthadne Safuvssloviogannlunsianmsszuuiidudon
wagddey wu Tugnamnssunsudn n1sdu uagszuuasnsyUlam (Tao et al, 2018; Qi et
al., 2018)M AT R dImansaifelisruuinnuBanguuniu Wesmnausausuda
doan nwndaunioaniunisalag o fenadsuwladldlusuian Wy n1sWdsuwlas
ANNNAA NN TS e SWAsULUasANNSBenslunsTdeu (Lu et al,, 2021) URHG
feseildddanunsniluldlunisdfuansiiauresssuunasfinauusiug,
Tunseinaulalusgiuidanagns dehsaiuaiumuannsolumswstuvesesdnsldegis
Faiu (Boschert & Rosen, 2016)

asulénn weluladgudnidsia (Digital Twin) Wunsadauuuirasaatiousssiiasviou
WOANTIUWALANULVOIINEVTOTEUUNINIEA N Insanfetoyaiiualndatnyuigesuagns
Fousenuszuu Internet of Things (IoT) iilelwau1sndiasanazaianisainIsinaues
ssuvldegrawiugr aluladigninlulflunatsgnaivnssy 1wy nsudadanios
iesdaaTor M3danIndanu wazn1sguagunm Fareiiinyss Ansamlunisiey an
AuAss wasfiuauanmsalunsaansailymaiam waluladiondunisiasgh
139A1AN150l (Predictive Analytics) saufuleyayrusehivg (AN LLazmiL%uﬁmaqm%m
(Machine Learning) iilethelunisdndulaiBsnagninazusulgaimaiamvesszuy egnalsh
p1u msimuwaluladdfinadauimislunisiansdogarualuguagnisysuinis
foyannvansunaslidmnuseilomasiiuszandnmgsgn MahauimiuresesiUszney
wanieliguilaidaaunsaviinuuuudealnd asadeunsinnuesszuy uagihng
dadulaffiuseansain 1wy n1sufuUsanszuIuns madentisudedesiu wagnns
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Uduasunmsianulimnganivaniunisel Taensld Al wazmsiinngiteyaiduila
drdglunisifinauuiudlunisiiuisuaznisnevaussredaiuniselluasuias
lnggauszasAvaniun1saiauuuiassalioussavasingrsoseuumenenin laglidaya
MnmsdeusauuudesmaseninedigiiiuLuuiaesiava doyatgniurldlunisiinay
Usziliu wazAInnsain1sinuvesssuuegausiug msilessoruszuy loT vinlsideya
Boalvsignasludiguinidsia Fsanansndrassuazinszinginssuvesingle nuazdrdny
yeamaluladiiuszneudensiasuailon nsUszananatayavuabvg) (Big Data) waznis
Arseidenianisal (Predictive Analytics) ildiayarusedng (Al LLﬁ%ﬂ’]iL%EJui?JENLﬂ%I@Q
(Machine Learning) Lﬁav‘l’mwﬂmmﬁmaLﬁmsﬁuLLa3Lﬁmﬂisﬁw%mwmsﬁﬁmuﬁuaﬂizw
(Boschert & Rosen, 2016; Qi et al,, 2018) waluladigninuldlunarsgnamnssu wiu
N1sNARgIRTeE N5IANITNEIUluedRTeY LaznITQUaaUAIN 1ABNITIIUIENTS
Feuan muazuiuunszuunsliaenadesiuaninandes vl guladaviaiiunum

1%
ad v 1

drdgylunisanaudssuaziunu egnslsionu anuimelunmsiauweluladidinegi
N3IAN1SToYAULIA LA NTYITINITIZULAINTAILUNAS

2.3 wialulagdeygy1 (Cognitive Technology)
waluladigi(Cognitive Technology) L‘flumﬂiuiagLﬁEJ’JﬁJUﬂ’Nlliﬂ’NNLGﬁWIQ
flapnidsuluumainuvesausyudiLIBNTIe 9 T8 MIUTHNANANWIETTIVIR
msinilosteyauaznisandiguuuuiidiiledduiifiauaansalumsinnudila Seud
BIRANINIANN 9 819U MITUT N19Feus Mstivene wazn1sunUamieia 9
nann1svestygusehvg (Artificial Intelligence, Al) Lﬁuﬁﬁaﬁmamqwmmma
aiw SwdOnensreufinees adinaans adf 3nine1 nwieans Usvauasdu 9
mseBuevdnnsves Al Sududesaseunquvanedifivesnisinuuarideluanand luns
fenuuazUszinnues Al feaunivfifrdesiumsainaaznsimuiedesinsfianunsa
vhauvednmilounyudly dusimdsnmsuszanananiw msuitam msSeuiuasnisivl
Fauvseenifiu 3 Uszinnves fe
1. Narrow Al (38 Weak Al) 1Ju Al fleenuuusiiiiesinanuianizesis 1wy ssuy
wugidaly Netflix 38 Siri
1.1 General Al (38 Strong Al 1y Al fiflanuansnsaifisusinfuayuslunndu
Felutlagtudilifishegieves General Al
1.2 Superintelligent Al Liu Al fifimnuansnsawmioninuywdlunndiu foidy
mnAslusuandidslaidnsianunluiagiu
NANNTAIAYVDY Al
1.3 Machine Learning (ML) 1¥uanunilsves Al fifunisiaudanesiinuas
wadliafivagliedosinsanansniFoudandoyald Ineglidesgnlusunsumnlaetane
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1.4 Supervised Learning n3i3sufuuuiifaiuau deteyaildlunisilnaziitie
MU (Label) U M3dunnmn

1.5 Unsupervised Learning n15i3susuuulsififaivay dedeyadildlunisiln
aliifitheiniu wu msdungudeya (Clustering)

a

1.6 Reinforcement Leaming n1313ouifilaiosdnsaglaiusisianiolnymny
msnspyiluanmwindensing q eliiAnnsBeuiiafan
2. Neural Networks (NN) tussuuii@sunuumsviinuvesase sy dalsznause
wadUsvam (Neurons) Mideslasiudutu q Inefinns Deep Leaming Wuanwdesves
ML 74 Neural Networks fifinianedu (Deep Networks) Litevhnisiieusaindeyaiiil
ANUFUTaUES
3. Natural Language Processing (NLP) 1Jua191984 Al ﬁLﬁaasﬁaaﬁUﬂﬂiﬂﬁﬁmﬁué
syrinmeumeuazayudlaslinwsssund Ssrufamsinngidenny nsaiantw
wazNILUanIe
4. Computer Vision 1uawives Al fiieadestunsilineufinmesaiuisadila
wazlszanananmuaginleainianaeuents wu n1s3atuni MInsinduing
2.3.1 daneiiulazinatind1Agy
2.3.1.1 Decision Trees §anasfuildlunisdndulalasnisadranuuiiasinis
snaulaidusiuld
2.3.1.2 Support Vector Machines (SVM) LMﬂﬁﬂﬁI%ﬁ’mgUﬂ’]iﬁ’]LLuﬂ“E’J’EJ;ﬂa
Iﬂ&JmimﬁuﬁﬁLLﬁasﬁagaaamﬂuﬂ&jmm 9 Support Vector Machines (SVM) 1udanesiiu
TunsBeudveandesignlddmiunsduundeyauaznisannes (Regression) Insiamniy
’e]EJ'N?JIﬂum%T’]LLUﬂ%@Haﬁﬁﬁﬂwmzﬁmﬂﬁa (high-dimensional) #8nn1991197UU89 SYM
wiufnsmueulen (Hyperplane) fudsngudeyasenainiulsegisiiian
NANNTHALITNTINUYBY SVM
1. vénnnsfiugiu Tag SVM satuiinismasuwaiuvsngudeyasenifuasangy
Tngveuiuniidngaazifuveuivaiviliszesinsssnitsveuiuniuaadeyalndiaeluusiay
nax (1F8ni1 Support Vectors) 1nnilgn
2. 11311 Hyperplane ﬁasuauqumﬁLLﬂQﬁuﬁﬁagaluﬁﬁuawaﬁmﬁlﬂuam&hu dusu
Yoyaiiarusanenssniduassnguliod1sdniau (Linearly Separable Data) 9ziinans
Hyperplane ﬁamﬁmwﬂﬁﬁaga%’ Wi SVM agLaen Hyperplane fif Margin gega (Margin
ADTEZYINTENIN Hyperplane iU Support Vectors)
NM5¥uTes SYM
Fumoudl 1 nMsiden Hyperplane
nsiden hyperplane Mvsnzauiigrazyilasnisuitaminisifiuveuiun margin 49
ansnsodeuduilymnismenan (Optimization Problem) fsil
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2
maximize ——
1wl

Tnedl W flsnawmedvesiminiituafianiawes hyperplane uaz |lwl] fovun
YoIAMD SN

Supouit 2 M3witlayvn Quadratic Programming Yauvn1si Hyperplane il margin
gagnanusaulaalutgpmnismaAtgeaavesilaidurindsees (Quadratic Programming Problem)
Tneifindadia (Constraints) Trifugndesaviann fai

Yi (wexi +0)21Vi

Tnedl yi Aatheriuvesteya (Label), xi Aanawmesvastoyauay b fe bias term

3. K-Nearest Neighbors (KNN) wafiaiildlunisdnnguviesuundeya Taonism k
feeafilndiAssiian

IINAITNUNIUITIUNTTUNUT FaLsuvasmalulag Uy Lmiuiagl,ﬁ'mﬁmamﬁ
audladuauiinemansresiamesidsunuunsvinuveaesyudiiuismeing 1
FIH MIUTTUIINANWIFTTUNAN TV TDToYakaN15ININFULUU A1AT1A8iNaDE19
unreIsnsfiuyudlaneuiumaluladlnoiomzlusnuvesszuudnludiniaFeudvecaios
wazmaluladansauwme

Cognitive Business
When your business thinks, you can outthink

Deeper Elevated Cognitive Cognitive Intelligent

human expertise products & processes exploration

engagement services & operations & discovery
L RS ¥ T . N § EER. W

[y

A

ai 2-1 walulagdyaniunsuszgndldanunueiig 9

Cognitive Computing 5@LﬂuLLu'mwiumiﬂiw'sama%’aaﬂa ﬁﬂ’l'ﬁﬁ’]ﬁl’auﬂﬁwaﬂ
Joyauusedng (Artificial Intelligence) fiaauanunsalml q Mdindanlagldnisinsei
A nsuenuegluntl nMsleseiatwuazane waadealuteninu aaenauienis
AneiindsavodnuazeIsuaivnaniw (Tone Analyzer) Msiasigorsunianuddn
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(Emotion Analysis) nsUszifiumnudss ssuuthedadula vav widisuluiesuseney
e 5 aghe e

1. miﬂizmamaLLaﬁLﬂiwﬁ‘ﬁa;ﬂa%u’mWfﬁ (Big data & Analytics)

2. Ugyusehing (Artificial Intelligence)

3, 3”UUﬁL%’11ﬂﬂ11ﬂﬁﬁiiuma A LA WuuReniunywe (Cognitive Experience)

4. mifmmimﬂmwmiwmmsﬂaﬂ (Cognitive Knowledge)

5. Iﬂix‘iﬁi’]ﬂWU%’]iﬂ,UﬂWiﬂi”m’sa&la (Computing Infrastructure)

Juse wﬂs”mamamamaLmeﬂmwmwumumaammﬂLmeqquﬂmmﬂivwﬁ‘
NS IEUUT mamazﬂ;ﬂmmi‘mmivwmmmLsauﬁ wenudeya wavanusavinlideyai
asimwuuu finouA1 (Making sense of data) Lwamﬂwﬂm’mmmmLsuﬂﬁ]msuamawuas
L‘Uummumnim TuLaaﬁmeﬂuﬂuwLauammiﬂnmﬂﬂmmﬂﬂmimﬂﬁiunmL@&J’mu wazds
P ngilagiaunulueenng

- D&

d’

2.4 Auelapdnia (Digital Twin)
2.4.1 ingusnfnvesnaluladaurafivia (Digital Twin)

AuNAAIsTa (Digital Twin) iuunAnilanwivlugrgmanmnssy 4.0 Taeiigasssneiiie
ahauuurasnaiioussiiasvioufvanmuazngnssuvesingnianisniw laglddeyaanns
L%maﬁy’ﬂaaaﬁﬂmaiwdwi’mqﬁﬁumei’waaaﬁ%ﬁal,ﬁaammu Uszilly wazA1nnI5ed
N1SYNNUTRIsEUUlABE19IUEN (Boschert & Rosen, 2016; Lu et al.,, 2020) dnwauzd1Agyuos
AulpRIaUszneUmenadenlssmsteyauuGealsl msdiaswuuiaiiou (vitualization)
nazALarnsalunsyinung (Predictability) @dldluvansgnamnssy Wy msudndaaioy
(Smart Manufacturing) Wagn15eenuUUNans et (Schleich et al., 2017; Zhang et al.,, 2020)
AuKaAIadadiaulavgugaien1suszendldlun1suInisiaastinudndue (product
lifecycle management) LLazmi‘U%’wiaﬂizmumsmﬁmim%aﬂaqmé (Tao et al,, 2017; Qi et
al., 2018)

mMswaLazMauaRdviaulnmddy lunsfiaUsE S ey euaansa
Tunsutedu ilesnguiaddvialiifissusisaomeinssuosssuuningy widansndelu
nsddulanazuidanlduuusaludi (Zhou et al, 2020) wonvnil MsAnwITuugd
arwsimglunmsianmaluledd Wy nisdamsdeyaruelug waznisysannisseuuly
qmammamﬁmmﬁqﬁu (Aheleroff et al., 2021) duraRIa (Digital Twin) 15913 1ULNAINNTT
wenuszUUImen i Audeyafdvanuuiiealnsiteatrsnmdrasuaiiousiafianisn
aviauanImuanden myhou uwarnsidmeuvesingvieszuulfosauiug) unAniisudy
Jumsnseniea wildvenedludemaunssudng 4 Wy kAR MIBONLUY UaEMIUIINT
Fan1ssvuulaseadiafiugiu (Boschert & Rosen, 2016) aNuUZLAUYRIALIARTARD
aannsnlunisfusussdoyasningetwuuEsalniuaglideyatulunissiass
ngAnssunazaansalivgnisaiaami lneuwndadedomeluladiumssiaonuy ns
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Iasndeyavunaivg (big data) kazn1sUszadanawuuaanIf (Qi et al, 2018; Zhang et
al., 2020)
n1sUszenAldaudnfaviainisuengiilugnavinssunalgn1AdIu WU N1508NkUY

HAnAugNTuAfouniedayafavia (Digital Twin-driven Product Design) kagn15u&n

=

§aa38y (Smart Manufacturing) Fstaglunsuiulssmssanuazanainandsslunsiney
(Lu et al., 2020) UonaINEl AudaRITadsdunuimdrAgyluleasiiandndue (Product
Lifecycle Management) FsthelunsiamndndusiuazUfuussnsnansunsnsaaoy
wazaransaivilalusuuisealmi (Tao et al, 2017) agslsfinny N5 AuNaRvia 1Y
ggunIvaedaiianuvicmie laglanizn13inn1steyavuinlie) NSYSAINTTTEUUMAIY 9
@1 uaznsideudedeyannnansunastiulusgsoidoaziuszaniaiw (Aheleroff
et al,, 2021) Tuawian AAidurPRIVRdiunumAineTulunngaamnssy Tasamgly
fumsieseinazmsinduladanagnd dsaztheifiudaauaunsalunisudeduyes
839AN3 (Zhou et al., 2020)

ALHARAdva (Digital Twins) lindmdsnisimuiuagnisussendldlunateanuinig o
og13aztdun Tag Ji wazans (2023) levnsnumuluifngulafdaandyuuemdn Ae
foya Tuna 1A3e918 waznsUszendld Taoituanuyhmeifedestumnulasadoves
ﬁﬁa;ﬂaLLam’ammmﬁﬂumiﬁumaﬁwaﬂizw (Ji et al,, 2023) Youzfl Allam & Jones (2021)
lpaSuneisunumvasaudnfadvialuilesdaasey Insldvayanuuitealniuazn1siseusves
130slun138An13N1593195 nsldmdsanu uagauUasadvansisae (Allam & Jones,
2021) wenanil FranCo wazAg (2023) IflauenseunuiAndiniunisuau dudnnaviaui
AULALISE TagnLlunIsIANITNEIIIU Lﬁaﬂ%’Uﬂqaszwwﬁamué’aﬁw (FranCo et al,,
2023) lun1s@nwves Jamil wazauy (2022) Maldutiaunuimvesdulafidvialugnanssy
0T Tnewtfumstszgndliludiessaaiosuaiedotnensauay madinnesidoyadugainn
Al Jamil et al., 2022) vaugifganu Lu kazane (2021) Taiun1snsiaduainuRaund by
sruunludRudurafdvia Tnglddygyruseiviuuurey (edge intelligence) \flensIan
Jaunnseslunszulun1sHan (Lu et al,, 2021) @71 Bilberg & Malik (2019) 1ad1579n13
MauIniusenityediaziusudluaion1snds lneldaudafdialunisitassuas
UFuUgenszuIuni1sang 9 wuuiSealnd (Bilberg & Malik, 2019) Greis uaganiy (2022) 161
iuensouudmiugudafiviafilfinaluladiatiouaTaaty (AR) ileifiuanudaneuluns
IANITNNIINEGS (Greis et al,, 2022)

2.4.2 dnuyaizvaanalulagaulasdvia (Digital Twin)

wmeluladguiniadia (Digital Twin) iuszuuidiasanvuinguionszuunismig
moamlugtuuuiaiiouass InelddeyauvuiSealnsiifleazviounginssunazaninzvesing
W3NIEUIUNTIY 9 DU @mamﬁaﬁﬁﬁﬁy%q@jLLNmﬁﬁﬁaUszﬂaUé’aEJmiL%mﬂmwm

[ [

TYALUUADINIG N13TIReailauNlANazdenas Lagn13AIANITAIE1NTIHIUNNT

a [

IAsIEnveyaruinlng (Boschert & Rosen, 2016) aAudaddviaiunumddgluainvate
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gRENMNTT LU NManAnSansesfiannsnifindseavamnshaunazananades (Zhang
et al,, 2020) s2ufslUgAAIMNTTUNITOONLUUNEAA U ‘ﬁi‘%ﬁjLLNmﬁﬁﬁaiumsmaamLaz
AATILANTTUIUNITA 9 I lidedddninennsase (Schleich et al.,, 2017) Uonani AuHn
Adviadsluszansnmlunisdnnisisasiiauansiue (Product Lifecycle Management) 1ng
ansamansaiarUiuUssnszuumarasldnadeyaiilsannsnseaeulunuuEealnd
(Tao et al,, 2017) pgnalsiny Lwﬂiuiaﬁﬁﬂ’ﬂG’faqLm6?1zyﬁ"umwm?h‘wﬂasluﬁmmﬁmmssﬁa;ﬂa
welvauaznIsdeusesEuUNMAIEuas (Aheleroff et al,, 2021)

welulaBauiaAdsia (Digital Twin) fdnvasdlaniuvaiouszns lagamzludiy
nMsaduvudiassiianunsaagvieudeyauazaninresingniosruuniameninliogig
wsiugriunmsienlsfeyauvvassiimmislunaiaie nssraesadioudiifisusiuaninm
videanugdagtiu widiaunsanmanisaiaziiuUseaniamuess suuluouanlddngnis
Ainszsidoyauualvg (Qi et al, 2018) dnuwasruveduilaAdvatiusmdsauausaly
nssUiamdeyauuuiealsl MsUfuUTsnsEuIunsThaL uazmsmansalilyvineuiiay

£
a =

Aetuads Setmunifianuddyediaunnlugnamnssunisnd ndaaiesuasn1suimg
i'fmmﬂmm%ﬁaﬁugmhLﬁaaé’aa%z (Boschert & Rosen, 2016; Zhang et al., 2020; Tao
et al,, 2017) Bdlundniu matdudaddviauldluramaunngsaeimunmealuladnisgua
auniusiugiiu 1wy nssraesszuuieneuyudfionadeunsinwnouhluldiugae
934 (Fuller et al,, 2020) wiiumaluladdasiuselomiognamnn WANTARIUILAZYTUINTT
waluladaudnfdiadimandyiuaumimie 1w mﬁmmiﬁ’u%’agaa‘hmummmaﬁlé{mﬂ
LWULLOTA 9) LLazﬂﬁ%’ﬂ‘mmmﬂaamﬁmaﬁauﬂaimwuﬁ%’u%u (Aheleroff et al., 2021;
Lu et al,, 2021)

wmaluladgunafisia (Digital Twin) Sefldnuazdu 9 Ad1Aydnnaiousenisd
LEINATIANNENNTIUNNTTNABAENITIATIENVRITEUU WaNINNISIEnUlugaanssy
nsudnuazladaasesuan waluladguilafdviadigninluldlugnamnssusing 9 wu ns
JunazeInia n1sneadie uarn1svuds Feanunsaldlunissiassaniunisaiuagnagey
AsEUIUMS AU Adun15939 (Kritzinger et al., 2018) ﬂﬂ’iﬂiz&gﬂm‘gﬁﬁhﬁlaﬂﬂ?’mL?il‘EN
wazsuyulunisdiiunulaeidiannsavsudasuuuitasdimnzauivanmuinden
vsadarvunfiunndnetuld (Qi et al, 2018) usnanis AudadiadaliunumdAgluns
AunnalulagduiunisnsadunazdesiuanuiaUnflunszuiun1svineu 1wy ns
AsRdeUNTNUeAIasinsgmamnssuLuuE salny Sstnsaansvgauinvesnisnan
wazifinUsEansnn (Lu et al, 2020) aghslsfny mmﬁmwﬁﬁﬁﬁ@ﬁamﬁmms%’aaﬂa
yuelvgiiinanueesing 9 lussuu uazmsysannsteyaiieliiAnnsvinuiisuiu
1uﬁqﬂﬁf?umau (Aheleroff et al., 2021)

n1suunalulagduraddsia (Digital Twin) uldludsauiinisvegdlegrauiniy
paMAIBUIUN 19U 10989a38E MIguaguAIm wagn1sdananinens ialuladi
unuwddglumsdanisninensuaglassadreiuguludes wu msdanisnsisasua
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msldwdsnuegnaiiusyBvinim manTvdevaninuIndon 1y AunweINIAkazin il
U%’UUEQQmmw%mmﬂswwu (Allam & Jones, 2021; Bouzguenda et al., 2019)
uennil waluladdsgninanldlunsudmsdanisasisaing Wy ssuurudmdnny uay
Tassasrefugiudu q Asuduludes nelidoyannsueesuuudealndiifiotfusenis
vheouuaznsindula (Yu et al, 2021) ludhunisguaguain guraidvainisthunldiie
afanuudiaomsenwyestag feigliummdanunsansiaeuuasiingiauanves
fuasuuuiFealngd swfenssrassnmsinuiilefinanuusiudlunsinduloauazanain
Ausannmsdnenuudiy (Fuller et al, 2020) wmaluladdfsanunsaldlunisannsaiuay
Jastulsaarantin ¥inlraunsauSuskunissnulneganunyay (Aheleroff et al,, 2021; Lu
et al,, 2020) BnuilsUszifudrdnresnisthguinadviamliludinuie nssanisiutam
AawndeuuarnineInsiiinda wu msdansszuundsaulusziuiidudou 1wy nsuims
Fanandanuludior vienmsdaarmdinuluiuiiidarudesnisas Taeldgudnfaralunis
SravsuazUSuasunslindanuiiielhAsussavBaimgean (FranCo et al, 2023) 91nn1s
Uszgnaldil AwdaRITaIalifnen1Mlun1sUTUU TR IMTINVDIUTEYIYURNIUAITIANS
ninensessiiuszAninm annsAuAeminens uasfiuanuannsolunsnouauss
setlymitenaintuludsaegesinsuazusug

msimeluladgudaddia (Digital Twin) uldludsauvenssogiseilos lifioaus
Tugpanunssuuazmananwity widkluuundu q Wy Medanisanuindeuuasnisgua
auam lufhunsdansninenns waluladgurnidsiagnlfifierrslunisuimsinnisssuy
WS N3eRunsinasulviiuseansnnasanluilosdansos lne dudandviavely
feyannisuisesuazgunsal loT edsziunslindsnunaziausuusisusuugansle
nFauliduniian Setsannisdudomdanuuasiinauddulussezen (Yu et al,
2021; FranCo et al,, 2023) Sﬂﬁu’ﬂé’qﬁwmmé’wﬁ’miums%’ﬂmsmﬁﬂﬁmmaz%aLL’mé’aaﬂu
1iaa 1w MImuAnkarUTulTINMsivarein1as1as lnglddeyanuusualnilunisuSuuny
fuazidumsnsiiuma Sstisannisanasindauaznisudosuadiv (Allam & Jones, 2021)
uennil AulnRdvadsaninsaunldlunisreaeuanimuanden Wy T inAmAm
ihuazerne iledreliSsuaniombenuaunsaneuaussdedgmanandoulfesis
a5 nasilusyansnim (Bouzguenda et al., 2019)

Tudunisquagunin weluladifunumdrdlunisiaunssuy " guilaidvauyud’
(Human Digital Twin) Ssasnsadnassanimsrsnevessitas Tasliunmdanusafinnianis
Wasuwawesssneldognausiug uagldlunmmaseuiumiansfnwineunisinuiate
Lﬁaiﬁlé’maé’wﬁﬁaﬁqmém%’uQ’*L'J:JEJ (Fuller et al., 2020; Aheleroff et al., 2021) UBNNTA
weluladaudnndviadagnilulilunmenynnssy lnsawgluiuiinisnunsiléinelulas
iloLfiunannInIsInyasunT AT Eideyaanmay anmennia wazAnLty Vinlst
anunsadansnineInsuasiinUssAnsninessandnlddBelu (Lu et al, 2020) favunil
wansliiudeanisiguiandviaunldlunisiaundianlunateds lidrazdunisdanis
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NINEINT 11595195 AAIAABY NTPUAGUAIN Vi3BNIANYATNITU B9 IBaT1anNTeBY
uaziinannmTinvesipuludinuogsdiussansam

n1sumaluladauiafAdsia (Digital Twin) unldluaniud@nwiuazuminerdodu
A dnAulauasddnenmgsludiunsiauinisifeuiuaznsuinmsianisnely
an1dun1s@ner duiandaaunsatdiunldlunisasiawuuitasivessiaisuazlaseasng
fugnusng q aeluaminends Wy msdamandanu msthgsdnwgunsal wagmsdanis
nsldeuitudl Fsdnelvantuaunsauimsianiminensidodnsdussaninmainiy
laglanizlunisannisldndsnusazanldinglunisungednen (Alsaleh et al., 2022)
uenanil lufumsidsunisaeu guiladdradsgninanldlunssassanumsaifidudenly
VieusuunIeviomaaatailieuats (Virtual Lab) lngaiunsadnasinismaasiniaingrmans
vidomamaaeumaimnssulduvuiaiiousds feelithiFeunazindnwiannsannassvie
AnUfURlaglideaianininensate ananudeddunisviinisvmaaesianain uagiiiy
UsgansamlunsiSeudriumsuiduius fussuuilndifssiuaniunisaless (Greis et al,
2022) Tudrunsiamnanidy waluladidanmsoldlunisinseideyanisiouivos
thdnwluguiuugudaaaa Ssannsaideyaunlilunsiauisnsaeu Usulgmdngns
TimngauiunaFouiiamsyana uazaanmsainadugqrisnanisineildegnauiug (Tl
et al,, 2022) ﬁaaé’i’ﬂamwiumia%wLLUUf«i’waaﬁa;ﬁaﬁLLaJ'us‘hLLasm'iai’waaﬂamumsait,aﬁau
939 waluladgulafdviaiadunieadiondaualunisfwuiqguainnisdnyiniely
WnInende Ldigauwdludiunisiseunisaoy waAdesiuin1sdnn1snsneInsuasnis
UImsnuneluanufnwegadivseansam

nsdunalulageulasdava (Digital Twin) inldluanufnwiuazumiinerdelasunis
fimuegnseiiios Tnsuenanmisliitonisuimsdanmaninensuasiasadsiuguudy
weluladdgsanunsalfifionsiauinszuiunisifeunisasunarnisifelunainvane
a1913%1 lusunsfinen guiaddagninanldlunisasisiesuiinisiaiionass (Virtual
Labs) Bstin@nwianunsainnismaasuaziiouiiiiunisiassiaiiousss vilkarunsaan
Funuuazandedunisligunsalats nnfsansadifinsGouildansseying (Greis et
al,, 2022) uananii dudafdfiagagninunldlusminedoiieiamnszuunisiouidiu
yana Inedeyavestdndnuigniiusiunuuaziinsziiiieadrsuuudiassnisisouid
wgauiukiazyana ilgaauaunsaUsuUsaIsnsaeulasnangnsinseiuainy
Foensvesindnwldunndady (Tul et al,, 2022) %’auﬂaméwﬁmmiaﬁmﬂsﬁumiﬁwmmi
YUNENAAINYEN19NTAN Y ﬁdfmiﬁamﬁmmé’smmmizqﬁmmﬁmaLﬁmsﬁuuawﬁ%ﬁumi
whbulAaann Wy m'ﬁsu':]amﬁaﬁﬂﬁﬂmﬁﬁmaﬂ'm'%aw‘i"m’j'lmmg’m (Jaung, 2022) N3
vimstanslassadeiiugiuromminerdeilisulssloviann dudnnavia Tasanunsaadng
LUUT1a8d S UNTINTIadRUaN N5 YINILYese1A1s stuulii uavssuuansisyulag
19 9 wuuisealnd vilinsgenunssagmsianisnineinsaeluaminerdeanunsavinle
peailUszAVEAMINNBeTu uaranmsALIUABmINeINTas (Alsaleh et al, 2022) K283
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Hauna1un1sldgueafdIialusiunisiiounisasy 1533y kagN1IANITNINEINT
uvninendvanansaifinyszansamlunisdidunuuazaisanmndouiidaaiunsiseus
uazmsiaLinuvesindnuliogiafum

nsdnnalulageaudasda (Digital Twin) wldlunisdaniswasnunigluuminedy
Hunilslunumsiivszansamgdlunafuanudadusazannislindenulaglidndy
AudaRdvtaanunsoaiauvuiasuatiouriwessrundanuiliogluarasuasiiudiang
aeluminends lngordeteyauvuiFvalndiifumusuaneueeuazgunsal loT
dielviuesiiunazAnnunislindsnulunndd wu ssuuluin szuuvianuou massune
91N17 kagsruuUTueInIa (Alsaleh et al, 2022) mgwmaluladeaudafdva uvingae
ansodeneiteyanislindunuogvandon enseaeuiludulavesomsvioiiudil
msliwdsnuAuanudniu werannsaufuusviteuuaeuisnsldnuliiussansam
10Ty uonand seuudanunsanianisaiaziariununislindauiivesauni
ANTNLINADULAZAINADINITIUTINIAAN 9 VeI ilrnsIan1Tnassuiiuss@nsnin
g9t waganduudundsauldegiann (FranCo et al, 2023) uonainil maluladgudn
AIvadaaelunNsUINITIANITEUUNS UL UIsUN g TUINI NS 1 NslEnasu
INUNAINGINUNALNY WU Tarsiead lagAudnfdviaagnsisaeukariiaTeideyadn
sruundaumand oannisldndsnuanundsdy uasiueudaiulunisldndany
(Lu et al,, 2020) avuaivldminedoanunsadansndanuldoeiiussans amunna
anATldane wazduaiunslindanueged ol fuuumeiudanadendmdndy
fendlaluilagiiu

nsdunalulageuidasda (Digital Twin) wldlunisdaniswasnunigluiminedy
Hunilslunumsifvszansamgdunsivanudedusazannislindenulnglidndu
AulaRdvtaanunsoaiauvuiasuatiourwessruundanuiilfogluarmsuasiiudiang
anelunminerds lagordoteyauvuiSvalndiifususuaneueesuazgunsal loT
dieliuesfiunazAnnunslindsaulunndd wu szoulwih szuvvianudou msszune
21n17 LarszuuUiuenia (Alsaleh et al, 2022) megmalulag Awlafdsia umIngide
aunsninzideyanislindinuesanden tonsaeuitludnlaveserasvidofiuid
msldwdsuAuanudndu warannsaufuusviteusuasuisnsldnuliiussansam
1 ntu wenand sruudtanunsanianissivazdaiiununisldndanuiivangauni
ANINLIAFOURAAIINABINITIUYINIAAN 9 ey vilinsTanisnasnuiuseansaw
qqﬁu wazanauuAunEsulieg1sun (FranCo et al., 2023) wenani walulagdudn
Avadatislun1suInIsInnssruund i unyulsuneluaninends Wy nslindeau
INUATINFINUNAUNY 19U Jga1519a7 Lag AulARITAIEATIVEaULALTATIEAToYRRIN
szuundsumand ieannisldndanunnunady uasiiuauddulunisldngaen
(Lu et al, 2020) ¥lHuminedoarunsadnnisndanuldedisfivazdnsamuiniy
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anAld91e uarduadunslindsnuegadaduiieliidfuuuimsnudundondmaaiy
fendlaluilagiiu

lagnisdnnaluladgunaidsia (Digital Twin) unldlunisdanisnadeaiuaiely
uingdedafiussloniinfnludunisnsisasunaziisednussuundsnueg el
Uszansnm wmeluladitannsadislunsihusnsdesanmvdenuidemevesgunsal
NN 9 i szuuliiin vSeszuuiiaudeu Mliaiunsnauwnun1sU3esn e
Josduladrmin annsvgaveinveansidaundsnu wazdnenanisidauvesaunsal
(Lu et al,, 2021) fjLLNma%ﬁaé’ammmﬁtﬁaa?wLLU‘U'«Swaaﬂmﬁlﬁi’fwé’awuﬁﬁwﬁﬂﬁqamw
uwndon 1wy MsUsuszAuMsliwdsnunuaniweimaniongnia ieannisldndsau
Tutaeitlidniu uenaini waluladissmumnsalideyaiifvannislmuiienusuuuy
nsldndsnuiinzaulussorenn 1wy maksdaiosuivenaniossuuriiauieu
szvigonalifaonndosiusnnugldaulundaziisia iefinyszansamuazannnsg
AuiUAeandaanu (FranCo et al., 2023; Alsaleh et al,, 2022)mAluladiguilafdviadsaunse
Tflunsideusefuunamdsnunyuilsy Wy szuuleardioad lnsazassfnaiulay
AIvEUNSNAANS I UkazNsTdRUUSEaln Frgliuninedeaiunsausuaunanis
Tndssmanuvasing q egreiiszansam aansienndanuannunasitlsinguiou uas
daasunslindsnuegededuanndadu (Lu et al, 2020)

2.4.3 sausznauveanaluladrudnfdvia (Digital Twin)

peAUsENaUAAY I gUIARTTA (Digital Twin) HunanatnazlsznoufeTnguio
NTEVIUNITNNNEANITI gueladdviadiduuvudiasaaiion szuumsienseuaznisg
Uszananadeyauuuiisalmindy fnmfsesduszneuiifadesiudoyavuinlng (Big
Data) Yayay1Usednwg (A) wagn15iiasiziilannnisal (Predictive Analytics) @eflunuay
ddnlunisuiudysnisinuresguiadivalidauududidedu dogaildanseuy
LézmL%@%ﬁam&%ﬁ'ﬁmqﬁa%gﬂdﬂﬂé’fﬂfjl,wmﬁ'ﬁﬁaLﬁaﬁwmsé’ﬂmmmumazamwmaﬁmq
ogeeiiles hlvaunsnagiiounsdsuulasasnninssuvasingudesruutuldesig
avlduauarQneas (Boschert & Rosen, 2016; Tao et al., 2017)psAUsenaud Ay dnUsenIs
Aon1silousieri1u IoT (ntemet of Things) M ¥ufanataszninaingnisnigniniy
wuianeddva dedeliaunsniudeyauvudealniilénaoninat feyamariamsn
thinlilumsiinsesiidedn Weufuupnszuiumssagiunemnnsalamh 1wy nsdes
thysgunsaineudiymasiiniuass (Qi et al, 2018) wialulad Al uaz Machine Leamning
ﬁagﬂﬂwmisﬂumﬁmm31}?%’933aﬁuumimyjﬁlé’%’ummwu@jLLNmﬁ%ﬁa VRIS REREE
Uszananauazdsuindoyalusin iofudginssuiumsianuuasnisdadulaliis i
Tuawian

n19usINiuYeteInlsznaui q lunaluladdudasavia (Digital Twin) Andu
rumsHaufusTrinsruuiidudeunatedu ieliaunsadiasmefinssuuavaauzaes
Tngrioszuumenmenmlusuuvudivialiogiauiugy esdusznaundn o MAstes loun
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aa v

'Jmmmqmamwaiqqumaaqmma ﬂ’]iLGUE]lIGIE]N’]‘UiUUUQULVIaiLu@?Jaﬂﬁiﬁwaﬂ (IoT) N9

Uszananateya Uayay1Usedug (Al) wagmsliasieiidaaianisel (Predictive Analytics) lng
osfUsznoumaniviausauiudsd

1. Imgn1an1enn (Physical Entity) luuSunveuneluladeulnfdvia (Digital Twin)
nuedeing spuu wienszurunisiifuriidequlaiivagnadrstuaiiedians iy
wwesdnsluansnisndn 01a13 eruwinuy wieudnsetiszuunedanin fngmantlazinds
wulwoiuazgUnsal 10T illaifiusiusiadeya Wy gumgf Aty nsiedeulm wio
antugn1svinau Tnsdoyamariaggndsdeludiuuusiaeshaviassasaiiios (Boschert &
Rosen, 2016; Tao et al,, 2017) T,ﬂai’mqmammwwﬁ?uLﬂmma'ﬁagaﬁﬁwﬁ’aﬂumsa%m
wuudnassiusiudrvesguilnidsia deyafignifvidanisueesaziunldlunissvinn
LL‘UU'«j’WaaﬂLﬁ@iﬁaamﬂﬁaqﬁuamuzﬁLLﬁﬁwaai’m’Lunmfu f LLazﬁﬂﬁmmmﬁ%ﬁammm
aansalngiinsuvesinguioss guvuluauimnls LYy msmmmimmﬁmauamwmaﬂ
1A3099N5 IoN1SUTUUTIUsEANTA MNITIINOU (QI etal, 2018) mmmiqmai vudl
fipamssiaes Fenzgnindeieueiuazgunsal loT WoRnmudeyaris 1 iy anmnis
yhau msdnvse msdulmn wazgamnil (Boschert & Rosen, 2016) deyailldzuainingma
menmilsifissusiteliudinfdviaannsouansaniugluagtuld uidiaunsodnldiie
aan1saingAnssuluewianldse 1wy nsaenisainsdenaninvioninudenieves
gunInl wenanil nsldmalulagdgyausehvg (A) LLazmsL%uifsuaﬂm%a (Machine
Learning) ETQGU"Jsiﬁmiﬂﬁzmawa%’aaﬂaméwﬁlﬂuiﬂashﬁﬂw%m%mw LAZAINITOVINUNY
Hyyarantile Geazaneliilinuaunsanaumunsgentigimieuuusssansnmues
Togrnanenmlaegnavangay (Qi et al, 2018; Lu et al., 2021)

2. WUUINa99Advia (Digital Model) @jLLN@ﬁ%ﬁa%Qﬂa%ﬁq%ﬂm@ﬂmm%gamé’%’umﬂ
fngads FoyatargndndunsgwaiondielVigulnidvaaunsnasouanimuosing el
gsgnipsiaziunm Jadumadenlomnadeyauuuaesmssenineingatsuazgudnada
(Tao et al., 2017)uuUUTN@8IANa (Digital Model) ﬁadauﬁﬁﬁyjmaamﬂﬂaﬁ@jLLNmaﬁﬁa‘ﬁ'ﬁﬂ
i fifunmiaeaiiontimesingriessuumenenm Tasuuusiaesildsunssunn
uazmuaulnedoyaiiivaningidsinisueiiaziaietns loT uwudassidvaazasiion
nANssULAzanUrveIingasilunanaie (Real-Time) vilvdldaunsansisaaunisvinau
Y935z UULAE AT TIUAsuLUadlapeauaiugn (Boschert & Rosen, 2016; Tao et al.,
2017)

wuueesdvatiamslilumsinetiymviemanisaifiesietulueuan iwu
nsAanisainnsAnusevesgunsal matdenanimuessyuy vizearwsndulunisdentige
vl uanansnnsunusardanisnaruiunislfesnaiussaninm uenand nnsld
YeygyrUsehing (A) LLazﬂﬁL%EJuiSUENLﬂ%IQQ (Machine Learning) #1281 uudanifdia
ansaUiuduarBoudandeyadilaiun Weuasusiugilunisiiassuagnisineg
Fauvudraesddviadiannsonanadoyalusunuunisdrasaninainia (3D Visualization)
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GerelifldannsoinmeiwagianuiilaanuzvesssuuvdeTng ety n1svieu
sy Al fagliuuuiaesianunsaadeanmndouaiiounsiildlumvaasitenadeu
Aounstluldiuingass %qﬁaaaﬂﬁunuuazmmLﬁmlumw‘hmuﬁa (Tao et al,, 2018;
Lu et al, 2020) wuusIaesAIvia (Digital Model) luilsduiissnisasnsnindiasavesing
wiesruumanen iy widudualesdefiausaldnovkaviauldedsdeaidoman
foyailéiuainianads Tnsuuusiaostannsavimiiiiasiounisinuresssuulduuy
Sealng %mmammiuﬁaﬁmsmﬁauLLﬂaaLﬁmﬁuiufmqmwamamw WUUS1a0IRINAN
azdUanmulume lvaansahinaiuaaiuguagnsiageulsednsnnvesssuulaegng
azidem (Qi et al., 2018; Tao et al., 2017)

uananil wuusaesRdviaduduwedesdiedidylunsinngiuagmanisaiingnisal
armtn msldmalulagUyauseivg (AN LLazmiﬁauiﬁJaam%a (Machine Learning) %7¢
Wsdneuanansalunsuszananateyavuialnguasdudou vinliamnsaviunongingsy
yesszuvlusuan 1Wu Msmensalilymnisdnnse nmsdoutiss vionaideNaninves
svuus 9 Tnefianansarilfnisdndulanientsmanunmsyhaudiauuiugnnndy (Tao
et al,, 2018; Lu et al., 2020) LUUF188IAINATHUNUIMAIAYIUNTZUIUNITIDNUUULAY
nadouNandugnIeszuUlnil Tagausaldluudnasshdvialunisineosdn1zA1siIeURI
q #ngassenamdyrounniluldnuats shldaansassygaunniendedymiteraiiniu
Taaravin é?jaszhﬂaﬂmmLﬁaaLLazéfunﬂumimﬁm (Schleich et al,, 2017; Tao et al., 2017)

3. MsiilousioH Y loT (ntermet of Things) loT vt fldexnTesgunsailoueesi

[
Y [ [y [

Ansiauuingmenienmiuwuuinaedidvia deyaliusiunnanwuesazgnadludass vy

AudnAdviangreaiiios deyamarigmitnldlunisdvian dudaddva ileliaenndaari
a0uzuazNgANITUAUTa3avesing Intemet of Things (IoT) LussAuszneuiid1fnlu
waluladgudafdsia (Digital Twin) Tngvimihidusinanslunisidoulessznineingms
NEANAULUUIIADIAINEA loT UizﬂauéhsjLf-ﬁaszhasumL%L%%Lm3@Uﬂifﬁﬁ§ﬂ§?ﬂﬂﬁ@g
Buitesusndoyalunaais (realtime) lidazdudeyaiisrfunisyianuve aniesdng
nswedeulu sl anwsiu vieladvdu q %’amﬂamzimf%gﬂ?iamuaumaiﬁmlﬂé'fq
LLUUﬁwaaﬁ%ﬁaLﬁ'aﬁwmié’ﬂmmLLammmmaamuzﬁwﬁuﬁuaﬁmq (Qietal, 2018;
Boschert & Rosen, 2016)

M3¥ues loT Hrelvguilnidviaaiunsafnaunisidsuutasuesssuuliuuy
Foalngd vilanunsaiinsgsitazuuusausedniainvesnisviauldedisseiies
wonand loT gﬂﬁU%U’Wl??ﬁﬁ’QﬂumnﬁU%@%aL‘TNgﬂﬁﬁ’]ﬂﬁﬂﬁﬁlﬂiﬂﬂﬂizvmm5"3Lﬂi?zﬁ
\Fannanisal (Predictive Analytics) Fstaelunismanisalilgnmiemanisaifieraiiaiuly
ouIAR 19U NsidouanImYesgUNTainIen1sTentgsRd T (Tao et al, 2018) e
\3eTe loT TideNsieszuinaingaiauardulnidsia deyaildsuansuwesliiiostae
YFulsansviauvesssuulutagdu widsanunsagieligldauausainsgiwazindula
¥egnausiudunniulunisnaununiouiuusnssuaunislueunan (Lu et al, 2021) 13
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Y

a (Digital Twin) Lildd1Aataniznns
fawintu wadsdunumdiaglunis

U vee Internet of Things (I0T) TussUUALH AR
WeleedayasENINIngNINEAINAULUUTIABIAT
Feoulesgunsainane 4 sadiseduiioadsszuudeyaniaseunquuaziluszuy loT Haeli

Y

foyannisuensang q ARadauning wu nsiagamg msduaniieu viensngaty
wsaty anunsnmeloulufuedornenivialduuuioaln deyafildanmadousoitaglg
welpRAdaausaUTEINaNaka AT IERayalaul wavyhlaiunsaviuevsea1anisal
arwiaundfionaintuluounen 1wy naidenanmuesgunsainioniuduimaivesszuy
Fathlugnisdanisdentrgudadesdy (Predictive Maintenance) ag1afiuszansan
(Boschert & Rosen, 2016: Qi et al, 2018) uanani loT geanunsaiilvssuuguiaAdviad
AnuBaveuiazansauiuilidty mszdoyaiifuldaningaidluaniunisalsing 1

a1u1sagniuysuldlunmisiiudseaniaimnisinuvesssuy vieldlunisusudsens

¢ =

sfiunuvasgunaallduvuFealng #1 szuu 0T dvaunsnidourerugunsaiuasseuy
3uq ldegsdrenne vldaunsafinnisiiaudinfusenitmane q ssuu vy u
gRaMnsIINSHAN Msdansilessaades videniseunumdsnunelussdns Fsaelinng
sudunuduluegesduiasiivssansnmgean

4. m3UsEInaNauazLATIEvideya (Data Processing and Analytics) Wileldsudoya
1nnnass deyaturzgnuszananauasiiengilagldnalulad Al waznisinsiedids
AAN5al Al 9ggaeUszananadoyadiuiuann waransanTadununliuiliund vie
Ainsgigunuumshavlusindfiesineaaiunisalluswian 1Wu mseenisainsdnse
YoNATITNS (Tao et al,, 2018) ms‘dﬁzmamaLLazﬁmeﬁéﬁauﬂa (Data Processing and
Analytics) 1ududdnfluszuugua@dvia (Digital Twin) vhnihiisiusiuuazdanisdeya
fldniwuwoiuazgunsal loT Afassuuingnianisnin doyamanignuszaianastis
sndadtelannsoagiiouanmmshauvesiaglusuudealng msvsznanaiifetos
funsdanisdoyavuinlg (Big Data) Aflaanududeu waznisldinaluladtugs 1oy
Uayayrusehvg (A) LLa%ﬂ’]iL‘%EJui‘SUENLﬂ%EN (Machine Learning) Tun1siiasngsidoyaidedn
densiaduuunltiunionnuiaundfionaiinty (Tao et al., 2018; Qi et al,, 2018) A5
AiAseildaninnisal (Predictive Analytics) Jadudrunisvesnszuaunisi drelvigudn
Advtaanunsnrutemgnisaiasfintulusuian Wy n1sdnusevosgunsaivions
Fenanimvesszuy Feaglunisnaununistentrudedesiulsegraivuszdniam
(Boschert & Rosen, 2016)

uananil M5 ideyadisU Ul uTesssUULAR RN ST AVBAIANS
Tinswens viTlvinsguaunisnng 4 lunisude n133ansiliesdanses ¥39n15AIUANSEUY
wdanuanansavhauldegausiuguazsioiiles (Lu et al, 2021) MsUszananauaziias e
Uaa (Data Processing and Analytics) lusguuguna@dsia (Digital Twin) daududeuuay
funumddglunisvilvszuanansavhanulsogiadiussansam deyafiiusiusimen
wuwesiargunsal loT gninukiunsUssnanasgvazden teudasdoyanuliu
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%’agaﬁﬁﬂidasﬁﬁ Tnenszuiunsiiindesordomaluladnsinnsdeyanuelue (Big Data)
‘ﬁmmsmmswimmmauammumﬂmﬂ‘wmamemamul@ (Tao et al,, 2018) uenanii
mmmsmmﬂiuiaaﬂmzymiuwg (Al) LLaumiLiﬁJugleENLﬂiaﬂ (Machine Learning) sy
mMyezidonaiilasu Tneszuu Al ansnsansiaduunli vieanuiaundludeya sil
annsnAInsaimansaiiotadetuluouen 1wy msmanisainsdnvseresgunsainie
naidenanmuasszuy tnenszurunsivhligldauansafusamevhauresssuuld
ogsiailes Bnviadadaelvinisdaduladuluegraiiussavinmanntu iresdunisna
WNUNN5PONUNT WSoNTInasINSNeINsMunvay (Boschert & Rosen, 2016: Lu et al,,
2021) MyReziidananisaifstielvgldauaruisaannnudsuazduyu Tnenns
s SeudwsumamInifioniatuami Wy MsreusunTenTLsTUUAauitgm

d a

ZLNATUII "ZNLU‘lJﬂTiL’dﬁJﬁiNﬂ’l’mEJGTViEJ‘uLLauﬂ’J’]iJ‘N’]L%@ﬂ@IUﬂ’ﬁVﬂﬂ’]u%@\ﬁuUU ﬂLLN(ﬂ

Y]

aluszeze

hol) d)
D

aa o

5. ﬂ’]i’JLﬂ’i’]“‘lﬁL%‘iﬂ’]@ﬂ’ﬁm (Pred|ct|ve Analytics) mLNmmwa%%’agaﬁUizmawa
$2uffu Al Laznsidoudveanies ieadamsiieseiiBananissl Jsanunsaszydam
flonaAntudremii 1wy nmadigednwidedesiu Sxsanaldielunisdeutennaziiia
U5AN5N1MN15Y191U490952 UL (Qi et al, 2018; Lu et al, 2020) NM153ATILMTIAIANITAS
(Predictive Analytics) UueasdusznoudiAglumaluladaulafdia (Digital Twin) lagvin
yifidreeenisaingnisainiedgmiorainduluouian FenisUszananadoyaan
wuLwoiuargunsal loT wuuidealnl Msiiseiieondenisiioudvesaies (Machine
Learning) wazUayay1useding (A) lun1suszananatoyadnuiuyin diedumuunliuuas
stuvuiionadlifiuialgmiitdsinatu 1wy nadeuaniwvesgunaal nsdinusoves
130393 videAuRnUnAfioNathlUgamdumaivesszuu (Qi et al, 2018; Boschert &
Rosen, 2016) m'ﬁmeﬁﬁqmmmsaﬁm81%’@%&1%13113@11&LmumsﬂﬁﬁﬂmL%q
Uoariu (Preventive Maintenance) loag1adiuseansnn Ineaunsadniun1sgouuaumse
U%’Uﬂiﬁzwﬁauﬁ{]@m%lﬁmsﬁuﬁq viltanmsvgaveinlunsvinu wasiinanudady
vosgunsal MmIlnsesiifhansununniigednu emnansatiostunsidemed
Antuuuulaleadn shldnsdansmiwennadullegiamngaunndstu (Lu et al, 2021)

NTIATIERTIAIANITA (Predictive Analytics) IuLwﬂIuIastmef\ma (Digital Twin)
funumddylumsiinuszdninmuazananindefevesszuy iosnaninsanianisal
HouFenadsunasiionniatuldlaedenndoyarieildsunnewsesuazgunal loT
s Teiteyadiuaun nisvunsitieliildnuannsnssyunlduiionillg
Anuauvaviselgymiluewiag wu nsdnnsevesgunsal vselamisudseansnmlunis
#1971 (Qi et al., 2018; Boschert & Rosen, 2016) UBNINNITILAAAUALIUALAII
AUVAIVBITTUULN NMTIATIRTIAIANsalfalaudiAglunisnnaununisinsednyd
#loaffu (Preventive Maintenance) sta8lanunsadiiunisdonurumiavigeinuilaly
nanfiunzay laslddesseauAaauidene venanisstisannisngaeinlunis
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dudunuuazanaldaiglunisiigeinw dafuvsslevdegnannlunsianmsszuuiidudou
wazdAgy 1 Tuanamnssunsngn n1slu wavsyuuansisallan (Tao et al., 2018; Qi et
al,, 2018)m3’3meﬁl,%ﬂmmmsaiﬂ’asd’miﬁizwﬁmmﬁwsjumn%u iosnansaususn
AOANTNUINROUNTDANIUNITAIATS Fonadsunladlilusuinn Wy n1sdsunlas
ANNINAZ NN TN e SWABULUasANSeenslunsldau (Lu et al,, 2021) RHG
fAnszilddannsniluldlunsuiuusnmshanuresssuuuasfinanuuduglunis
dnaulaluseiuiBsnagns fadiiaduaiisnnuaunsalunisudsdiureseadnsliogieddy
(Boschert & Rosen, 2016)

asulsin weluladgudnddsia (Digital Twin) Wunsasrsuvuiaeuatiousssiasyiou
WoRANITULATANULVRTINUTRTEUUMINIEA Ingadetayaisealnlainuigeiuasnis
{BouserusEUU Intemet of Things (IoT) tielsianunsnsiasuazannisainisitaues
svuvlfodnautiugr waluladigninluldlunansgmaunssy Wy nandndaaies o
§2a38r MITAMINEIU UazMIRUAGYA M Fsteifindszansamlunisiiay anmy
Foq waziiiuauauisalumsaiamsaitymarmi waluladdenfonisinsehids
AIAN13ad (Predictive Analytics) Saufutyanusshivg (Al) LLazmiﬁauﬁmauﬂ%q (Machine
Learning) titethelunsdndulaidsnagniuazyiulgainsinanuvesssuy egslsiniu nsg
siaualuladidsnsdanufmelunsianisdeyaruialnguaznisysannisdoyaain
nansuvaslvidauseiauarivssansnmgean navieudmfuresesdusznaumand
HgliauNaRIaausainuLUURsalngd AT19aeUNTINNUTeeTEUY kagyinsindule
ATUsEANS M WU MIUFuUTInszuIUns Mstesthadslostu uagnsufuasunis
vhanlimnzaudvaniunsal Taensld Al wazmsieszsideyaduialaddglunisifia
Anuuduglunsingiagnisnevauswsantunsallusuian lngynuseasananiuns
afauvuiasuaiiouaievesinguiessuunenienin lnglideyaainnisidensonuuans
yasgvhsingaafunuusiassidve degatgninuldlunisieniu Ussdu uazainnisal
MsThauTessEUUBE iUt MaldeNser sz loT vilideyaSualvsignasludsgui
Fava Feanunsndaesariianevnginssuvesiagld Snvasdrdyresnaluladil
Usenaumenisinaealou nsUssuianatayarunlug (Big Data) Wagn1IlATIiae
annnsal (Predictive Analytics) Mlddaynuseiug (A) LLazmiL%‘sJuiﬁuaam%a (Machine
Learning) iileviueilymitonafndunagifiuuszAvinimnnsvhauuesszuy (Boschert &
Rosen, 2016; Qi et al., 2018) mﬂIuIa§§Qﬂﬁmﬂﬂwmaqmmﬂsiu WU NSHANDINT Y
msdamsndanuluilessanies waznisquaguain TnensviunemsidenanimuazUiuuss
nszuIuMslaenadesfuaninundey sivligudadiviadunuimddalunisannimides
wagdiuny eg1lsfinu aruimiglumsimuimaluladidsnsegiinisdanisdeyauuin
IMRLAENTYTAINITILUUIINVAE WA

asUlddn qudafdva WWumaluladildlunisaresuvudiaesdidsavesszuy

MaNMeAMNTogase lngaziinisussyndldlunainvaggnaivnssugu n1suan nswnng

Y
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uaznsinnislassasaiiugiu Tnefinsounisveuees Digital Twin finmsadauuusiaes
AdTaveITEUUNINIENINENIsTIUTINT ayavnldidugesuargunsal loT lun1ssausiy
foyaanszuuadsivhnsdedoyadslugaunaniesunsuszanana lnsdeyaazgnldlunis
afreuuusiassfidvaiianunsanansdangfnssuvesseuuaiald lnemaluladddynis
Uszanawaiveuildlunisanaiudeuasiinyszdnsamlunisuszananatoya In1s
Anneideyalaglisaneiiunsiseuiveneiouazmsseusiddniiedinneiasneinsal
WOANTINVBITHUY Fensdusznaudunafinves Digital TwinUsznaulumeduiwesuas
gUn3al 10T (Sensors and loT Devices) Aldlun1s5iusiadeyanszuuaie 1wy gamail
w3y Aty wazdeyaniaindeulm feyafinusuasgnadludunanrladumsyszanana
wuuspalngl Ingunannesunsussanarawazn1sIATeiteya (Processing and Analytics
Platforms) in1sUszananateyamesaneiiiu Al uaz Machine Leaming Lilo3insngviuas
WeNIINGANTINVBITEUU unanlasunisUseutanadild Edge Computing LitoLiiy
UszavBnnuazaninaiuis Jazdwioludissuunisuanua (Visualization Systems) N1l
waluladnsuanssauuy 3D way ARAR Wlsligldaansafiunmveuusaesiiviauay
A1991191uve9TEUUNThAnIHateyalusUsuudiladne 19U n9IW way Dashboard
Tneondenisdeasuaznisiieuss (Communication and Connectivity) n1sldia3atne 56
wazluslareanisdeasiisinanuvasadugdlunisdsieya finsldun sprunazlusinnead
Faelvinisidendoseninegunsaling q 1uluegresuiu laensuszyndldnianisudn
Digital Twin THlun15ifinUszadn3nmnIsnaningn1ss asuasnaaeunszuILnIsHannoud
avilUlgasdlunenisumdnisasnsuuinassiidviaveseirensesruunensunmeddel
unvdannseifdadbuaznaunumsinwlfegnaiiuszansamanty Tumsianslasaadig
flug1u Digital Twin 14lunnsdanisuazthgednunlassadiaiugiutu 01a13 asniu uay
wovelnil Fananlein Digital Twin WumeluladAfidnenmgdlunmsuszondldluvane |
geamngsy nsuiltulagvianuriimesng 9 wu anududouresssuy anulasnds wax
mMsvdeusie sxtnelanunsaldusslesiian Digital Twin leeeadud

2.5 wurAaifeafuimaluladtygiuseivgdumedidnideulesassnis (Artificial
Intelligence Internet of Things : Al loT)

wmaluladdygndoulesassnds (AloT) WumswanusuveslygiUszivg (A) uaz
dumesiinvesasinds (IoT) Taensauniavieu AloT asiisadesfuanidnenssutud
gunsal loT Iusndieya desionnazgnusznanauaziinszsilaedanesiin Al iioasedeya
Fednfianansaduiiunisld manausuivszneudenaigdmlsenounsnunsdeyaain
Wuwesuazgunsal loT $9U5udeyad1uIULINIINANINWINABNNIINIBAINKATTINTT

dsdaya Wnedeyansiunularzgnasludunannosunisussaianauuusiuauivisenveu

a

n1sUsealanadeyaniidanesiiu Al sudaunaianisiseuiveaniaiaznisiseudifedn
Uszaianatayaiiessyjunuunaginsnensal Inserduwmaluladdfynisussaianai
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9 (Edge Computing) iileantianuslauaznislduuusing msuszananadouagnéneain
@srlnosranduuunugusludgunsaiveuilndfuuvasdeyauniu uanedotns 56 lu
Msidensemgaiedetns 56 ueuliaiuayumsdsdeyanuuiiealnsifidndudmiu
msldem AloT Tasmnudiudiusuazanuasniovesteyaroniduauvivendnues
AloT Aemsfusesnuidudiuiinazanuuasniovesdoya nmssmgunsaldnaumniiy
fuilunisland vinldsududesduiuninanisinuanuUaondefiuiaunss saufens
dsiauarluslaaeanisdeasiivasade Tnsflanuannsolunsiausmdufugunsal
Lazunanwefunanvanefiiisates Mmsfusesmuannsalun s iniusEning
guUnsal loT uazsEuy Al fne 9 fianuanansalunsuiuruaded uiugunsaliideuse
ity Tassadsiiugiudossurumamumnamangay Ssfadldauanansalunisdans
wazUszananadoyasgaiiuszAninmiedanistuimadeyadiuauinnitadretu d
annsauszyndltidiudiessaniegAloT fanuddnlumsiamniessaeios ivaelving
fanslassadafiuguludiosdivssdniam msvssgndldsudanisdanisasias s
UsAnSnndanu wazszuunsianisveedIntey sauinsnisawagunin tnglusmunis
AuaaunIn AloT FaelinsnsiaaeugUlsssuglng n1s3ladesdanensal wazunun155n
dauyana gunsal loT 1y Wuwesuuvaldldsiusiudeyaguain dedaneifin Al
e lideyaidedniisaivaniuzgunmeegiae waglunisiaudalus@ves
ANARAAMNTIY AloT WiuUszAnsnmmssalusiflugnamnssulasmsdaelinisingssnu
Fanensal maiinuszansamiidldguniu waznnsufuugadseansaiwlunsdudiuany
JuwosiilsegluiaiesinsnunudeyaUszdnsamm dawuudiass Al dieszsiiteriiune
ANudLmMLALUTEAEAMANT19NTUN593Yn na1alddn MssauTmes Al wag loT
Ju AloT ihiauelenaununedmsvuinnssuluratsniadiu egrslsiniu nmsunlatlym
AMUTINIEAS 9 Wu Adudiudivesdeya Anuatnisalunsinnusiniy uwas
Auansalunisuivouin tWudsdniulunisldusslovidgagnain AloT ssuy
ﬂmmﬂﬂizawi (Artificial Intelligence: Al) Husguuiildanuaiuisavesneufinmesly
seiugetulnefissuuauesnaiivigeans awnsoduifamananazidlaldiBosyud Tagli
Sududealvinyuwd duflusunsuddalasnse Jyyiussivgutadu 5 Uszian 1dun
NMIUTEANANT®I555UYIA (Natural Language Processing) SEUUNTHW3BTEUUNT T
(Vision Systems) seuuLAToY18LdUYTEAM (Neural Networks) fugus (Robotic) s¥uUy
;EL%&JTU’]QJ (Expert Systems) Sane3uiivirlsinoufiamesanunsonsnsaiiaanivgléuuy
MQHE‘J‘ 1AWA Linear Regression Analysis, Artificial Neural Networks, Fuzzy Logic, Neuro-
Fuzzy System, Genetic Algorithm LJudu
251 TusAseilidudnuiuazuszyndlddggussAviusziannisuszanana
MYISTINER uarsruLInieTIedulszam nelieanBeadsil
2.5.1.1 Tasedneyszainifiey (Artificial Neural Networks) sJudiauuumnig
aflnmansfidanasinsiauvesatewyudlunsSsuiuazandife meihauluuLdeNse
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(Connectionist) Ingn1sirdeyanie 9 snUszanana 1As e Aana wagnadnsaldFendn
A3 (Knowledge) Sutfinannnszuaun1siBeus (Leamning Process) uuidniieafunisaiis
fuvumendamansiiieldeunuunsiauvesanss neidedideyatind (Input) dadian
ﬁ%@mﬁ’umﬁmﬁﬂ (Weight) %aLmummﬁﬂﬁmﬁiﬁﬁu%gaﬁ%%Lwiazéh NATINTDIAIND
ihniinfiinnwanuvesdoyatidiuazaniminazgn dlulinsed fanulasiladdu
n3zAU (Activation Function) tAaiduradns (Output)

m&NN13 ¥e4 Neural Networks Aan13d1asaguiuunsinueaauesiiionia
“neurons” auesywdUsEnauiy neurons Fud q Weutudueietis iunisdiass
neuron wnaslureuames aueffenievieveusassaUsznaumelatglunisiunseud
Uszam 15un31 “wulasi” (Dendrite) 1Wu input wazvanslunisdanseualszanisonia
“woAgau” (Axon) LU output Yeuwa iAWYy fiTe i ed iefinisnsedu

medniinieuen vienseRumelwameny nselaussamaziauaulasiidngiomdea

2

& v v oa 1w v .«.:4' i = Y a = o
Feaziduiiinduindes nszduiwadu 9 devield dinszualszamusane dundganay
nszAuay 9 AeluiiunwentauYeiy UnInemansioduiinan1snseiumedaii

Muflounsalidnvauziiavuisegruniioutuazlinadnsanvineduaidoudawiuou
1513981150337 wazlhenuesdwing q 1o danini 2-4

Machine Learning

o e o ® }
& 3 LE-_[I r 00 -0 —
o -9 9

nput Foature extraction Clssifcation Cutput

Deep Learning

- oo "\r_}' - e
- . C" ” ‘{:" .,_"..;’ "G L, oty g
gt Footure extraction » Classification Cutpat
wn
A
=]

AN 2-2 ann1s Va9 Neural Networks

dawsulureuiames Neurons Usznausie Input laz Output wilauiu lasdnassli
Input wiazdull Weight Wudainuniminues Input Ing Neuron usasniagasien
threshold tHuiafnuaitimdnsinves Input AosuInsuInluudsazds Output TUds
neurons fa8u et neuron udazmisuseiulivhausIfunshauilunanssng
wiloufu Ao nalimiAnluaues issudlussuiimesnnegradudiay msviauves
Neural Networks Sufidlod Input wnunéls Network 101 Input WAU Weight YasuAazy
WaTiléa1n Input VN 9 W1es Neuron Aglonsamfuudiawieludsilsidudielou (Transfer
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function: f) wagduunA1LE IANAeeNUI Lileu uLAigudy threshold Afvuald
dmasaniiangsnineridmunly neuron azds output (output: a) senly sazgnasluds
input a1 neuron 3u 9 Mdeufulu network d1dtesnin threshold fagliiiin output
arwnalusunsude if (sumnput * weight) > threshold) then output @sd1FgyAaa
weight wag threshold dwiudsiiadesnislinenfiumesssn anunsafvualinesdfiones
Usuawnaniuldlasnisasulisrunidnuuuusy (pattem) vassiiindosnslissuusan
158A71 “back propagation” s“ziqlf‘ﬁluﬂwmumsé’auﬂé’waamiﬁﬁ?ﬁ 1AYNISAINUA A1 output
figndfedlify pattern vosdeilisrdesnisliszuuidivans 9 wuu udrduiam error
294 output ThEaINNIsAILINGIEAeLTImesTiBufy output ﬁgﬂéfaa wau1AT error
TUUSU weight / threshold m3deugiosingn q natends warsndusesaeulineuinnes
33N pattern va1y 9 WUUVBIAY 9 Wiie BedeunIniinlus weisht uwag threshold Avedl
ATgNFaRNNTY
gnsnsiwinlasagUssamiieuiuuig laifidiewdes (bias) Tt
n = xlwl + x2w2 + x3w3 + ... + xRwR
a = f(n) aunsi 2.1
qmmsﬁqmm‘lmwﬁaﬂizmmLﬁammudwﬁﬁmwu@m (bias) §iéisil
n = x1wl + x2w2 + x3w3 + ... + xRWR + b
a = f(n) aunsi 2.2
Herduareleudivarnuanesila fredraau fandudielounuudiiauds (hard-limit)
Herduaelouwuusiaudeaunins (Symmetric hard-limit) Hefduaelouwuulaiasuedn
WILLAUATNUREA WsaunuTnuess (Hyperbolic tangent sigmoid) tumu
N1989LAT12%03AUIZNBUIBINITYIIUNY (Predictive) vaslasaviaUszaniiio
(Artificial Neural Networks) l§sunmsanunlneinddevansviig femnsnsdt 2-3

AN919% 2-4 29AUSENaUYRIlASINUSTE MY

—~ ~ ~
. 5 S S
sl |2 | S8|3| 8] .1|8%
> % ) © o e} &) 59
< g1 8 3 © g = S s
23AUIENOU c | & 2 5| S 2 S 8
© c © w © o ) €
IS 2 g © I 0 ‘U ©
© c vl = c = | "
N © . [d} <C [J] = o
— < 5 c © < ol ge]
RE e I &S] IS e s
F < = z | 2 = 3 &
Foyatudn (Input) ViV I IVIVvIVIVv IV ]V
At (Weight) ViV IV |V |V |V
Wﬂﬁﬁuﬂizﬁu (Activation Function) v v v v v v v v
HAdWS (Output) ViIivIiIVvIiVv I VIV |V |V
AUz (instructions) v |V
anunaay (Environment) 4




a4

mauandliiiuiesdusznavvedlassieysvamidion 3 4 funeu fio Toyatndn
(Input) Awi (Weight) Hardunsesu (Activation Function) uag ®agws (Output)

G. Pankaj Jain (2014) laliArrunuisves Jgyqruszvg (Arificial intelligence)
wuIfAN1sHRILITEUUAISUSEIEIN Usenaunie seuun1suseliiuninuidansey svuu
Uszillunadiuyana wazszuuUsediuaiug (G. Pankaj Jain, 2014)

2.5.2 WUIAANITAAILITTUUNSUSZIU Usznausie

25.2.1 sruun1sUsgiiiuainuidaaiue (Intelligent Knowledge System
Assessment) seutldismsfitlassadaifmunliodsdnaulunssunandeyaidniuuas
Audunnseinsndy

2522 38UUU§8LﬁuNaﬁauqﬂﬂa (Personalized Assessment System) 52UUNTT
Uszifluraduyanaiaduayunsuiumuassitous

2.5.2.3 seuuszidiuaius (Knowledge Assessment System) THunufinuafai
1@1’%’Uﬂwiﬁmuﬂmw§ﬁia’mw

agUldhmsagiiagiienmsifeaiulssandng q vestlygnuseiugidng
1961903199219 8990u TnglaniensUseianan 1¥IsITuYIRLALIEUULAT oYY
Fulsvam fadumideiiiaudidylunuised nmsfnwniertulaseiieUssamiion
(Artificial Neural Networks) lésuanuaulaidufivay 1iesainanunsadiassnisvaunes
aupsayudlunsSeuiuazandrteyalsedeiiuszansnin Tnsnslindnnsvesnisidouste
waznsUSuimin (Weight) 1‘7immzammmizmumiﬁaui (Learning Process) wilvilé
nadnsAidanuuiug madenileddudnelou (Transfer Function) usnzaufifudnuils
tadeiifinarouszansnmveslumalunisifeuiuaznisnensal lnslamzlunsdiideyad
ANUFUYRUES

2.6 NTIANIINA9UDIRIYE (Intelligent Energy Management Systems - [EMS)
mi%’ﬂmswé’amuﬁaLﬂuﬁﬂaé’ﬁmiumsaﬂmiqaglﬁawﬁwmﬁhﬁwLﬂuLLaquLa%:u
Anudiduresdsnden nsdnnmmdsnuifasnsatisanduyunisinduanulaziiiy
UszAnsnmnslindanuluygnanediu fudszduaiidouaufvgnamngsy weil nnsld
waluladnng o i szuudaasezlun1sinn1sndseu (Intelligent Energy Management
Systems - [EMS) dianudrdgylun1smunuuaznsivaaunisidndsuageiussd@nsaamn
dielfamnsonevaussenudesnisveslindanundouisdnumamiuanauessr UUNE sy
(Himeur et al., 2021) uonainil MIUSUUTIUNIFTAAUNS U UL W EY LU
WUl induagndsnuan fteannsiianmdanuanieadauazannisudesing
Sounszanld (Kaya et al, 2021) 3nianisldnagnsnisdanisndsenuibegn 1wy n1sifia
Usganinmmsldndanuiiunsuimsiamsmuguasd Heann1sevesssuunasulugs
finsldaugegn (Leitao et al, 2020) Tnsmsdansndanuliiiesussaelvussgutimane

'
[ a

sudawndeuwinty uwiduduladudfglunsiiuanudiduliiudnuuaziasugialuszes
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817 (Khatib et al., 2023) nslgnassuegdivsz@nsninluiiesdisUsyndandsnu ueds
FEanNANIENUAUAIIAGauENE28 (Brilhante & Klaas, 2018)

Tuduresnisdanisndsu Fafinnswaunadesflonazulovisfidunisiiiv
Uszangnmnislondanuluninrgravnssusasifenaivd lneiin1sussiliunaznsivasy
W&997U (Energy Auditing) Lﬁalﬁlﬁmmﬂ%ﬁwmﬂswé’qmuaﬂwqﬁﬂisﬁw%quﬂqmLLas
donndestutIne NS Eu (SDGs) (Christensen et al., 2022) Wl nsadean
nspninduarmsuivdgsulovaifieativayunslindsnuniudsunagnsdanisndanuy
é’fﬁmL‘f]uﬂamﬁwmaﬁﬁwé’mﬁm%’ummanszLwﬁﬂ"ﬂaﬂ (Cullen, 2017) ASTANITNANIU
IWﬁﬂué’aﬂmﬁmmﬁwﬁagaEimnﬂLﬁaamﬂmil,ﬁ'u%usummau‘%‘lﬁmwé’amul%lﬂﬁashwiaLﬁaq
Tunnniadiu silunirgaanvnssy mansFeu warnasy dedmansenudenmsldnineins
wiuwardunadesluszdulan msdamandsnuliihdgliansanuauuasldndanu
IstegaiiszavBamiieannisgapdendsany uavansuyunisnanndsauliih (Shareef et
al, 2018) Ingtawizagieds msdumaluladuazuinnssusiie q 1Whaild Wy seuumvas
msliwdsnusdanios (EMS) wagnsldndsnuvyuisuainsatisannisiamnganuain
Fowdmleadauaziisannisudesinsideunszan (Himeur et al., 2020)

wonani Msldunasnsdansndenuliihdia wu msthssuulase1gliihdanses
(Smart Grid) 1119 vinldaunsadnn1suazusnITnIsHaRLaE N1t TNd s ulAag19dl
UsgAnsnmanntu Insamglufiuiifidanudosnisndanulniigs Ssazdaeldnisdie
wdseubilindulegafiiadosnmuarandmnisvinwaaundsaubninlug i 2nsld
WF91U7e (Leitao et al., 2020) MsdsiaTunsidnanunyuigunaznsidngsanuli
ogiisyAnsnnluynaadiuvesdinudsnautmnendnvesmsnauidadulueuien
(Bérjesson et al., 2015)

nsdan1snassulnirluaaudneiiunuind Ayl iissuslunisanatlganeaiu
wdsa uidadudruniavesnisairedndrinlumseysnumdsnunazdsnndenluny
UniseukaryaaIng n1511RInsn1sInNsnasulii g ldluaaudinw wu AsARR
FEUUNSIULAIDITRS (Solar PV) vundspenansiSeunionisldvasalil LED fiusznda
WA aansaannstandsulninlaegnstitudAty (Boodi et al., 2018) wonanil ansle
szuumuANLataiedalulifuas msdsanadeddlni vt asluimdolldoufidusnis
wilafianunsaann1sauudendsaulnilg (Leitao et al, 2020) n1sbAdusuazaing
Indnfinludemweinsusendandsnududsddgluanudne WeliinSeuldassnings
audrfyvaantslindsuogiivssandamuazaiunsatiianudiluussgndldly
IInUsEa1IU (Christensen et al., 2022). mié’fmﬁﬂﬂiqmiﬁdqLa'%mwﬂﬁt’i’wé’wumuﬁau
Wu nsldndanuainaukasuatofindneluanudnudaduwuimiefigaelilsadeu
aNInanMSTenNsuIInWamE LR Rl wardudunsaisiuiinaaodiinGeuls
Boufifetundsnumyuioulagnss (Himeur et al, 2020)
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nsdanisndsnulnilueansiianuddgesiann Wewinnsldndsnulueinis
ﬁmLﬂudaulwﬁgmaqmau’%‘lmwé’ﬂmuﬁﬂaﬂ (Boodi et al., 2018) nM159nn1snasuluaAg
liifgssandununslindanu uidsiganmansenuiudsndoude Tagsildtuogng
uninaneRon1siniisrUuAIUANNEILSIRTeY WU sruuNsianIndsuluennis
(Building Energy Management Systems: BEMS) %qmmmmmaauuasmuQmmﬂ%’
wdanuneluormslduuuiFealns iliannsassygeidnsldndsnugaiulusazuiuuse
WduseAnSainanniu (Shareef et al, 2018) nslilassadrsiiugiuiidunisusenda
W& WY nieensEanaesty STUURUIUAINUS DU, LALTTUUTEUIDINADA LUIIRA
anunsatsannsidndanulnindldlussuuianudusazganudeulueiansldegiauin
(Leitao et al,, 2020) m3sasululdmasnlsl LED uazgunsailsiiindislussdnsamgs 1wy
iwsesUivemanaziedesldluindug Almsdasufunmsuseviandanuiigs Adudniswils
fsanmsldnganuldegeiuseansnim (Himeur et al., 2020)

nsimaluladlndidrunldlunisdantsndsaulnindudrudrdglunisdia
UszAnsnmnslindsnunazanmsgapdendsony Sunaluladimardlifieaudtaglunis
muaNnslindanu uidiavanminadeuiidiiiluszoven fedrwounaluladind i
Town

1. szvulasselningaaios (Smart Grid)

szuulpsetneliiindaaiendulasselnifidnisimaluladasaumenaznis
doanaitunliiflomunuuaznsvaounisndn, nmsds, wagnsliwdsuuuuBoalnl szuy
HerelFnssendrndatiosnmunniy AANTFYLFINIY Uaza1U15aUSURININNIT
Wasuwaswesnnudeantsndanuldegnesings segradu Tulsswmmanizeudnilding
14 Smart Grid ilemuaunsatendsuliiiluilosdia q ildannsaandgminisld
Wé’amuﬁlmaﬁaﬂmmnmﬁmméfaamawé’wm@a (Shareef et al., 2018)

2. Usygyrseing (Artificial Intelligence: Al) wagnsliasigvidoyavuinluey (Big Data
Analytics) nsthUyanuseivguasnisiassideyarunalvaidnundiglunisdnniswdeny
I Prelvissuvanunsaeuinginssunsidndsnuvesgldnuiazaianisalniudens
wisiluswanldegiausiug Al asnsatieifiuusgavsaimlunsemuaunislindsnuuas
anANgyde fegnaty szuumsinnsndanuluenns (BEMS) A4 Al ansnsaieuinis
1%’Wé’<muﬁuaqmmiLLazU%’umsmuammﬂﬁi’i’wé’mﬂﬁagﬂuwﬁuﬁmmzau (Himeur et al,,
2020)

3. Jumoiiinuesassnds (intemet of Things: 1oT) loT Yaeliia3esldlnilnsinag
angluthunieeasaunsadeudofurinueiotedumesiin uazaunsoauaunisld
wdeeldanszerlng Wy mseAinsrhauvsaeiesUSuomansessuulniaeluthy
Thdnndedadeludinunmsldenisniu fuvalulad 0T danunsatisannsldndad
Lisuduuazifinuszansannisléndsanulaesiu (Leitao et al, 2020) fogfidaiaude



ar

gunsalannivlan 19U Nest Thermostat anunsnaugugamafinielutulimenzauniu
WeANTIUNTIINE YR pg oA

a. waluladudeniyu (Blockchain Technology) udentwuaiusaiiunlalussuy
Tassgliiiudieiuaulussdalunsinnisuagnisterendsau tasanunsoldlunis
Aamunsuanuanslindsnuiiinanuuamdsnuvyuieu 1y ndsulaieindvie
WEsuan TIufen1Terendsanulunainuuy Peer-to-Peer (P2P) F3azdaeliinisdn
mandsnuduluegnediusyansnmuazaonsouniu (Christensen et al,, 2022)

5. 5¥UURNUAUNGSIU (Enerey Storage Systems) STUUANMAUNSIU 19U LUALAD3A
Seoulesou Lumaluladiddglunisdanmdenunyudsu ildamnsafundsanu
druAufindstunuazialfluteilifnmdendenu wu lunanafuvierasiiueds
wdsunyudsuliannsondald szuuinfundsnuiisiuaiosnmuazanuiniede
Tun1s318nwa191u (Borjesson et al., 2015)

nsnaunauelulafind iidndefuasdiifinusaninwnislindanuliih an
nsldndanuilisndu waedadassuundanuiididuntudmivewiaauenani ns
Andaunaamdanuyuieulueins wu nslindsruuaefiadviondsruanaufidudn
yiliuuamsiiaunsotasasnsfonndinuanusmdanuiafuuazanmsdesfinieu
nsyanlaag19unn (Christensen et al., 2022)

nslénagnslunsianisndanuliinedsiiussansamdudsddgitelinisld
nasuRnauAuAfign Insnsuaunatuszritamaluladuaznnsumsdnnsfimanza
Feanunsoagunagniudn o e

1. msldndauegaliused@niain (Energy Efficiency Improvement) n15Usuuys
UszAnsamlunsldndsnuduiuguvesnsdansndnulnii Ssusznouludenisly
i3esldliiuaggunsaliinisfusesintsendandaanu wu gunsallwihifeainusevda
wisnues 5 madsuvasalianvasaldvienasemgesisasuiuniuvaoe LED 319
w¥sutosnimasiiongmslinuemuiutu uenaini mathgeinwgunsalluiiduysesh
qmi’;mﬁmﬂaz?{m%mwLLazamﬂflsgﬁgl,?iawé'wuﬁiﬁﬁwLflu (Boodi et al., 2018)

2. miv‘fﬁzwmmaauLLazmmmmﬂ%’wé’mu (Energy Monitoring and Control
Systems) S¥UUATIVADULALAIVANNITLINE I LU SzUUNITIANITndulueiais
(BEMS) anunsataeliinislindsnuegnaiisydvinmunnturiumsnsainuasaauauns
TindsolunuuBealnd szuuitelifamsoiasannsansianugeiiinislindunugs
Aulunazyinsuuugeldsiuil dregrautu nsuivgumgiiveaniesufueinialuenais
galudRnIuanIneINIANEUBNLarIWINALlEeIANS (Himeur et al., 2020)

3. msbindsnunyuisulassyuuiniiundesnu (Renewable Energy and Energy
Storage Systems) mﬁmé’?&awuwé’qmumuﬁau LU WAIULEIR9RY (Solar PV) %30
wdsuan Weldsmiunisndandsnulninaeglueias Yavannisilanindanuain

WonAanoada uanand N1sAARISTUUANLAUNSIY 1 wuawesaseu ooy Feiy
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nEuduiuindatulutisnarfunadmdsnungudouinuldd gu nanety) uas
thanldlugrefinsndandanuei gy narsdy) silinsldndanuiluszaniaingean
(Leitao et al., 2020)

4. MsUTungAnssumsldnasanu (Behavioral Changes) nsaseadndinlvinugldau
Aerunslindanuegaiivssansamuaznsannislindsedlidndududnnianagnsi
dfny wu msdaliluaziededldlaiudelaldeu madirngunsalldvielulnundsevda
wdsu Hudamsairusagdandeseialvdundnanunieditnendelueinsfiinagle
NAIUBE9ANAT (Christensen et al., 2022)

5. MIVIURNUTANITNANIUTZEEE1 (Long-term Energy Management Planning)

nsiukudaniswdsnuszezeniisuiainismanisainslindsanulueuian, ns
asziuualtiunsmE Iy, warnsnauRumslang ety fesmiensusuidiu
uazauruslindsnumudsuias mavanssuuiniAundnuitelransaldndanu
I¢oeaiiseAnsnmanniulussezen (Cullen, 2017)

Femshnagnsvaniimaunaulunsiansndsnulni ssaelinsldndsen
\AnUszAnsningean annnsgayide uavthedaasunnudadulusundsnuuarauinden
msdavununsiieluladudssgndldlunisusendandanulnitegalugusssunas
Aesrlonigaaasnidudosdinunuogadutuneuiolfifnuadnsdsainuuay Tanald
Tneununsiuneluladmanianldannsautseenduduneuddaldmd

1. Mmyvssdivanugnsiindanuludagiu (Energy Audit and Assessment)

fumeunsnresunufonisvinisnsrvaoundsenu (Energy Audit) iilonsaatanisld
n¥sulueinsieaniulsznounts mansaaeudaglideyaiieatutiinanislindany
Tuusiazdruuaztioszyefiinisldndanugaduly wu msldndsnuluszuuihanudu
wioiAdetUsueInd Mntuisanansoiinseiuasiauonuimslunisuiulse wu nsld
w3edldlufinszaniangs viensldszuumuaudalud@lunisila-Ungunsalluii
(Shareef et al., 2018) m3Uszifiuaniugnsldndanuludlagiu viefiFonin Energy Audit
Hutuneudrdnlunszuiunsianiswdsnudifuszansam Tnensnsreaeviidmune
iensrafanazdsuiunmslindsnulusmsvioaniulsznouns tilensiaaeuindnigld
wasludwlauniulduasiiinnsaydendaulaglidndu nsnIadeuiannge
uwsoonidunanesedu Tuegiuanudesmuazaududouesaniudl Wy n1snsanaey
W&auhlU (Walk-through Audit) luaudenismsavaeusdsdn (Detailed Energy Audit) 34l
NMyiRTEmanaiaLarn1siueg19aeden (Shareef et al., 2018).

1. manusadeyaidesiu Tutuusn nsamageundsnuasiudemsnunudeya
fuguietunislindsnuresenns wu feyadlifvdendsnudldlugasnaidie
nsfnwdeyamaniviilidnlanunlduwessuuuunislindanu faduaadudulunisssy
domidesiuAsitunslindanuiilidue Wy Frenaiifimslindsnuganiunivionis
Tgndsanuiuaudnduluuisdinvesernns (Boodi et al,, 2018) fin13n5I9d0UNtIeY
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ndnlddeyafiugiuuds agfimsesnasunihnudionsatanisliwdanulusasdiues
91A75 WU nsldndenulussuuianudu ssuuliiivieniesuivernia lasnis
nsasuiiarlfinosdiolunsiandsnuiionsaaeuiissutlafimslindsn ugandnfinag
vioiuszansninlunisviaus (Himeur et al., 2020) Fagfpsiimsinniuasiauouuang
Tunsufuugaandeyaiildainnisnsiaaey azimsiiasziingalaluenaisiiinisld
wdsuunAuluiazetsaunsadfulsld Wy maasugunsalifiuss Anaiwdn gy
esesUiuemmSenasaliifuliann widugunsalfiiiuszaviamgs wu edesldlvihid
aanUszndandsnuues 5 viensfadiszuumuaudaludifannsodagunsallwiluilels)
T9au 1Judu (Leitao et al, 2020) usnaini nsinmalulagnisaiuaudlInies Ly
Building Energy Management System (BEMS) wnananglunisinnisnisldnassulueing
annsateiiulseansamldegiann ﬁmii’mwaLLasﬁmmma%y’umauajmﬁwﬁamsammu
wavdsandladiunsuiuugmslindanuuda Tnensianaazdelannsaysediui
wasmsfiianlfiivssansamiiiosla msinanaluszezemaztielinslindsauly
mmaé’amﬁﬂwﬁw%mwLLazmmsaU%’UUqﬂﬁﬁiaLﬁaa (Christensen et al., 2022) n15%1
Energy Audit Saduiaiesdiefdfylunmsssyanseuresmslindumnaziausionialuns
Usuusailtousevdiandsauuazanduyuldegnadugusisy

2. nsindeszuulasstelnfiigansey (Smart Grid Implementation) W&191nnns
Uszifiuaniugnslindanuuds nsfadessuulaseeliihsaeiorazdieliansadanis
nsldndseulufiufisne Wognediusedninm ssuviendoulosiuduesuazgunsal
#1499 Finsradunislindanu vldaunsaufusedunisiendsnuldauaudesnisd
wiaTa Mogradu nsaamsitendanulurasiiaudesnsmdsnuiuagiialutisiia
#89n13g9 (Himeur et al, 2020) n1sAnsaszuulasetielindaaios (Smart Grid
Implementation) Lﬂu%gumauﬁwﬁzyﬁﬁiwLﬁwszﬁw%mwiumﬁﬂmiwé'mulwﬂmsmmn
nFnfifimsssduanugnslindinulueasvieaniuusznaunisuds nishnis Smart
Grid agtelannsnnmueuuarinnisnislindanuluiiuisneg Tdmuanudonisiuiass
rumsideusefuidumes gunsalliiiuazszuudanisteya deilinssrendsnuaansa
QmJ%’ULU?{auié’asm%mjuua3aaﬂﬂ§mﬁ’uﬂ'ﬁ’[ﬁi’fwﬁwu’l,ul,wiamj"mnm (Himeur et al,
2020)

nsvinuvesszuulasselningvaies (Smart Grid) finsldiduwesuazdingiain
fs 9 iilenmatunslindsnuluuiasdruvasszuuliuarannsndedeyamartuluds
guiaununa Teyattelifinnisansoiesesiuazaianisaia wieanisdanuly
ounAn Jsdsraliianansaudussiunmstondanuldmunnudosnsfiuiais snfegis wwu
Tugasiianudesnsndanusi Wy nounasi) seuuazannisiendsnuiiiousevda
n$nens waztiionudon mdsuiutu (gu 92ana1ei) seuuazanusadiiunisig
wdsulaedaludid (Leitao et al, 2020) InsdauBangulunisdaniswdsau 1iedain
suU Smart Grid liifiaudtaglinisdrendsruifniuogisdiussAns ity uddufia
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mnuBangulumsuiusnuanmnslindsnuiiuasundas wu Tuiuidnsliwdanugs
sruvaansadsnmslifiunsendsnuanuvamdnunulswsoszuuinifundanld
feaztwannszveslasheslifuuudafuuarannudewiomainlidy uanaind swuy
FaeliAnnsuaniUdsundsnuseninagldald Wy masdandsnuliiainuwsleans
wanaunsagnuUsuniainlurglunaiandanuuuy Peer-to-Peer (P2P) I (Christensen
et al, 2022) Fsiusylevinedannaouazanudsduiissainszuulaseiglninsaasosds
funumdrdlunisdaaunslindsoumyuiou Tnonsidouseunaamdseumuioui
fuszuulnihuuudaasesyilannsadmdsnuindnanuvamdsnuazein 1wy ndwny
uasofinduiendanuan inldanlfogaiuszansamunniu vonani ssuudsannsndae
annsudesfimiFeunszanlnensannisiiandendemeadalunisudandssny (Boresson
et al, 2015) §10819909715I9MUTTUU Smart Grid fiTaLauvesnsidsEuy Smart Grid Ao
Tasamsludlossing q vesansgeuisnt wu ies Austin lusgiinda Seldinsldinalulasid
Tumsdanmandsnuiiadios Tnsanmsauiunisirendanumunisldauaiuazannis
adendsululasaiioliinldegaduszaiaw nsegrmilsdeluuszimagesud A7
1511 Smart Grid anlglun1smIvALLazInNISNENIUINETEINS I UrYURsY W leans
vhsunasniuteiuan Feiildnamdauasnslindanudulussnaaunaundu (Himeur et
al., 2020)

agUledn 52Uy Smart Grid Liliilesgaelinisdnendsnwduluegrsdangunazd
UszAnsnIngadu urdsasannansenuseduanden wazatuayunislindanumyuien
diernudsdulusunan

3. M5U1sEUUIANTTNEIUlLe1ATS (Building Energy Management System: BEMS)
J¥UU BEMS @1nsamuauuazdnn1sn1sldndenulueinislagsiu wu nsaiunugumad
uasaing warspuuliihdy 1 dumslesgideyadealninnifumes maszuuiunld
sgthsannsgydendanuilisniunezifinyssansannislindsanu feegratu enans
widvdlng 9 luusunedaalusld BEMS ilodaniswdanulueinisgs dstivannisld
nasaula (Leitao et al,, 2020) n1sUrszuUdan1swataulue1A1s (Building Energy
Management System: BEMS) Lﬂu%u’umauéi']ﬁaﬂuﬂﬁu%miLLazmmuﬂ']ﬂﬁt’i’wé’muiu
9AsegnsilUszANSAIn BEMS 1duszuuiinaiunisinauveseniauiuazeenduasidn
fhofu Liielianunsonsatn Iz wagmruaunslindenuvesgunsniing 9 nelu
pInsuuuidealnl deyadlésunnbumesiifadillugasine 4 vesermsnzgnaslugissuy
dunaaiielinnginazdadulanisdnnismdanu (Leitao et al., 2020) MaLIBITLUY
BEMS axmavsiudeyannbumesiinndliluoims wu Wueigamnd Buwesnssduuas
uaziiugesnmatuninedoulm iedssdiuanmiandenluinaiaie (real-time) svuudl
ansauTumsldndsnulamuninudesnisluniasyisnian Megratu nsuSuamumgiily
wedimnyaufuiuauiiegluries viensUnuasairailelifinuey uonani szuuds
annsomuaunslindsnuvenaiadddliiging q Wdulumunsanavzelusunsud
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fualy sihltaansgadendsnuilidndu (Shareef et al, 2018) iunsannslingaay
uazifindsgAnsnmdsanunsaannislindsnul asnsauausnlusiadaiedostunisld
waauAuaudndu fMedratu nmsuvangungfivesszuuuiuernialutiedilaid
flduins viensUaededldludheng 1 ludhanaitliléonu wu nafssuulidalifings
Anaudnluifi vilfenmsanunsaysendandsnuldognadussdniam venand seuuds
HglviEInn1sorasaunsafnaunstindinurituwesuesaeeulatuazasianudynilu
mslindsnuiionafnduldsing dailinisisesnvildesnsgauarivsyansamn
(Himeur et al., 2020)

Frogranilsiivandannudnialunisld BEMS Aeenmsmdadvuslnalulssina
asalu$ Aldszuuilunsdamendsniluoiaisgs shldamnsaannislindaanuldogned

e

o w

bdfy SvUU BEMS Aldanunsausunsinaiuuesssuuusuennia ssuunaaing uagseuy
3u 9 Tueraslaesaludfnuanudeinisndsnulundazgiaiiat Sedwmalialdinesiu
WANUanaIee 1IN Lazfsdisannisuassfingarsuaulaesnles vinlwennisinig
fulunuidulinsfuaanndousnty (Leitao et al, 2020) Feuszlovflusyozennigii
BEMS wldluenmsliiifisstheandldsnesundsnulussesdu uwidihaiunnudduly
svuzen InsanyluSosmansannansenuseduindon nsldndanuiivsednsnimgae
anUSunamdsnuildadidosaditedfy vlinissuiunuvetorasdululuiionied
donAdeItuLLIMINITRAuidBusarannisudesfineideunsyan (Christensen et al,,
2022)

Twagu n1sdhseuy BEMS unldlunisdanisnasaunislueimsliiiesyielinisly
wisnuduluegeiiuszansnmuazannisgaide uidshoatuayunsiauniifinnmdad

wazdulinsnudanndauluseezenn

=

b

4. nsldwmaluladudenwulunisdeviendssuuuy Peer-to-Peer (P2P Energy
Trading) vionisuanunsntuldlunsdaniandsnunguiouiindndunslugusumde
01A13 wapslildnuannsndorendsuduiuiiussuy P2P 18 Wy nsvendany
i iinananuasleansadauiulvtudioutu msldineluladtaetaefiuaudane
Tumi%’mmiwé’amuuaquLa%:um'{Lﬁz’j’wé’qmumuﬁauié’mﬂ%u (Christensen et al., 2022)
nsldmaluladudenwulunisdevnendsuuuy Peer-to-Peer (P2P Enerey Trading) 1iu
Fnslmifivae vl uannsaderendsmumyudouiindndulussuuiosdu Wy 9nuss
lgansiwad vseiwiuay NusEuuLUUNIEAeAUd (decentralized) Inglaifassudinans
videvihisaunans dwilvinisdanisuazuaniudsundsnudululdodadaneuuazlussla
mﬂﬁﬁu (Christensen et al., 2022)

msviauvesudeniwulu P2P Energy Trading udeniuidumaluladiituiindeya
mavigsnssuluguuuvestuiindiliannsaudlulduasiiauvasndogs nmsiudeniuan
THlunsBovendsnudelfduiandsnumuiou Wy afudouiifundearsived aunso
Pendanulnirfvdennmslisuvesmiliiugléaudunglueiovieviesiuldlanss
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(Bérjesson et al., 2015) ynganssuiintussvisdPouasinnpasgniuiinluedetneuden
i Gefiarulusdauavannsonsaeuldlaenndie siliilaldinisigsnssuasniniy
ageAsssuLaylanunsounlateyals laedefives P2P Energy Trading fldudonwudonis
Forendarunuy P2p fldudonivudigiiinanudangulunisdanisndsnunyuiou
ilesananunsansranendanuiindsldesnaduszanawszrinegldauluyey Jeazde
annsfiamszuulassinglifhuuudadn venanidmasanausoanislindinuainumas
nFsnuoadaunzduaiumslindanumyuiouldesunivareuniy ssuuidadalenia
Tfudnaandsnusednuiontidoumludifndundesarfiwadanunsoadiensldan
wasuAAUTININWARLE (Himeur et al., 2020)

51491 P2P Energy Trading Alassnsnatsusisialanfiléisuimaluladudenisy
uldlumsdevendsnunuy P2P fregrau Tasinns Power Ledger luosainside Fald
waluladudenuiialalonaliglisuaunsndorendsnuiinanainumsleafiead
fuedls uenanidaillassnisluglsuiizulmaluladflunsdendednanndsnuneidnly
sqmwﬁmﬁ’uiﬁmmsaLLaﬂLU%&iJWé’NWI@EJl@Jé’@&quu‘%ﬁwlﬂﬁmma (Leitao et al., 2020)
Tnemansznusioniswaunegadiduiu nsldufenmilumstorendsnuuuy P2p duthe
daasudhmnen st idedu (Sustainable Development Goals: SDGs) Tneianizluginu
mMaindndruvemdanunyuiou msaansudesineiieunsyan uaznsaiislenaliiu
ﬁqmuﬁaq5u1uawsﬁdau§aﬂumamSmwé’amuasi”mé’faﬁu (Christensen et al., 2022)

asu milfinaluladudenisuluszuuierendsa P2p Suduedosdiofifidnanmgs
Tumsdaasunslindsnumuidou, aansflanundandsiuneada, waziiinaudanegy
Tunsdanmsndsnuneluueu Taglidosiionianans

5. MsAndesEUUALAUNS 1Y (Energy Storage Systems) S¥UUAMIAUNS 1Y LU
wusmesvunlug relvansafundsnudiuiuindnainunadandsaunuisul3ly
Tugnefilaifinisnde W Tunanansiu nsldssuvifmfuundamdsnumuiiounsiieiia
aaaaeslunTIENE LAz AN INE I NLAEINEIUTlIE B (Borjesson et
al,, 2015) NM5AARISEUUANLRUNG 9 (Energy Storage Systems) Wumaluladddnlunis
afuayunslindanunyuisuliianuaiosuazdBuday ssuufnfundeny wu
wuameivelug auanansolunsfundsnuiindnduiunnuvamdsnunguio
iy wanfwaduietaiuan Fadsumaiiinazgnuanludisnaiifuaunaviodanun
wu naneiu Turaedlenudonislindnueadistulutiaaillifnmdandan W lu
nanashuvdeluteilifion msfindasruunifundanuiehelindsnuiindetuaansn
QﬂLﬁulfl,l,azﬁmﬂﬁiﬂmmL'gaflﬁhjﬁmsmamw (Bbrjesson et al,, 2015) wilsluszuusniiiu
wisnuidenldie uunmeddiSenleseu Jedianumuuiuremdnuguasiiengnsliny
o venaniidadssuusnifundenussanaug wu wuawesvialudeudamlosuay
SEUUANLAUNG 19 IUAIBNNTEABINA (Compressed air energy storage) Faszuuinan i
asuluiFesvesnnuanunsalunsinfundandudiiumnuaganuaioslunisse
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nisuseiedluszezen (Leitao et al, 2020) sruvnifiundsumaniinanulagsy
wasunuaNdandsunyudoy udnfundsnuluguvesinii Wefinnudeanisld
W&su sruvaIzdeendsnusenunitosgliiugléau Fedrsannisiianimdsaiuain
Hoindslaadals

msldszuuAnifundsnuiivszlonivarsuszns swdmsfuenuaioslunisdne
n¥sruuazanmadestenafaliduluteifinigldaugs venanisisannisldndany
Mnunamduilidedu Tnsanznisfenitemameada duduniduiafendni
Aol sUassfinmiaunszan n1sldszuuinnundsuINAULAImAN UYWL IBUYIE
Tindsnuansadunldldegdeiilos uiflutanarfiundmdsnuvyuisuliiaunsondn
1¢ 1 Tunannansdu (Christensen et al,, 2022) fogsveanisldszuuinAundsaud
Uszavarudniaanunsadiuldlunaeyszing wu lulssaooanadofiinisinds
mema%umimﬁﬁ%’mﬁ’ﬂu%a "Tesla Big Battery" 391edmAungsaulnirfindnain
urdandanunyuidsuluiesiunasihunldlussiinnudesnsléndsaugs silannnsld
wauInuamdsnunlidiiy wedihanaldefundsnulitugusuiesdudnde
(Himeur et al., 2020) sswﬁ’ﬂLﬁuwé’ﬁmuﬁwmmﬁwé’@ylumiaﬁuaqumiﬁwmﬁﬁﬂ@u
wiszdelinslindsrumyuiouiiussaninmanniu annmsfianuvamdsnuiinelviae
ez uardiannisudesfimdeunsranfiiinannaanindideimaaeada s

% v

uazmsltszuuAniiundanuiadududfauomnisinlugdenuifimslindsnueg 19dsdy
wazfufinsiuduandon nsinsesruuinfiundsndadumelladifdemuddayidlu
yosmsifinUszansannsldndsnuvyuiiou uarannansenuseduindeuainnisfian
waaauilaidadu

uanannsldinaluladuds nsduadunisusuasunginssuvesglden (User
Behavioral Change Programs) lngduaiuligldauiininuiwasasendnienisldngeau

a

oguiiUszAnEamAfinud ey nseusuuazmsliteyaifeafunisannislindaanuly
Finusviriu wu msUalidlelildon, msldiededdluinlulmnysendandsny wionns
frgumglvenniesusuornialieglussduiimngay azdisannslindsnlussozen
(Cullen, 2017) m'ﬂ%l,mumil,ﬁﬁmﬁi'auﬁ’u%ﬁﬂﬁmﬁmﬂﬁwé’wwﬁmﬂﬁz?ﬁw%quaqﬂ an

Y v A 1o & 1 14 [ A A Y v s o
mﬂmwawmﬂm%ﬂu LazILEs 9T UUNRINUNgB Ul uasRnsuasdinuluszaz a1

2.7 waluladnsdygidiexlssasswde (Cognitive Internet of Things : CloT)
2.7.1 prnumanewazdnvasveanalulaimadygndeslosassnia
wetuladvnetlyandenlosassnds wie Cognitive Internet of Things (CloT) un1s
naunauwmalulad loT uwaslayauseivg (AN Farelszuusng 9 awnsavinssadule
wazUiuiliedndnlutfuazagaain Snuusdureanaluladifonisifeusogunsal
wareUsziamdmeduiiudumeside viliauisasudadoyauuuisealvdldagi
Usgansam Tnglanzlusunisiassidoyailiiuangunsaliduwessng q faansa
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thdeyaluuszanananiiu Al iilelviAansdadulafidnlu@ nsld Al aelissuuannse
Feuuazimurdiesldandeyaiilasuluszozenn deiliiAnnsuiuifmunzaudy
anun1sniuazaufeantsoedliery uenaini waluladddedunumdidglunisda
N1INENURE1HUTEANSN N TglamznITUTEUIaNANAINUHIUTEUUARNARTYA (Digital
Twin) Faidunisafranvudiasswesszuvaiuilennasuuariinseineuiiluldeueie
FeanmudaLasiinauwiudlunsanaula (Ghogho et al,, 2014; Lu et al., 2018)
weluladnalayeyenlesassnds (Cognitive Internet of Things : CloT) Sidnuauzisy
Aemsileusiegunsalsing o HnuedevedumesidaifieliiAansuaniadsudeyauaznnsg
Aereideyaiinafuasivssansnm lsgunsninatasusznaulufedueesfianuse
susudeyanndsinden uazdoyadsnanazgnddlusssuunandvidegunsainanaiielsr
Jaynusedivg (A) vinsuszanana daduddniinaelvinelulad CloT fiUsansnmannu
Aemnuansalunsiaudalud@ Tneszuuazanansavinnsieseideyailssuain
danndeuuazvhnsdndulavieususimudeyailéiu dwelinszuiuniseng o duduly
el masnzauuaaunsalluaiy 9 (Zaidi et al., 2014)
uanani waluladidsdinruanunsalunisiauuuudealns vldszuvan
povauesonTUAsuamTamnnIsaline q MAatuluanwndonegieiuviaed Suae
dinAnulaendouarainuaiesvesseuy diegramilavesnisldauididyfentsda
mMandailuszuugnamnssuvienisuan Maszuugudafdiia (Digital Twin) lunsadng
wuuaenalouvetsrUUII R AT IZiuaTNAdaUNTEUINNITAN 9 neufivzthluldes
Farwananuideuazifivanuudugilunisdndula (Ghosho et al, 2014; Lu et al., 2018)
SINFIULUIARTES CloT Aenisysaunnisvesmaluladiivainvats 1wy n1sdeans
1¥ane msUsznanadeyavuelvg uaznsld Al ilefisdszavsnnlunsdanistoyauas
nsauAy TnglenglussuuenaIunsTulayssuuNTIANITNEU CloT liiieaunyiely
NsRTIRARULAEAIUANEUNTAlNNG 9 widianuaunsalunisinudnludfvasneuaues
sowmnsaiflAntusuUEEalns (Ghogho et al., 2014; J. Sens. Actuator Netw, 2020)
wetuladvnstyandenlesassnds (Cognitive loT) Tdnvusnufisiuiivieliszuy
fmnubanguuazaseunquunniy tneviduiladeddgfonsliinaluladussinanauuy
19 (Edge Computing) Fstheliinisuszananateyafintulndfuuasiniadoyaunud
whesdstayaimualudinand Asilvsanauarduasiivenunadilunsnevaues
y0938UU wonnt msldrudumesiaiosuarnisdoanslfansriumealulad 56 Sufiu
AMUAINNTlUN1TTIUTINkazUsERlanadeyatuUupunldeg1esInsInasaugn
famaniivgliszuaninsannasuanuinunanioasunasldiiug (Zhang et al., 2020)
mﬂg’mumﬁwﬁé’]ﬁmaqmﬂiuiaﬁ*ﬁﬁamii'mLmmmmmaamqf]wmﬂazﬁwﬁ
ity loT ilelsiszuuanunsaieuiandeyalusinuazusmudoyaiuasuuvasld
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agereiios Faaenndeiunuifnues Cognitive Computing fiauifiesesdunisldaud
aINvagLarasaUTULAINIATUIABINSRIEYRIRLY (Lu et al., 2018)
nsUszgndldssuuifausavensludmainuniossaaios (Smart City) uas

s¥UUIUEISRaTeY (Smart Transportation) GeguUnsaluaziduireding q azviaiusuiy
WloiaUsransainlunsdanisndnens Wy naML 11595195 waEnTUINITANSITE
Tnsmstingideyaiildannindoudevesgunsnimaniazaeifiuauaiunsolunis
MOUAUDIVRITE LKA TN TaA U SUSUUTIlaviuf (Ghogho et al., 2014) Tuu3un
494 Smart Campus da1udrunilsvosnisszgndldinaluladmsiygyidenlosassnds
(Cognitive 1oT) tfu fin31i152uu 10T way Alunldifled¥uussdszaunisainisine,
nsdansninenns wazmsadvdandeniideiuluinends meluladianunsaldlums
\Fousegunsaling 9 Tusmineds Wy Wuwesdmsunsaadunisldwdsanu szuumugy
dludRdmiunasainuaziaiosUivena sufimInsadeuamnmeINALazAsIndoy
aelueas ldaunsomununinginsednsiiussansnm annislindanu uagtiiuadn
agnaunelunsldiud (Zaidi et al, 2014)

wanani Smart Campus Feanunsaldimaluladinariluniswaunauindas
n33ud 1wy nsaderesdsudiaissfianisnfunisianiresuatnaziAemnal1y
#eensvesiniSeu szuunisididedeyanisAnwinuudaluid waznisidousedeya
ngUnIaiaadeeene q luivenen uenand Al Ssgmirnldifiediasgideyaiietu
woRnssumslifuiiuazinnssuvesinGeuieusuusnsdnasminennsuaznsliuinisld
a813iUszAVSAM (Lu et al, 2018) Bndumils wielulad Smart Campus Seanunsasiuds
nsldszuumnudasndedaaiosiilindessarlauazifuweslunisnsvasunasiinges
a01uNSUlUIENTA LTU N1IRTITUNGANTIURAUNALAZNITUINRoUBSALULTR vinlinIs
Snwaudaondeluuinedeinruianuuindelu el N13Y38U1N15989 Cognitive loT
AU Smart Campus 3eldifisausdreifivauazainauisiazaulasndte uwidaels
nsdnmsninensiduluegredfunagiiussavsnimanntu (. Sens. Actuator Netw., 2020)

n158nn1sndaauly Smart Campus tudruddgiivrediinuseaniainlunasly
Wé’qmuuazammiqigl,?ism%’wmﬂiﬂi’]uﬂw{l,%l,miuiagmaﬂmigwL%aﬂmaiiwﬁq (Cognitive
l0T) sxUuLfuLgessasuzaINTanTIEaUNT N s UlueIATuAT HoSBUANS 9 uazds
Toyaluunannesunisussinananuuisealngd ﬁﬁa;daﬁ/azgﬂimezﬂmaﬂmmﬂizﬁwﬁ (AI)
demanisaiuazUsuussnmslindsnuegnadivssansnm manuaudaludfivanisiuds
mstngunsallwiluilelaldanu msviuszduuasazgumnliniuninudesnisveagldy
WM lnasuUNaLUeg1siasefindsaufussuuliiineluineue (Ghogho et al,,
2014; Zhang et al., 2020)

wona1ni welulad Digital Twin Fagnuunldlunsdanisndsanuly Smart Campus
Tnvaziinisadranuusiasuaiouvesssuundsnuiauaietaslunsinseiazusuuds
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nszvaunsianiandsnulusuusiassnouiiosiiluldess Asddsananudsdunsld
wisuuagyilvasnsanianisainisldeudrsdildossuiug uenandésanunge
Usuussszuulaiiuaznsauaumninensndsnumunisivasuulasuesanineiniavie
anudeamsvesildanuliinenvalsogednlu® daazdrelvinislindanuduluegiedsdy
wazann1suaeefigA1suau (Zaidi et al,, 2014) n153An15Nav91uly Smart Campus
faanansaldszuunsdoanslans wu welulad 56 Aifeudiguaziinisdoudeiiades
vlvaninsoudsteyaszuinagunsaling q Idedesania ssuvivaelfaninsoaunm
nsléndsanuldedalnddauagsiui daduuszlovidediannlunisanauaidlunig
povauswaziuUszansnmlunislinineins ueniniannsonussuunaandsny
INUNAINGINUNAUNY 19U T9ansiead wazszuuTanundsnudiuszuudnnIsnasanu
wanle vl nunamisaannsilenndsauanurasnsuenuaziiunsldnd sy
nyudeuliagaliusgd@nsain (Lu et al., 2018)

waluladnatyaidoulesassnds wie Coenitive Internet of Things (CloT) Wunns
saufuveamalulad loT (Internet of Things) Aulaygy1Usehvg (Artificial Intellisence: Al)
Aimguszasiiteiaiuaiismnuaansalunsan Ainsed waznsdnaulaliiugunsalude
szuusing 1 nglisndusesendouyudlunisauaudundn enuvangves CloT Suanann
37 loT annsaldonsegunsaivanvatsyusziay LWy lwuiwes fnuay wazgunsaldu 9
ruAsoUedumesidn islianansasuddoyauazihausiuiuldedasnlusia usqailan
WiuYee CloT Aen1skudIne1dyayiuseavgidnanldlunisusesutanadeya vinlvaunsal
wiandiannsnieudindeyaildty uasiannieadielinisdadulawasmsnuauduly
asj'mLLﬁuﬁWLLazﬁUiz%w‘ﬁquﬁu (Ghogho et al,, 2014) dnwazvaanalulad CloT
funseunquariaIsalunmshauLuuEalng Mslesgideyasiuaunn madeus
wuusnlud waznisdinaulamediewiussuulygiussivg ﬁﬂﬁﬁamﬁummﬁwsju’tﬁﬁu
syuuild CloT Wi luniAgaaInnssy Nsvuds ¥3on159AN1TNEIY TLUUAINNTD
IvEouLaTmIUANMSlInsNeInTing q lluuEealnfihuduresignideudelifuszuy
uenniiianuannsalunsiueriemamsniadnslusuanandeyafildsuriunis
ANV Al ilanunsauSuUsaUseaninmnsyiausazanaugy deveamsinens
sina 9 Ifednediussansamunnty (Zaidi et al, 2014)

wetuladvnstlyanidenlesassnds (Cognitive Internet of Things - CloT) Wuuwan
fivannsesasnan 10T (ntemet of Things) Sujawfumsidensegunsalsing 4 dudumesiie

A a (3

euandsudeya Tu CloT lalimaiiailesidunddaedns Jaanuseivg (A) Beilvssuy
LdieuAlousagunsaling 9 wWiseiu widiaiunse An Tasien wasdnduls laegi

gnludd waluladiinisUsznanatoyaiilasuanduigesuargUnsalang 4 vilianunse
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Bouiuaruiui seanunsaifivAsuudadls Taglsifiosordensmunuainayudifundn
wuluszuudanisndinulueiasuiedlessaadey (Smart City) fianunsauSuusanasld
WAIUA AN NWINFBNWAEAINADINTTVO LU lAogeliUTEANSAIW (Zaidi et al,, 2014)
Svausieiu 989 CloT Suzamndens ynausuuealn fivaslvsruvannsaneuaues
son1sasuntasdomnmsaifiinduegieviuil uenainid nisliesziteyavunlng)
(Big Data) wazn1sld Al lunisiBeudandeyaiiAusiusmvinliannsauiugmsianu
vosszuulfedaiiios Belundidu coT deanunsaysannistumeluladdu 1 16 wu
mMsUszanananiuszuuAand Msdeansliaefeinietiny 56 uavszuuAIUALKIL Edge
Computing FetefindseAnsnmlunisideudenaznisnovauss uenani waluladil
Franmsoriuenudsdulunmslinineans lihasdunsdaniswdsnu nmseuaunsly
WAsUNALNY visemsldsruuauNnfdvia (Digital Twin) Tun1ssiassanunseifiousuuss
nszuaunsnewinlUlgauass (Ghogho et al,, 2014; Lu et al., 2018)
wanNANaITatunITseuiuazdndulauda CoT dullunumdrAglunis
wsuaianudasnds Insamglusunismuaunsidifisteyaiarnsnsiadunginssy
filnUnd szuvaINIsansTIvasULAzIlATIERdoyaaIngUnsainatsurdaiionsiady
ANARAUNA WU Mneemanzszuy viemsiideyalumsilimungay vinlkanse
wisisuwazaiiunislesdulaegrednludd (J. Sens. Actuator Netw, 2020) CloT
feansaysaunnisiumaluladdy q ldegrsniewnng Wy msuszananateyasiiunais
poufiafs waznisdeansiiueiedis 56 idauiiuasiafiosnings vinlfszuu CloT
annsadeudogunsalinnuinnuariingiteyauuuFoalnildognasaii lasanis
TuszuuiidesnsnevausstemmnisaifiAntusgisdundu Wy ssvuauaonds szuu
N133AN1393133 wiosruvguamiideulesdoyadvasuuuiiealngd venanidsd
Anuanansalumsdnnismineinsednsdiuszansaimluaniufiogns Smart Campus 3o
Smart City figunsaiftsnuagnifousierinueotiadentu uasiimsdansndanuegiedsdu
ANl sruueuEARIva (Digital Twin) fios1a09n1599uveITEUUae vhlwaunse
Aingunazdiuusanslindanulddasmii (Lu et al, 2018) Belundnifu nsuszgndld
CloT §s¥reiasuanulasadelifiuszuu lnsanizluiunisinvanulaendevestoys
uazn1smuAuMsdndanatsuen mAluladtaunsonsadeunginssuiiinunavionis
we1e1zszuUlaiunsitassideyannisidensdevosgUnsaiing o wazaunsn
uiafeuvdosidumstesiuldsnlui® duilvszuuiianutuasiasndouiniu uenaini
Al Faanusadiglunisdanisnisiondsnuluszuusing q Inlusednsangean

n1smUALaMngIvIeLatainen1elueInns n1sAIUANN1TYINIUTeRATEIdNT Il
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gaamnssy videuinszmansdanisndanuluflesfifinisldundsndsnunyudousudu
SEUUNRINURANDE19HUTEANTA W (J. Sens. Actuator Netw, 2020)

fedu wealuled CloT Sadumunuvesnmatanilugafigunsaiuasssuuanansaviney
Sfuegavigyaatn fanuausalunisimsisisazdnduladiedies Tnsaanisfiany
uywd vilrnsduduaulussuvuidudeu 1wu msdanisndsnu nsvuds uaznisinw
anuvasnde ihilusgaiussansamuasiimudsdulusyezen

2.7.2 sadUsznevveanaluladmelyandenlosassnds

walulagnialymideulosassnds (Cognitive Internet of Things w38 CloT)
flosAUsznounatesuiisiuiuaiiassuuifianuaiusalunisivg msiiney uas
nssinaulativieyeain Tnsesdussnaundndail

2.7.2.1 m3suitoya (Data Sensing) \unisiiusiusiuuaziasizidoyaniu

gunsnluazduweififeusonu Suteadrsanmndeniivgaan waluladisiunis
Uszanawadeyauuuidsalmisnesaneifin Al iflednaulesd siluszansaim Tnseaths
flugiuidu 10T ARM wag IEEE P2413 9aglsinnsdeans N133AN15eYa warauUaensdy
Juninsgiu deasuainuaiunsalunisuiueens anuaiunsalunisiianusuiu was
anuvaonduluszuu loT (Bauer et al, 2013; Breivold, 2017; Lin et al, 2019) #9%1191u
siueSotsvenduroiuazgunsainne Aadluanmuwinden Wuwefnardamsafiu
foyanndanndey Wy gumnd Aty n1sadeulm Ao wazdeyadu q Asudu Joya
ndumesindriigndsinu ssuunisdeans (Communication Systems) dsldinalulasly
a8 LU 56, Wi-Fi, uazimaluladnisdearsdu 1 ieideusiogunsnisng q doyarienuni
lasuaggndeialudsszuunsuseanana (Processing Systems) fannsavhauldfslussuy
AAIAUAZNSUsEAANATaY (Edge Computing) svuviidimiifilunisdafunasyszanana
Foyadrurumniudgyuseivg (A) Iimthiiddglunsieseiuaziiouiaindeya
ﬁﬂﬁizwmmmﬁﬂﬁu%LLasU%’Uﬁﬁﬁmwﬁa%aﬁﬁaéNLL;JuaTWLLazﬁwmﬁ (Ghogho et al.,
2014; Zaidi et al., 2014)

mwaaﬁu%mﬂaLﬁumﬁﬂuﬁ’ﬂﬂﬁﬁmﬁumLwﬂiuiaﬁ 0T FeUszneudensifiudeya

Y

v o

ndugesiazgunsaling q lussuu@ounefudiuduvesidn gunsalivardfindf

a @

penduteyaanmuandon 1wy gaungll erwdy naedeulm wasdu 9 udnidoyadiiu
lpnUssananarun1siiasieideyaruialng (Big Data) wazdanasiiulayqiusehivg (A)
feaseaninuindeudivigaainuasnevauesreaniunisaiuuuiealng Data Sensing
Tu 10T Wuwesly loT vimihiilugadoulosdrdnsznindanadafussuuddsa nsldau
Fuwesiivarnvanedauissuuansnleuluauisgavnssuniswan lnedeyaiildainns
p3duargninlUiienesifioaiuayunisiadulafifusyavsnimanntu (Harb et al, 2018)

Wuwesinaderunindeyadnuiatsn o wazddudiszuunanid wiouensdiiseants
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mM3UszananaIninzlinsUszananafiveulaietns (Edge Computing) tileaniianissly
n1sUszanang (Medeiros & Fravel, 2010)

Aunwvesdoyafitivaniduwesidudsiddgyluszuy oT mndeyalsfinaaim
Wigawe Wy dyaasuniu viedeyafimely msleseideyasiaiilugnisdnaula
fiiawain uAfevanetuldAnunismsufulgsnmnmuesteya Wy nmsaadymraTuny
(Denoising) LLazmsLam%@Haﬁm&M (Harb et al., 2018; Silva & Neiva, 2020) Lﬁ'aiﬁlﬁﬁaaga
fusiusuandefiolduniu

2.7.2.2 YyayrUseziug (Artificial Intelligence - Al) LduialadrAgaes CloT

fivaelunisiiasiziteyafidvuialnguazdudou Al anunsaldlumsieudaindeya
diewmunisdadulaluewian Snitadstnglumsvhuiemanisaising q e ssuuns
Fnaulanarn1sdfiunns (Decision Making and Actuation) \Judnwilsesduszneudiddsy
Fadunszvrumsiintiundsaind Al ldvinsieneideya ssuvagvhmsdnduladeaty
n13Aniunis wu nMslanselngunsalluiln nMsususedAvwas niansmivAuTEUUUSY
91M uanNLeaInsnaeyaviesdindulussgunsalsing q siuszuunsdeans vl
Lﬁmmimauauamameiaiﬁl,ﬁmsﬁulﬁasmﬂm%a (Lu et al, 2018) mMsidoxloanalulad
Jayy1Usedng (A) 1FU Intemet of Things (IoT) Téa$emnuUasuulasegreddglu
vanesnuveanaluladaislnl Ing Al annsadfindaainuanansalumsinssideyadild
9 ngunsal loT thlugnisadrsaninuandeniivigaaianazinisnevaussfiwsiug
Tuauidelag vanov wagamg (2022) lauanslamdiuin Al Tunumdrdglunisuseuiana
foyafiAnaingunsal loT Inianznnsld Machine Learning Tunismsradunaziiasies
foyaifoaunanuasalumsmanssiuazindulalaesmlufmluszuuding o

nsUsEgnAld Al lu 10T du Al gniarldlumstinsgideyaangunsal loT Tuvane
4197 WU MSHINE N1TineRs Lesdaaser LaznsuangnannIsy laslanizlussuy
aun i A amﬁmhsﬂ,uﬂwsﬁﬁﬂﬁakﬂmumsﬁizmama%aﬂamm%uuua%ﬁaﬂmmﬁampm
Fwsing q v9agUae (Chataut et al, 2023) Al fsthefinuszansainlunisinnisteyaly
52U loT Wumsliinaluladnisiseusidedn (Deep Learning) lunisdaasigrinazaianisel
wadnsandeyadnuauiniinanduees duhliAnnsiaung AloTmssmfusewing Al
wa loT Fu3endn AloT (Artificial Intelligence of Things) lideiasuaseanuaisalunis
Uszananadeyauuudealnsl shliAnmevhausmiuindulussuusine fogadu nsld
Al lueSovngldmeiileanmslindsnuvesgunsal 1oT uaziiinuszavdamlunmsUszanana
ﬁﬁaaﬂalé’asmﬁﬂizﬁm%mwmﬂﬁ'ﬁu (vanov et al,, 2022) w1 Al agifindaauanunsolunis
Usgsnanadoyaves loT widsliesiidioslinudddnvatesu 1wy amnuvasafoves
foua nsléndsnuiidrnin uazamdudeuluniseanuuulassadrsiiugiuiiosessu Al
T loT n1suSuuzaussansainnislgn fnuvessruuduesuarnisuitywiSeanisds

[y

Joyasgneliuszansamdanaduiitodfeidfey (Perallos et al., 2020; Sun & Bai, 2022)
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2.7.2.3 m3dnnsteya (Data Management) uieadeaiunmsdmiu msinsizi
wagn15dnsziloudeyaiiiusiusnandueedang q Jeyawaidanunsainluldlunends
e saneiiaAuvsemsiassuuluswian n1sdnnsteyaiifinsounquianisinm
anuvasndevesdoya Jaluesdusznaudidglunistesiunisidnfiedeyanlamunzay
n1stesiunislaudinidleiues wagn1sinwinnulaeniereuasevis ssuuInwIAIY
Uaeadewaniignysanmadiluluunanlesuves CloT wiesusesideyanivanaglasunis
UnUaaiazatunueg1alaendy (Zaidi et al,, 2014; J. Sens. Actuator Netw., 2020) #4113
Ian13U8ya (Data Management) lusguy loT Inanetunsuidudeulaziainisnalulad

paINMangiNe TR UsEANS NN (Siow et al,, 2021) fail
I3 v . v 2 2 & &

1. M19LAUTIVTINYeYa (Data Collection): YoyagniAvaInidulsesuazgunsal
MysudaluiaIovie loT Yoyanilaazeglusuuuunainuans 19U qumngll ANTY
maafoulm vivedes

= v . . v & ¢ L = '

2. Msd8a15U8Ya (Data Communication) 183a31NtGuULTBTILYNAIN1ULATOYY
lagsulusinaeadoans Wi Wi-Fi, Bluetooth, 5G %138 LoRa nsidenlusianeaduagiu
ANYUEYBITRLARALAINABINITANUNANULAT TEHENS

3. n1sdafiudeya (Data Storage) vilesaindeyalussuu loT HUiuraunieia

v & v v v a v & a ' ¢ a & .
midaiudeyadesldinalulagnsdaiuiivanzay Wy randaeuiafe (Cloud Computing)
30 Edge Computing lngAa1ifagmuiziun1sdafiudeyassezeniuazn1sUssuiana
yunlvg) d9u Edge Computing Yreliarunsaussudanadayalalnaunasiniataya
ATRGETPRRIIN

4. msUsvaianatoya (Data Processing) doyaimiulagninluyszunana Feeald
wAlulad Machine Learning %38 Al LilaTiAs1zfikaznauauatiotayaluuisualng 1y

Y A a aly a v = 1Y wa

maudadeunssunUambiuniluanimwindey vsen1smunugunsaldnluia
a ¢ v . ) a v o & 1%
5.1151bA31ENU0Ya (Data Analysis): Maﬂmnmay“agﬂwm‘ULLagUizmamaLLm

insiasgsiiiaisiionauduiusvsenwiliuvesteya Gaaunsavilalaensly

o

L%ﬂﬁﬂﬂ’]i%lﬂi’]%ﬁ‘ﬁgﬂq& WU NFIATIZALTINGINTA (Predictive Analytics) #3an133LAT1E
Wanssauun (Descriptive Analytics)

6. M3uanINaveya (Data Visualization) %’auﬂaﬁmumﬁmswzﬁ%gﬂwmlﬂugﬂufuu
fdiladne Wy nywivSeunund weliildaunsavinisdnaulaviosidunsldediesia
mawansraluguiuuiifinnuddylumaidoyauldvsslovilumeaUfon

lunsdnnisteyalumalulad loT (Data Management in loT) n13dnns¥eyaluszuy
Internet of Things (IoT) finnudAayesBailesangunsaldruannluszuy o ad1edoya
$ruausnegwiaiies mydeneiuariniudoyamaifeddmaluladfidussansamgs
u3Tyv8s Marjani et al. (2022) lana1ifanisdasigndeyalugly loT waguusi



61

amﬂmaﬂssﬂmLﬁa%’mmiﬁuﬁa:ﬁamumim Tuvmsdl Hajjaji et al (2022) 1#d1519
TassassiugilunisdaifivfogauarnisUszanana swdnisudslssannisinssidona
ondunansduneu 1y Msdieneidmssan msleseideianisal weznsiagie
\Berivun

Tudureansuszananawaznsdanisdeyalu loT dussasdianusimenaisysens
wilslutlyvndnAensimfuteyalussuuiitidedrinsnunsneans msléinalulad NosQL
wagszuudniulnduvunszanaduisviefilasuanudoalunisianisteyaluglu loT
(Fawzy et al., 2022) nM33nn15¥eyaly loT JrsndansEuIunsiTuaunaedunoud s
M5AUTIUTIN Msdoans msdaiiu msUszanana wagmsine lnelinesiiovats
asmﬁgﬂﬁwmLﬁaszhaiw,wiassﬁgumau (Ahmadova et al., 2021)

ns¥anisteyalu loT Sansiiusifiuvimeiidfgyvateusznns lddneziduaiy
Uaendovesdeya anuiilunsuszananateyavuinlvg uaznisiinseidoyad
vanvaty tnidenareviuldngreausitnmslnilumsiauiunanofuiiaiunse
Jansteyalaegraliuseaniamluy loT wu n1sldnalulad blockchain Tunsnsiraeuy
AnugndisswadeyauaziiumuUaensds (Zhong et al, 2022)

Snuilsesduszneuiifianudrdalu CloT Ao svuugueafisa (Digital Twin) Fadu
nsafuuutasuaiiouesssuuINIeniidiegss uwuudaositisliaunseinsed
LagnAdeUNsTUIUNISAe 9 tarmiilaglisdudesdinisnaassuussuuase Fatae
anAudsazLiuauusluglunsUSuusassnaula uenan Digital Twin §9a73150
danldiilorfinusganiamlunisdanisndsanu nsuda uaznisiargeinw vilife
nsUsgndaninensuarannisgeyidendsany (Lu et al, 2018)

Cognitive 10T (CloT) waz AloT Wuasswuidniliiertestuniswaunmalulad loT
waslauuandnaluisianunsauszyndldnisussananadeyanaznisidoudifietin
UszAnsawliiuszuulng Cognitive IoT (CloT) jaiiulufinsiumaiianisuszanana
LUUBIATITABUL VNS LTesaNe sy we e lisruuainIauy Boud uazuiuin
auanmuandenldlaeinisufduiusfunyudiesiian CloT 14 Cognitive Computing

a

FadunsUsznanaiifaunduuifielfindesinadlauasdndulalindioada fuuyud
Tnsnssrusmdeyaanuuassins 9 uagldnszuiumsoudidudon 1wy msldlueanis
ﬁmﬁﬂmﬁﬂﬁisuummmLﬁi’fﬂw%umLLaw‘hmiéfmﬁuﬁlﬂuﬁzﬁugﬂﬁ (Zhang et al., 2012)
CloT fagnoonuuulianunsauiudginsinulfedisdeidedasnsléteyadounduas
assnrmduiusserideyaifielinisindulafifiussaniamanndu (Wu et al, 2014)
Turguedl AloT Jumsysannmstaanusehvg (A) 1iu loT Fa Al azgnianlaluns

InTeikazisauiaIndayail loT 1NUTIUTINNT Mnduszuuannsadndulasazandunis
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lagdnludia AloT dadnuaiuisalunisussatanawuuiealnyd 1wy n153AT1ERtayadn
gunsal loT MInsa88gn kagldn19i38u3veaA3ed (machine leaming) Lilaa31953 UL
aaawaznavauadliodg1afiusz@nsnin (Jameel et al, 2021) o1y qUnsalauisv
laufianunsausumsvihnumungAnssuveldlalaglddasdinisdadaimel Msansen
[ 1 q’f: v [ ) 1 =] a a a a’f{ :’/ g v
Poyawantigiglinisvinululiegrafivssdnsam uagssuuiinnuaaauintunnasld
91U (Zhang et al,, 2022)

aguledn CloT yatiunnsiauiwuuitassmsdygyridsusuunishnvasysdias
assanuduiussenindoyaielissuvanunsadnduleegnigeain du AloT Wunis
HANKAIUTENTIN Al ke 0T Litelissuuanunsaseuindeyauasysudilawuuisealng
FansansuurAndianudaglusuinnvesnisiauivalulagivonlesassnandinieiu
nsysannsvesnalulad CloT Nawailvilissuuiianuaunsalunisuiuduasneuaues
pomnnsaliiintuldsganinsueziiuszdnsnn esdusznoumanivinli CloT ldiiieaua
Wouleagunsalde 9 wiAdianunsaseusuasiauIAILe L Nana UANDIRBAINADINTT
a v 9 Y =
Mdguudaresanmuinaeuwazgldiuldegrsngamaiarsdulussezen

2.7.3 anUnonssuszuvvaanalulagnislygitonlosasinds
andnonssuveanalulagnisleygyuioaulesassnds (Cognitive Internet of Things:

CloT) Qﬂ@@ﬂLLUUN’]Lﬁaﬁﬂﬁizuu5UL‘VIEJ§L‘IjG1“UENa§‘JW§<‘I (IoT) @snsavineulaegnsyigy
2810 lnenswanuwmeluladnisuszananamstugndilululassadiavesssuu o7 el
n13viuvesgunsalsine 9 Tussuuanunsausud daduls wazdnfunislalaednludd
Tssad1enes CloT Usznoudae 4 fundniifinindenlosuazyhausmfuiioadsssuud
annsaUszananauazdadulalduuudnlud® dunsnfo dunismuaunisiud (Sensing
Control Layer) adousefuanimuindeusinunsldidumesuazgunsaingaindeya lned
mafudeyailésunnasseutreanldlumstssnana tuivinnuiuty dudeya-anumne-
A3 (Data-Semantic-Knowledge Layer) ﬁﬁmﬁﬁﬁuﬂmﬁﬁagaﬁlé’%’uLﬁuﬂmwmwaz
Auifton1siiaseiidedn ntudoyamariasgnawioluds dunisdindula (Decision-
Making Layer) %aizuuaﬂ%’%’auﬂaL%qﬁﬂﬁié’miumsﬁﬂ?{u%LLazﬁflLﬁumimauauaqﬁ
wngay il madnauleansiuegfudeyaiisiuruléisannaninuindonynanieninuas
gl ludugatiefe dun1sUssfiunauazu3nig (Service Evaluation Layer) Ssagyinnis
UszilunaveInsaiun1swagliuinisniuaufeIn1sveelteg19iiu st ansnngean
Tassainaves CloT PagliAnnisinanusgwdaluifuazdaaioy annisianuyudlunsg
dnaula iinuszAnsnwnislindanunasnineins venanddsanmisntluuszgndld
lunaneanaInnssy 1w MIvudidIniusuazssuudseiaaunn (He et al, 2014; Sassi et
al,, 2021)
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aemememenmeetenanan |

Social World ¢ Foct Netwaks )

S
-

et esesesee

Service Provisioning

(Sensing-as-a-service. ...

Performance Evaluation
(QuS/QOEMQouDXol, resource-

gverything-as-a-service cfficiency ) Service Evaluation Layer
Decision-Making
(Cognitive selection, reasoning,
planning...)
Decision-Making Layer

Semantic Derivation and
Knowledge Discovery
{Context, ontelogy, association
analysis, outlier analysis...)

Learning-by-
Understanding

Data Analytics
(Heterogencous/nonlinear/high-
dimensional/parallel dat
processing...)

Perception/Sensing
(Large-scale, heterogencous
perceptons/sensors )

it 2-3 aontnenssuveamaluladmeeya (CloT) (Q. Wu et al,2014)

anlnunssuvesnalulagnislaeg (CloT) Nuandluniwanunsaesuislasgaziden

[

&
PNU

FUN13AIVANNITTUS (Sensing Control Layer) utuusnvesanidneanssy CloT 9ivi

=

MINLaNARAUANINWINGDUNINIEAIN (Physical Environment) Ly ng aunsal w3e

o v . . o v v e A & v v
n3nens Ingly Perception/Sensing (M3suiuaznisididuiges) ianulayaannaninwindey

Wi nssudeyaninaamall uas wiensindeulmn Wuwesinadezdiayaniiulaludey

Aoluiiion1sussanana He et al. (2014) na1vinnistdnissudmeduwesdl fanudifey

¥ a 1 QI

lusruudaney 1Wu seuvrudLaiAToYIendudlasey Ingdayanlasuasdieiiiy
UsganSamuazanudangulunmsmivauanimuinges
Fudoya-A11unU18-A1113 (Data-Semantic-Knowledge Layer) Yayanlasuan
& ¢ | S0 X4 o Y a . a ¢ v = 9]
WulesazgnawnNvuil Favimi1n Data Analytics (NM153tAs18YiaYA) LlouUasdaya
Fuwunmmaliiiuaununeuazaaus (Semantic wag Knowledge) lngldinaianis

Uszananaidudou wu msuszinanadeyailidudadunionsuszananadeyaiuuuiu
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fetutiazdelisruuanansofuiiasdilaanumsallussduiianiu Zaidi et al. (2014) sy
Insulasteyaliiduaiiinnuddylunisuszendldlussu CoT famsavihauls
wuusEalnlwazUsudmuannuaIndeaulaviug

Funsadula (Decision-Making Layer) Wloszuuldsudeyaidednuazaumansudy
Futlagyintiilums Decision-Making (M3dtndula) Taglénisidenfivanzan nisléivmua
LAYANTINUNL 1YL SEUVaITaAennsnoaussivIzauandeyailisuanidues
warmslesed ilelinismevauaduanimundeudulunuiidadily szuu CloT Syl
Lﬁmmié’mﬁu%ﬁmzyammimaﬁﬁugmmﬂ%gaL%w%‘uw Fathwanniseninisindula
yosuyud Sassi et al. (2021) ndmdsnisihdunsdnaulamnlflussuvauivdfifiousum
Aoan uNIadlaed19dmnluga 1w TunsdanisminensndsuuansuEs

FunnsUsvifiunanaznisiiu3nis (Service Evaluation Layer) ndsannnisdndule
Tuduountnd svuvavinnsussdiunasiuduiilnents Service Provisioning (Ms1¥u3ns)
F90190¢luzuuuuves Everything-as-a-Service (FaaS) Insuinsnaniiazgnuiulinsaiu
mméfmmwaa;ﬂ%muua3U53Lﬁumaﬁasﬁa§5mﬁﬂq 9 19U QoS (Quality of Service) wag
QoE (Quality of Experience) tiansa9aauaaudiavesnisdniunisuazyiuugenis
vhaueeereiiios He et al. (2014) szyimsussidunaiivisliszuvaninsnysuugenis
Tansuasiiuussansamlumsdnasminensléfdulussezen

n1sFeunuaudila (Leaming-by-Understanding) nssuaunisiseusiiuiile

fyvetanlnunssy CloT lngszuuazanunsaissuiandeyanlasunasusuiilvnau
ilo

dlerrandiuly szuuilasld38n1s Leaming-by-Understanding §snunea2119155 Uy
sgarunsalTuusanuatunsalunisdndulavaznisliuinisialaedalud@niunis
Wasuudasluanuindeunazdeyadidnun Sassi et al. (2021) seyinnsdoudiaagly
szuvimnudanguuazaeuaussionsiasuuadlisin

agUud andlmenssuues CloT tuusznaufenansduiiauiiuiuessszau
danmaetszringlanniinienn lanlwwes wazlannsdsay lneldmealuladdygiussivg
waznisifoufifleliszuvaiunsovinauldegresdnluiduasivszansaingegaly
anmundeuiuasundaslinasaiia

2.8 uiteiiisatas

N.Kaewrattanapat , P.Wannapiroon (2018) léi¥n1533u13esuuudnaesesdusenay
109n15¥ansinAnwduiusdnsusiiinannisduasieiuuusiasinig IAN13QNAN
Futusiia 4 wuu Ae wuudiaes IDIC wuudaedlgyanl (CRM Value Chain) wuudnaes
AUIIOULYDN Gartner (The Gartner’s Competency model: Eight Building Blocks of CRM)
LUUT189INTEUIUNTUTINIGNAEUTUS (DEAR Model) wagyinmsusuussliiiniuuiun
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n1sdan1snAnwinsnidnduiug saudslinsuuinmelulagdaniey fe n1sviAdeteya
dusteusraulldiBsaunun seuunniuny uasdnanadoud uenaniddiniunelulad
Juwefiaulilunisdeasidueiesinsnase wuudiassfananannsamilulssgndldla
iihfuuiunvesusias anufnwls fBouazlifuuszaunisalifanszuunsdanistindn
duiussanioy inenufewelalunaiounis aeunaznslidinseninei@ney e
mnuasinAndeanuAnw uazileduianisinvdutudinudiitaned anusdnynitunay
Foemsiidausalumsimunaauinuwiliaaidunsaesmstauguamnsfnuidmaso
A shidsasanuAnusianadusulszana aunmmsdanisSeumsasy samnisaseg
yostinfnuuaryaains FeiliAnnmsianUssinaoeedsdy

Song et al, (2012) lgvihmsideiEes szuumsinnsmdanudaaiesliinaluladnig
szyufiuaudiionislindsanuegreiiuss Ansamuazuasnsts dreliigldannsanuveunis
T4A309m10A21UHBINTT (Intelligent Power Management System Based Impedance
Identification Technology for Safety of Power Utilization) Iagn159an15waI91un18
wealuladfildiuieaseuaguizuuuinngsudig q feenuuuaniioifiulszansaiwnsld
wisnunazmslameuiugldnnuimhidify 1o ssuunmsdansmdsnusaniosild
nsszydufiuauddmiuniinsisasugunsaifiududy uaznsianiswdauildauine
Tugunsafdeasfidaldenilusenriumslinourosldiviiy

Hyung & IL, (2019) léins3daides nmsdansndsnusaades (PM) l¥nsauAuLuY
Ufudiileriinusgansnmnislnaveandanunaznislvaveseininvesnesinsaiees
Tussuuiwadidomdy/uumnes Wslsyansnmuazdsyansnwnuivanuazaniuziunine’
mMsdansndanudaaierdmivssuulauintieiinyseansnwnsivareandanunazng
Frormanuannuuidealng uenaniszuunsianisndanuiivuatesunisdaf
LuameiLagmmuaNnsriiielullainfinisnssaendanuegnsdiusyAninim usaed
At udaravimediaseglunisussaaradniuldanauasnisseusussu
fenanveflifsenatavinensianldosisunsransluniadausingg

Hassine, (2024) léin153481309 Internet of Intellisent Things (IoIT) N&wS3Y IoT
uag Al ilfimgremenimnaneidusaniey Tafuazssiuluingusrasdsiuiu Woulss
weluladfudssing o Wegrafiuseansam walwladnedyglaeianisesadainunis
YIUINIT0Y Intemet of Things (IoT) uazdeygussivg (A) d1uawaruazaInlunsg
Foulsgunsaluazunastoyanis 4 nadeudedergliansnatrunietisdaniosi
aINTOAATIE YIueuarAmUANanUzYesgUnTaaneud AT s URTRUFATUS
FiPuuarAIndon LuIAATEY Intermnet of Intelligent Things (I0IT) WUN15AFUYBEYIA
vosTagmuemenm vilviaunimhoulaeiinguszasdsauuazanuannsalunisUiui
uananil uuuaesnskiudsdndudmiunmsussinanateyaidoulowuulaunin
asrstulnmaluladvand Lummﬂﬁyuwagaﬁuumimgqummmamaqﬂumsfgm e e
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wuuFealn Inesaudinsiauinfiusening oT way Al heifiunuainsavedgunsal
limevausazyaannniulumsldneuiulan

Tien-Wen Sung (2021) léin15ide3es waluladuazueundinduiiygssiuiues
CERIER (Artificial Intelligence of Things technologies and applications) lanui1 n1suaIu
susgindyuseiug (A) uazdumedidaidenlosaswds (o) viefiFenin AloT Wu
wunAndildsuamaulagrannlutlagiu esandreifinuszansamlunsianisuas
Ansgsidoyaiiinaingunsailidessefuiiuiedetis nsuszananateyasiuauiin
Fisrusnldann loT i Al Faelianunsarhnisdndulasazudlatomildegnafiussansam
wazmavauessedoyalaodissansa AoT ligniludszandldlunalediu wu n1squa
quANEIRToE NM5IANITNEIIU uaznIMTIvEeuANUADady Sujudiunisudlyiym
ﬁﬁmwiuﬁm AloT Bnanei3es 1y mawaunmadanisdugainuvansvesteyaain
Guasiunnsnaiy miaLm%mamamwLLavmiammmmiausmaﬂ (Deep Learning)
way miﬂiwiqmmLLmusJ'fLuﬂ'mvumLmuaﬁuaqLezjul,szjai uenvnil SeflmIedentunis
asraduigmluszvuifugesifioiinuszdnsanlunisiiaciuvesszuu AloT lu
ANNUINaeNa3I0819L5AM N AloT SURTYAUAINURINIEG LU ANTUTaUVRITYUY
AMNENNS0lUNTVEN8TUA kAzAINLILE1YDINTIATIE Farinddeldwenenaiamn
3305t 9 wileudlodynndii wu miﬁ@ummv-ﬂuiaﬁmiﬁauﬁﬁumLf-ﬁ'aaLLazmi
Anseitoyaludedn swideluidedijaduluinsiauimedadefuussavininuas
mnuusiuglunsusznanadeyaues AloT ilensuaussienudesnislugaRiiiaiingg
WasuLUaI0E1959n57

Liu, Y., Xu, X, & Yang, . (2020) l¢vin3dai3es n1sléinelulad 1oT wiefinuszansnm
Tunsdanmsndsnulueias wansidenuin madeslessyuuduees loT ansatisannis
Timdanuldunnnia 15% lagnisuusmuanimedeunuuiFealnl nquiegwilife
pmsdanserlulsemaiu defunudin ssuumuaudnluifvisanaududenlunisda
NN LLGi“?J/af\T’lﬁ'fﬂﬁaﬁ’ﬂ,“i’fﬁ]'Wéﬂumﬁ@5\‘1L%UL"?IEJ%LL@%%UUET@NQQ@E\J;

Wang, H., Chen, Y., & Li, Z. (2021) ¢%3de1304 nsuszendld Al uag loT Tun1sdn
n1sndaugIasuslunseviendanulnin nan1933enudn ssuudyyiusevgaiunse
Funenislimdsnuarmthldesauiuguazdislunsdndulavudsunisl dnundsny
Fosrvainuiemudedumslauimslsvesiiiinty

Patel, M., Singh, K., & Gupta, A. (2019) (CHARETIGER N13YTUINT loT wagIzuy
AANIALUTEUUIANITNATIU Nan133Tenud1 nsldssuuaandausadniutayandsay
Pnduweslieddiuszdnsnm vlrnisieszinasnuanansailawuuisealng wagae
annsgaydendnu dedrfnfeauimelumadendeuasaunaiosvoaeiotnsluiiui
wslna
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LarnsUsmsIamminennsiullednediduinniy waniseneildiaenadasiunisise
84 Liu uaganig (2017) fszyinisldunanwefunsuszanananandluineunsaaios
Hrelunsdnivuagiinssideyaliegnaliuseansan diuTaauanunsalunisuiufives
SEUUMIIANITNEaIUlLINe R

6.2.3 mﬁﬂ’wmswumié’f@mswé’wu@jmeé”;ammiuiaﬁmaﬂzgfmL%amimaiiw?iq
dingundansey LAWMUINIunannIs 1995015WAIUITEUY (System Development Life
Cycle : SDLO) foufiazihszuuiiwauiluudmssamsndsnulniinluaaidunisinwuasInen

wadaases Ingnsusmsaen sndsnulndnduniswauissuunasnndesdunusiun1san
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n1sndauaIna nglduuifnvesguia@ivia (Digital Twin) TunsmuILUUTIa0IRTATN

¥

$raessruUnSIuTednen eludunsnan nstaiu wazmslingany matiutoya
2ngunsal loT uaziduweiiidadluinenen 1wy w3edldlnih sevuuasadng ssuudiu
9 el “an Taednsuautumaluladieyayn (Cognative Technology) Fan1sldimalulad
Uayayrusedivg (A) lun1simsendeyanie Al Weasauuuiiasanisaianisainisldngasu
fin514 Machine Leaming iilousuussuagiiuuszavsnmnislindauegsdoilosuas
nsdeulesassnda (loT) Inefinsfindegunsal IoT Manenamfiofudoyanisldndsy
wuudealng warinsdeusdessuusig q iueieriedumedidaiieliaunsodeaisuas
uniuldegnfivszaniam ensvausianudoinisdundsnuluinenonuuy
Sealnil lnegurandviaidunisadauuuitaesidviavessruunisianisndsauluing e
Feanunsodiastagyuenansenuainnslidnundsnusig o Wegraudugt welulad
ﬁmmwﬂazﬁwﬁ%ﬁmﬂﬁumﬁmeﬁ%@gaﬁlﬁ%’umﬂLé?iuma%uazqﬂﬂsai 0T FiRnsasth
9113 Wielvszuuanansadnaulauaziulginslindsnuldedsdiuszansaw dennsld
AudaRdvasiuiu Al way loT asnsafiuuszansannslindsnuluinenunld annnsg
g dondany uaziiiuanudsBuliiuineiun
uananidsaglunsnsaasuuartissnugunsaisng 1 luinewen silfanunsn
szylmuazudluliegninni nudsmsaieannuadeunmsFouiuaznsyauiiy
fnsfudaundey ansununslindsuluszeren wasifinaunmdinvesgldanuluine
e uenuilonniewsmdanuudnsruuisihnsnrdeulasLanINaA gl AU
Fainasenslimdsnulnivenaisslfuonmanislusinsvesinewnsa adey nsasii
NM19AMANTSAIATIUMAZANYBIANINDINIALAAIULLASTUDI AR T i TWin1svinauves
i3esUSuanevhauldesaninanuasiiussansam warludiuvesuasaing Adesdinig
Tindsaulih Aagrhnsda-Uasuudmluffdelfnislduasainadulusgrafivssansam
sguvannsala-Ualuihuuudaluf@idelinislduasadnuduluegrafivseansam
nsRnsuduesasisdunisadeulmuaziasainanislueins fasannislindanuly
Faaaitlilfinisldau Tneszuuiaansoanmslindmudmsunsuasainddas 30% e
WeUAUTZUULUULANKAZN15UI 395N IMAZN1IATIVADUITUUAINITANTIVEBUADIULNIS
vhavesgunsaling 4 uasudadeudenulgmmiemsianuiaund silvinistigeinm
Julvegremadiuazdvszaninm dsdudomesanuddu nsannislindsnudmalian
nsUdesfudounszan uarafuayunudidunsdanndon wenntudsseuaende
PnuRuAnlm stuvtgiifumesnsindunsduasiiiouuazuanaludunsyuesauuuiaa
sTUUEBNTanTITUNMsAuazieuiiinnusuAulmLazud LU UT U YAA NTHIY
LATTUBIALUUATYA WielWanunsosdumsmutuneuanidulfegieitusiae nedinsfads
Wuwesnadumsduasiiieulugaddgytnoifinanuvasadelsiugldnuluine s ua
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delsgldsunsudeyanunmeimiawazaunsadidunisnutunouiianzaussuy
annsansaduan PM2.5 auanssanisnnaiadunsuazilavuuunsvusiauuuiia
iligldanunsudeyanmunimeinawazatusaanaulalunisaniufanssusing q aely
Ingaaldegramnzan lnsfinmsudadeuden PM2.5 Rusefuivasnds sivlviamnse
sifunstlestunazulaléviurie Snffsdsdinsuansingaduaivoulaeenlefidufied
Lifduazlaifindu Tnsszruuuansmasiuiudulsifiugnifiegaduasueulaoenles sinld
Asunsuimansgnumauiniifinannslindanuianasiazasugndulsiszuudum
wazuansnatfuduudulindesgnifiesaive nslindsonluinenun ilkidiuisan
nerg1nlunisanUsuiamsvsulaeenled Han1IRUITEUUNITIANITNAIUALN AR
welladmedayauay 10T luineandaasesfiinauslueniddod wanddiuinnisnan
waluladaudnfAdvia, Al iag loT ansafinuseans nnlunissansndanuldededaiau
sruudananibiiianisdaivuardiasziteyanisidndinusuuiealngd dreannis
gaidendsany uazdnasuaiudadu Tnslawiznsld Machine Learning lunsuiuuse
UsgAnnwnsliwdsnueesdeies denadostuauideves Liu wagamy (2017) fluans
Tiiudsuszlevivesunaniasunanauas loT Tunisdanisndsnuluinenandaasey
uen9NE N153d8783 Mattoni wazame (2016) Ssatuayudn sl loT waziiuwesanunse
anmslindanuludraanitlaidnnsldanuldda 300 Tnsan gluduuasaing Tudrwesms
mmﬁ‘uLLaﬁmswﬁ%’auﬂamﬂLs'z‘jul,szja%ﬁamﬁgqﬁ"ﬁwmm $1U3YU99 Mariappan (2018)
gududsnudfgyueinsly loT Lﬁasam’mﬁagaLLazmﬁmiwﬁG’ha Al ielanunse
yhuneuazUsutganmslindsnulfessdiuszansam uenaini nsldiduwesasafums
duaziiiounay PM2.5 fatheiiiuesasafonazaunn@ialuine s dadululufians
derfunisAnuluaanfunsfinwlanfilinuddytunsdanisndnuuuudBusas
Huinsiudanndon

6.2.4 wamsﬂimﬁuixwm'u?%’ﬂmiwé’amuf-jl,l,mé’asjmcnﬂuiaﬁma‘i‘]agaunL%ﬂmaﬁsw
dsginenandaadoznmsussiduideng faumnzanoglusziumniian dauandi
wudanisldszuunsdanisndsanuguraidvia (Digital Twin) natuduwalulagniadyan
uagnsienlosassnds (IoT) Wunumeiuaiowasiidnenimgslunsimurine s
SaaseelifussAndamuasdadu eludunislindanu msdnwanuasade uazns
afanmundenifidmiunsdouiuaziiau lnensuseyndld Digital Twin Tuszuunis
Jansndaubiiianunsadiassaz iuigransenuannsidaungsnulaegnaiug)
PelainsndnnisuazUiulsinslindanuegseiiios mssaudu Al daglumsiasigi
foyannduwesiazgunsnl 1oT ARndeinean shlssuvannsadadulanasUsuss
mslindanuldgneiiuszanam Ssdussuunsdnnisndsnugudafiviaddmalvianunsa
MUANMTINNUTRITTUULAIEILazIATDsUS U MAldg iU s AN AW Tnefin1sfing
Huwednradumandeulmuazuasainafiola-Ualwiwuusalusia annslindanuls
UBNIINNITIANITNAWIULED TEUUEIT0ITUNITNTIVADULAZLARINAAI QNN AT
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gunsal andununslindsilusyezen waratuayuaudadunsdannden siline
wananeiduaouifieguazduaiunisFouiuaznisitauegsdadu ﬁﬂ‘ﬁﬂﬁuﬂim’]ﬂﬁi
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wiug FrelunsuiuissssuuliAnaudsduinniy Gsaenndestunuideres Jiet al
(2021) Fusuiunaluladgurnidviaansafiuuszansnwlunisdanisndanu annnsld
Wity wagatuayuanudidunisdanndenliegnsd lasangluaninindonvedine
[wndaadesfifinisysanns Al uas loT Snviedsaanadosiunisifeves Abdullah Az
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ABSTRACT

The purpose of this research study is to develop a twin energy management system with intellectual
technology to connect all things 1© a smart campus and to evaluate the suitability of a twin energy
management system with intellectual technology to connect all things 0 a smart campus, The research is
divided into two phases: Phase | is the development of a twin energy management system with intelligent
technology that connects all things to be able to meet the needs of energy management within the smart
campus. Theories from documents and research related to physical energy management. It then synthesizes
and links the relationships of all the important physical elements to design the architecture, Phase 2 is the
development of a twin energy management system with intelligent technology that connects all things to the
world, which consists of 4 main working system components, Part | is Physical part Synthesizing various
areas within the smart campus that must be equipped with smart sensors to process data and control smart
devices in that area to have an environment suitable for learning in a smart campus. Part 2 is Energy
Management, which is an important process of managing data received from sensors to process various data,
Cloud Gateway, Streaming Data, Data Lake, Control Applications, Data Analytics, User Engy Business logic,
and Part 3 is Intelligence Technology, consisting of Machine leaning Decision marking and Models algorithm
that analyzes and forecasts energy management intelligently. Part 4 is the Digital Twin part that uses the
dashboard to display in a digital form that is like a physical aspect of communicating with the user. The
results show that twin digital energy management systems that design and develop the system can be used 1o
manage energy in smart campuses at the greatest scale,

Keywords: Digital Twin, Energy Management System, Smart Campus

1. INTRODUCTION problem of energy consumption in buildings has a

In the digital age where technological
changes and advancements are the driving force of
the economy, society, and industry. In terms of
energy development and management, there is no
difference. In a world where energy 15 an important
resource for livelihood and economic development,
Energy consumption in buildings has become a
major factor with a significant impact on the
environment.[1] Economy and Society Effective
management of energy in buildings can help reduce
negative impacts and increase energy efficiency. The

large impact that is evident from climate change and
energy resources. Improper use of energy i
buildings also affects the performance of equipment
and systems, such as heating systems.[2] This can
couse equipment to deteriorate faster and reduce the
comfort of residents or users, This affects long-term
productivity and productivity. The cost and
cfficiency of operations and inefficient energy
consumption in buildings lead to higher operating
costs, In particular, electricity and heating costs are
a high financial burden and cause unnecessary
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increases in operating costs of businesses and
organizations.[3] Using technology to increase
energy management efficiency can effectively help
reduce these costs. The uneconomical use of energy
resources in buildings leads to inefficient and
wasteful use of energy resources.[4] This has led to
a rapid decline in natural energy resources, This is
one of the factors that cause energy prices to rise and
the risk of future energy shortages, Good energy
management can help reduce the use of these
resources and promote long-term  sustainability,
Climate change, most of the energy consumption in
buildings still relies on fossil fuels such as coal.[5]
This is a major cause of greenhouse gas emissions,
such as carbon dioxide (CO2), resulting in clunate
change that has global impacts such as global
warming.[6] The need to reduce greenhouse gas
emissions makes energy efficiency in buildings
critical.

Improper energy management can  cause
uncomfortable ndoor environments such as
inappropriate temperatures, inadequate lighting, or
noise from various systems, which affects the
satisfaction and quality of life of building users. One
of the most sought-after and highly impactful
technologies 15 Digital Twin, a technology that
creates accurate digital models of real systems in the
virtual world, working with Cognitive Technology,
which helps to intelligently analyze and optimize the
system.[7] Digital Twin in Power Management is the
digital modeling of a device. systems or processes
that consume various energy using data collected
from sensors and devices in the actual system. This
model allows us 10 analyze and understand energy
consumption behavior in depth. The integration of
Cognitive Technology with Digital Twin allows the
model 1o improve itself based on the data received in
a time close to reality.[8] Artificial intelligence and
machine leaming technologics enable systems to
learn from historical data, analyze trends, and
optimize their operations to the cver-changing
environment and energy demand, such as improving
HVAC (Heating. Ventilation, and Air Conditioning)
systems in large buildings or optimizing energy
efficiency in ndustrial facilities.[9) Digital twins
provide energy managers with  granular visibility
mio energy consumption habits in real-time. This
makes it possible to forecast future energy
consumption more accurately, leading to more
cfficient planning and mansgement. Emergency
response s provided by simulating a wvirtual
cnvironment [ 10] Digital Twin helps to identify and
analyze potential problems such as power leakage or
equipment damage. Cognitive Technology enables
Digital Twin to continnously improve processes. By

learning from new information and adapting to
situations. Energy management is therefore more
flexible and efficient Costs and environmental
impact are reduced by using Digital Twin, which
makes it possible to monitor energy consumption
and find ways to reduce energy consumption.[11]
And when Digital Twin and Cognitive Technology
are applied in the industrial sector, the use of Digital
Twin can help in managing and controlling the
production process cffectively.[12] It can simulate
production and analyze energy consumption in
factories to find ways to improve energy
consumption.[13] And in smart campuses, Digital
Twin can be used to control indoor energy systems,
such as heating systems. Ventilation, and air
conditioning (HVAC) make it possible to optimize
energy consumption.[14]

The increase in energy consumption in large-scale
educational campuses has created challenges in
energy management cfficiency. Although scveral
studies have explored the use of IoT i monitoring
energy consumption [15], there is a lack of
mtegration of artificial intelligence for analytics and
optimization. In addition, the application of Digital
Twin in campus contexts is limited [16]), which
points to the need for further research i this area.
Therefore, this research focuses on the development
of a digital twin energy management system that
mntegrates Al and loT for smart campuses to increase
energy efficiency. This is to fill the gap in cumrent
literature. Reduce excess energy consumption and
increase user comfort in the rencwable energy
sector.[17] Although there is a lot of research on
energy management systems, only a few studies have
integrated artificial intelligence. It is integrated into
the Internet of Thungs (IoT) under the framework of
Digital Twin, especially for smart campuses. Most of
the existing approaches focus on managing energy
through static models or using real-time data to a
limited extent without taking full advantage of the
predictive potential of AL For example, the research
of [P., Reshma et al., 2024][ 18] focuses primarily on
the loT aspect. However, there is a lack of
comprehensive and predictive approach that Al can
offer. There is also a huge gap in how Digital Twin
technology s used for simulating dynamic energy
consumption behavior in smart infrastructure. This
research fills the gap in energy management by
offering a Digital Twin energy management system
that fully integrates Al and IoT. which enables
energy management in smart campuses in real-tune
and can accurately predict energy consumption. This
system differs from previous models that only focus
on static tuning or monitoring via loT. By offering a
comprehensive solution that can adapt to real-time



178

Journal of Theoretical and Applied Information Technology

15® September 2024, Vol 102 No 17
© Lile Lion Scwanfic

o]

ISSN: 1992-8645

www jait ocg

E-ISSN: 1817-3195

data and predict energy consumption patterns to  elements in campus energy management, which the

increase efficiency. The result is a smarter and more
adaptable energy management system. which can be
apphied to large-scale smart infrastructure.
Addressing limitations found in current research.
The combination of Digital Twin and Cognitive
Technology not only helps to optimize energy
management, but is also an important step forward in
sustainable mnovation in the energy mndustry.
Respond effectively to the challenges of changes in
the environment and mcreasing demands in the
future,

2. LITERATURE REVIEW

The author presents the essence of "Digital
twin Energy Management with Cognitive
Technology System", which occurs from the
analysis and synthesis of relevant documents and
research as follows.

2.1 Areas to be managed in a smart campus

The space to be managed in a smart campus
5 very important. The installation of smart sensor
devices for energy management can be divided into
issues such as efficient energy management. Smart
sensors help to collect data on the energy
consumption of buildings, such as electricity
consumption. Energy consumption for heating and
cooling These data can be used to optimize energy
efficiency.[19] Reduce waste and save costs in real-
time control and monitoring of energy consumption,
where smart sensors can track and report on energy
consumption m real ime. This makes it possible to
wdentify problems immediately and take quick action
to fix them. [20] It is analyzed and forecasted by
collecting data from smart sensors, allowing it to
analyze energy consumption trends and forecast
future energy demand. This accurate forecast helps
in planning energy consumption and campus
mfrastructure expansion appropriately. System
performance has been improved. The data from the
sensors can be used to improve energy coatrol
systems such as HVAC (Heating, Ventilation, and
Air Conditioning), lighting, and hot water systems in
buildings, making these systems more efficient and
reducing energy consumption. The use of smart
Sensors in energy management promotes sustainable
management in smart campuses, such as reducing
greenhouse gas emussions. The smart sensors
improve the comfort and safety of campus residents.
The environment can be adjusted to suit the needs of
users, such as lighting adjustment, temperature
control, and buildng access management, with

researcher synthesized as shown in the table.
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2.2 Artificial Intelligence Internet of Thing
Artificial Intelligence (AloT) technology
is an integration of artificial intelligence. The AloT
framework involves a layered architecture where
IoT devices collect data, which is then processed
and analyzed by AI  algorithms to generate
actionable insights.[29] This integration consists of
several components, collecting data from sensors
and devices. IoT collects large amounts of data from
the physical environment and delivers it.[30] The
collected data is sent to a centralized computing
platform or at the edge. Data processing with Al
algorithms | including machine leaming techniques
and deep learning [31] Process data to identify
patterns and make forecasts. It relies on key
technologies such as edge computing to reduce
latency and bandwidth usage.[32] Data processing is
being moved from centralized cloud servers to edge
devices closer to the data source, and the 5G network
in the high-speed connectivity that 5G networks
provide supports the real-time data transmission
required for AloT applications.[33] The aggregation
of a large number of devices increases the attack
surface, making it necessary to implement robust
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security measures, including encryption and secure
communication protocols. It has interoperability
with a wide range of devices and platforms involved.
Ensuring mteroperability between IoT devices and
various Al systems has the ability to scale as the
number of connected devices increases.[34]
Infrastructure mmst be scaled accordingly. This
requires the ability to efficiently handle and process
data to handle the large volumes of data generated.
AloT is important in the development of smart cities.
which enables efficient wban infrastructure
management.{35] Applications mclode traffic
management. Inthe healthcare field, AloT enables
remote patient monitoring. IoT devices such as
wearable sensors have collected health data, which
Al algonthms analyze to provide msights mio a
patient’s health status. and in industrial automation.
AloT optimizes automation in the industry by
enabling predictive maintenance.[36) Supply chain
opmmzanon and opetwoml efficiency
improvement Sensors embedded in the machine
collect performance data. The Al model analyzes to
predict failures and optimize maintenance schedules.
[37] In other words, the integration of Al and IoT
mto AloT presents a wealth of opportunities for
mnovation m many sectors. However, addressing
challenges such as data privacy i a great way to
solve problems. Interoperability. and scalability are
essential to make the most of AloT.

2.3 Digital Twin

Dagital twin 1s a technology used to create
digital models of physical systems. It will be applied
in a vanety of industries such as manufacturing,
With the Digital Twin framework. digital modeling
of physical systems is collected. IoT in collecting
data from the actual system that sends the data to the
processing platform.[38] The data is used to create a
digital model that can represent the behavior of the
actual system. Key edge computing technologies are
used to reduce latency and increase data processing
efficiency.[39] Data 5 analyzed using machine
leaming algorithms and deep leaming to analyze and
predict system behavior. The technical components
of the Digital Twin include sensors and IoT devices
that are used to collect data from the actual system.
such as emperature, pressure, humidity, and motion
data. The collected data is then sent to a real-time
Platform processes data with Al and machine
leaming algorithms to analyze and predict system
behavior.[40] Computing platform based on Edge
Computing to increase cfficiency and reduce
latency. The use of 3D and AR'VR visualization
technologies allows users to visualize digital models

and the operation of data visualization systems in
casy-fo-understand formats such as graphs and
dashboards based on communication and
connectivity, the use of 5G networks and highly
secure communication protocols for dam
transmission.[41] Digital twins are used to optimize
production by simulating and testing the
manufacturing process before it 1s acmally used in
medicine. In infrastructure management, digital
twins are used to manage and maintain infrastructure
such as buildings, bridges, and electrical networks,
which can be said to be a technology with high
potential for application in many industries.

24 Smart Campus

A smart campus is the use of technologies
such as the Internet of Things (ToT), artificial
mtelligence (Al). and big data analytics to improve
and optimize resource management and operations
m a smart campus. IoT to collect data on energy
consumption Water, student and staff movements, as
well as environmental information.[42] The data
collected from the sensors is sent to a computing
platform that uses Al and Big Dam Analytics
technology to analyze and create modeks that can
forecast trends and improve university operations.
The use of 5G networks and secure communication
protocols to ensure fast and secure data transmission
between devices and integration and interoperability
by mtegrating technologies to work together
smoothly and efficiently requires accepted standards
and protocols.[43] It can be applied to cnergy
management, where sensors are used to monitor
energy consumption and improve  energy
management systems to be more efficient [44] It can
help reduce cnergy consumption and costs, or
improve teaching and leaming by using tednology
to support teaching and learning, such as using
applications that help track student progress and
improve teaching methods, or using data from
sensors to manage resources such as water and
building space more efficiently.[45] Addressing
challenges such as data security and technology
mtegration will enable the full utilization of Smart
Campus.

3. RESEARCH AND DISCUSSION
Based on the study of internet of things,
the Digital twin Energy Management with
Cognitive Technology System, the author
summarizes and presents examples of articles
and research on interesting educational
developments towards smart campus
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management, The architecture system 15 as
follows.
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Figwre 1: Digital twin Energy Management with
Cognittve Technology Architecture System

Smart universities have o system to monitor
various physical values of the university,
classrooms, classrooms, etc. Laboratories, learning
workspaces, library  spaces, meeting  rooms,
counseling centers. Pedestrian walkways, offices,
Research  centers, meeting rooms, stadiums,
cafeterias, With sensors that detect and measure
things such as electricity, water, temperature,
humidity, noise, dust, PM2.5, vibration, etc. The
principle of operation of the sensor converts a form
of energy into an electrical signal. It is a device used
o detect or measure the value of various
eavironments or states, usually converting the
measured signal into a signal that can be used for
further use, such as electrical signals, analog signals,
or digital signals.[46] Direct Measurement: Some
sensors work by directly detecting and measuring the
values of the environment, such as temperature,
humidity, pressure, and so on, using mechanical
principles, Devices used in this category may be
clectronic sensors or sensors that use electrical
principles, such as charge source sensors.
Tempemture Sensor Humidity sensors,  etc.
Transduction: Some sensors work by converting a
signal from & measured state or value into an
electrical signal.[47] This can be casily used for
processing, such as motion sensors that are used to
convert motion into electrical signals, light sensors,
etc. Light sensor used to measure the intensity of
light and convert it into electrical signals, ete, Wave-
based sensing: Some sensors use different types of
waves. such as sound waves.[48] Radiation waves or
microwaves to measure and detect things in the
environment, such as ultrasonic sensors that use
sound waves to measure distance, Infrared sensors
use infrared waves to detect motion, ete., and when
the sensor has measured the value, it will be sent to
the Cloud Gateway ToT (Internet of Things) which

WWwatil.og

E-ISSN: 1817.3195%

serves to connect sensor devices.[49] [oT is installed
in vanous places with the foundation of the cloud
infrastructure used 1o store and process data, as well
as comnnect and integrate data, acting as an
intermediary to receive data from various loT
devices and send that data to the cloud for further
storage and processing. Control and management
can control and manage ToT devices remotely
through the cloud, where the transmitted data is
stored securely and can be processed for further
analysis or action, such as generating reports,
monitoring anomalies, or managing devices.[S0]
After that, the data is sent to the streamung data
processor, which is another important part of the loT
system and is closely related to the Clond Gateway
IoT because it is a tool or service used 1o process
real-time data (live data processing) or data that is
continuously transmitted (streaming data) from loT
devices to the cloud [S1] Anomaly detection or
actionable insights ot the same time that the data is
submitted. By collaborating between the Streaming
data processor and Cloud Gateway IoT by notifying
and managing after the Streaming data processor has
successfully processed the data. It can send the
results or data that has been processed to  the loT
Cloud Gateway to alert users or administrators, or it
may continue to take actions according to predefined
settings,[52] such as IoT device commands or
notifications through applications.  Streaming data
processors can send processed data to a data lnke for
long-term storage, which can be used for further
analysts and processing. The primary function of
a data lake is to preserve large and varied data
formats, without limitation on the format or structure
of the data, and to store data that has not been pre-
formatted or processed. The data lake provides the
ability to analyze the data that is collected, It can
analyze data in a very large format and size to obtain
important information and relevant knowledge, The
data can be used to generate meaningful reports and
visualizations so that users can make effective
decisions or analyses by using the right data
repository for future use. Data lakes send data to a
Big Data Warehouse into two concepts with
different uses and capabilities, but can work together
10 create o more efficient data storage and utilization
system. Therefore, the collaboration of data lake and
big data warchouse will look like this: data
aggregation, where data lakes can serve to store low-
quality data and come from different sources [53] To
have o comprehensive and large amount of
information. At the same time, Big Data Warehouse
15 often used for high-quality and structured storage,

which is often organized and prepared before being
imported into the system. The integration of data
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lakes and big data warchouses provides data
coverage of both high-quality and low-quality
data [54] Data lake management can store data in an
unstructured format or data file in the form of raw
data, while Big Data Warchouse is often used for
storing more structured and complete data. Data is
often stored and prepared to be suitable for import.
Therefore, data management i data lakes and big
data warchouses has different characteristics and
capabilities. The data stored in the data lake can be
used in an organized or disorganized manner. It can
be used to analyze data or search for data on demand.
While the data stored in Big Data Warchouses is
usually more structured and high-quality [55] and
is often used for high-quality analysis and
summarization. Big Data Warchouses are usually
responsible for storing data in a structured, high-
quality format, and often the data is managed and
prepared to be suitable for import. Data Analytics
usually uses the data provided to perform analysis.
Predictions and predictions Based on the data
collected in the Big Data Warehouse and through the
analysis of Data Analytics, the data obtained can be
used to predict and predict trends or events. Dam
Analytcs is a process that uses technology to
analyze data to draw valuable conclusions or
knowledge. It focuses on extracting meaningful and
substantive data from large and diverse data sets.
The data analytics process is an important process
in analyzing data for decision-making to make
machine leaming.[56] Machine leaming is a process
in which computer systems can leam and improve
operations without the need for explicit
programming like direct instructions. The model is
created using traimng data so that the system can
predict the outcome of data that has never been scen
before with accuracy. The main processes of
machine leaming work include Data Preparation to
ensure that the data can be used for model traning
appropriately, including data cleaning[57] dam
transformation, and data division into training sets
and test sets for mode| testing and evaluation. Model
Selection Selecting a model that is appropriate for
the problem bemng encountered, such as
classification. prediction, or clustering, based on the
nature of the data and the purpose of the analysis, as
well as model training. Model training often uses
parameter tuning techniques to improve model
performance. After that, model evaluation is the use
of test datasets to evaluate the performance of the
mode! by measuring the predicted results against the
actual results, such as accuracy. Precision, recall, or
deployment and refinement when the model is
approved as having satisfactory performance. The
model will be deployed in a real environment [58]

Follow up on the implementation to further improve
the model. There are many methods and techniques
at each stage of the machine leaming process that
can be used, which depend on the nature of the data.
The objectives and needs of the program developer
or data analyst in each case. Decision making is an
important process in the daily life and work of
mdividuals and organizations. There are many ways
of making decisions, but they can be summarized
The first step is important, where you need to collect
mformation that is relevant and important to the
decision, such as information related to the problem
or situation to be solved. After that, analysis and
evaluation are camed out when sufficient data is
available. The information must be analyzed and
evaluated to better understand the problem or
situation and find an appropriate solution by clearly
setting the desired goals or outcomes. To help make
decisions in the nght direction.  After receiving the
data and setting the target, All possible options must
be considered and the suitability of each option must
be analyzed.[59] Once the possible options are
known and the feasibility assessment of each path is
completed, the company will be able 10 provide a
safe and secure solution. must make a decision 1o
choose the most comect path according to the set
goals. After the decision is made, it must be cammied
out according to the set plan and the results must be
moaitored.[60] To improve or modify further actions
as appropriate. At each stage of decision making,
tols or techniques may be used, such as the use of
decision theory models. Decision-making models to
help analyze and make decisions in situations such
as the use of holistic decision-making techniques.
Rational Decision Making or the use of a decision-
making process linked to problem solving.[61])
Choosing the night technique or tool will help make
decision-making, which will be passed on to the
model algorithm in the role of machine lcaming or
data analysis. Support Vector Machines (SVMs) are
used for classifying data by finding the best line of
segmentation in the scparation arca between groups,
or Decision Trees are used for building decision tree
structures. For data analysis and classification, and
send it to the software application used to control the
device. These applications can run on the IoT device
itself, on a remote server, or on the user’s smartphone
or tablet, such as lighting control, can tum on, tum
off, dim, or change the color of LED lights | or
control the temperature, can set the thermostat
temperature, or turn on, off, air conditioning, as well
as humidity control or lighting on/off exposure. It
facilitates users to control IoT devices remotely
without being close to the device[61] Easy to
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understand, fast Displays important information of
the business and organization, allowing users to
analyze the data. Make decisions and follow up
effectively. The mam components of a dashboard
are data, which is pulled from sources such as file
databases or web APIs to visualize. Data is presented
in a graphical format, such as charts, graphs, tables,
or numbers, or interactions.[62] A dashboard is a
tool used to display data or status information in a
graphical or tabular format so that users can get a
quick overview of the data. Dashboards are typically
designed 1o be customized to meet the needs of each
user. Important information may be displayed using
graphs or charts such as line charts, bar charts, or

Figure 2: Dashboard displaying twin power overview

From the architecture, it has been used to
develop a twin energy management system. The
dashboard page consists of Solar energy flow,
electricity imported from centml electricity. The cost
of generating electricity from solar cells, including
the cost of energy consumed in the bulding in the
upper part, is followed by the cost of producing solar
cells in each set. The sum of the charging that
produces electricity, including the status of the solar
cells that are operating and each set. It is displayed
in the form of letters and line graphs to show the
comparison of electricity imported from the
Provincial Electricity Authority and the generation
of electricity from solar energy through solar cells.

When the mouse or touch skin is placed at the graph
position, it will appear as a number of energy. The
upper right part contains the date display. Real-time
ume, including displaying the temperature values
detected by the temperature sensor.

o —

LR~ S—

Figure 3: Twin Power Display Dashboard On the 3rd
Sfloor of the bunldng.

From Figure3 Twin Power Display
Dashboard The data s displayed on a simulation of
each room in the building, which consists of:
Temperature, humidity In the form of a number,
which will appear while touching the screen of the
room where you want to view that information, and
show the details of the value captured by the sensor
mn the Sensor AQI This consists of temperature,
bumidity, Carbon dioxide and sensor operating
status Attainability of air quality in the selected room
for viewing data In addition, the lower part will
display air quality data. Carbon dioxide, humidity,
dust PM 1.0 PM2.5 and room temperature in line and
bar graph formats to see real-time comparisons. The
calculation of CO2 absorption from tree planting
can be done in a vaniety of ways, depending on the
type of tree and the environment in which the tree
grows. We can use a preliminary formula to estimate
the CO2 absorption of trees, with the following steps
and formulas:

1. Assessment of the amount of carbon
stored by trees (C)
C=biomass = carbon fraction

Where biomass is the biomass of the tree
(dry weight), Carbon fraction 1s the proportion of
carbon in biomass (usually around 0.5 or 50%).
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2. Calculation of the amount of CO2 |35 oSQL Databases | 444 | 061 Good
absorbed (CO2) Knowing the amount of carbon that i&‘;"m'n" 431 | 062 Good
trees have accumulated. It can be converted to the 37T = Amaiyws 235 [ o6 Good
amount of CO2 absorbed by the tree using the 35 pradsctive Analytis a31 | 071 Good
fomula CO2 = Cx(44/12). Where 44 s the | 39 Prescrptive Analvus 434 | 074 Good
molecular mass of CO2. 12 is the atomic mass of | 4. Safety and protection
carbon. And shows the value of solar power | 31Datsexcryption 444 1 033 | Oood
tion is dach It includ capacity. power 42 Data Access Raghts 472 | 042 | Very good
pmd:cod.mdmrdedduemdm.whthbc 4.3 Cyber Attack Prevention 448 | 047 Good
viewed on each page. Evaluation of the Suitability of | Measures
Twin Energy Management Systems with Intelligent | 44Makmpsbaclhpoystem | 471 | 031 | Verygood |
Technology to Connect All Things to a Smart | 5-Adsptability and
Campus. The evaluation of the suitability of the twin  scalahiliy
energy with 5 1 Supportmg Technologieal | 471 | 047 | Very pood
technology 1o connect all things to a smart campus | 5 2 Flexibdity 1o add new 452 | 033 | Very pood
experts in energy information technolo: features
?ioronm - M u Siwm 479 038 ‘ﬂyﬂ
5 4 System Expanmca 465 | oa1 | v
Table 1: Suitabilitv of Twin Energy wmnm: i
Management System with Intellecial Technology | 55 Sopportmg Technologacal | 441 | 041 Good
Connecting Evervthing to Smart Campus. .%!‘“ ~ ry TR ! rrmer
features
Assessment List Evalation Results _‘._’“ 1
w SD Results
1. Analysis and 6 1 Software Management 461 | 043 | Very good
_Requirements and
1.1 The need to reduce 482 | 031 | Very good 6.2 Proactve Moastormgand | 452 | 052 | Very good
costs Mmuntenance
1 2 The need to umprove 476 | 045 | Very pood |6 3 Techmeal Support 466 | 042 | Verygood
|_evergy conmumpion 6.4 User Trammg and 460 | 045 | Very good
1 3Reducmg greeshomse gas | 471 | 077 | Very good |_Support
emmsuon 6 S Software Mamagement 451 | 042 | Yery good
1 4 Increamng Energy 472 | 036 | Verygood and Updates
Secunty 6 6 Proactive System 444 | 001 Good
1 5 Energy Consumption 480 | 032 | Verygood md Mamtenance
Reduction Goals 6 7 Techmoal Support 461 | 051 | Very good
1 6 Momtormg smd analyzmg | 479 | 039 | Very pood 7. Value Assesument
|_energy consumption 7.1 System Development and | 442 | 033 Good
| L7 Forecastmgenergyneeds | 461 | 068 | Verysood | | Installation Costs
2. Architecture and 72 Cost of Purchasmg JoT 439 | o4t Good
T Devices
2.1 System Stucture 462 | 043 | Very pood 7 3 System Mamtenance 444 | 032 Good
22 Eauly Adaptable System | 443 | 057 Good Costs
| Dengs | 7.4 System Upgrade Costs 431 | 059 Good
23 lntegration with other 445 | 053 Good 7 5 Long-tenn reduction m 486 | 046 | Very good
|_energy costy
2 4 Connectmng to loT 481 | 033 | Very good 7 6 Improving Energy 478 | 032 | Very good
_Sensory Efficiency
25 lutegration with ERP 43 | 062 Good Ovenall average score m 457 | 047 | Very good
-Sygem . | all aspects
e st el el el e oo From Table 1. it was found that the results of the
3. Data and Data evaluation of the suitability of the twin energy
Management management system with intellectual technology to
3 1 Realtine data 452 | 036 | Very good connect all things to the smart campus in each item
- were the most appropriate. Long-term reduction in
3 2 Power History 476 | 032 | Verygood costs The lue is the most (= 4.86
3 3 Forecast and Amalyms 469 | 061 | Very good SD. = 046), followed by analytics and demand, with
Data the need to reduce average energy costs (X=4.82S.D.
3 4 Usmg Relational 445 | 073 | Good =0.31) and architecture and technology. In the real-

time data section. They have an average value (X=
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481 S.D. = 0.33), respectively. The overall average
of the evaluation results of the twin energy
management system with intelligent technology to
connect all things to a smart campus 5 the most
appropriate (8=4.57 S.D. = 048).

4. DISCLUSION

From Table 1. Twin energy management system with
mtellectual technology to connect all things to
develop electrical energy management in educational
mstututions and smart campuses. Electneity
management is the development of a system that is
consistent with intemational energy management
using the concept of digital twins. In developing a
digital model that simulates the energy system of the
campus in terms of energy production, storage, and
consumption. data collection from IoT devices and
sensors installed on campus such as electrical
appliances, lighting systems, air conditioning
systems, etc.[63] It is integrated with artificial Al
technology, which uses Al technology to analyze
data. Al to create energy forecasting models Machine
learming 15 used to continuously improve and
optimize energy consumption and the Intemet of
Thmgs (1oT). IoT across the campus to collect real-
ume energy consumption data and connect systems
through the Intermmet network to emable efficient
communication and collaboration. To meet campus
energy needs in real-time. The digital twin is a digital
model of the campus encrgy management system,
wh:chanaocumclysunulateandpmdscnhema
of various energy uses. Artficial intelligence
technology is used to analyze the data received from
sensors and devices. ToT mstalled throughout the
building to enable the system to make decisions and
improve energy efficiency. The use of digital twms in
combination with Al and IoT can significantly
increase energy efficiency on campus. Reduce energy
loss and increase campus sustainability. It also helps
in the mspection and mamtenance of wvarious
equipment on campus, allowing for quick
identification and resolution of problems, as well as
the creation of an environmentally friendly leaming
and work environment. Reduce energy costs i the
long term and improve the quality of life of campus
users. In addition to energy, the system also monitors
and displays the temperature and humidity values that
affect the clecuicity consumption [64] of the air
conditioner in the smart campus building by
predicting the suitability of the weather conditions
displayed on the digital dashboard so that the air
conditioner works properly and efficiently. The
system can reduce energy consumption for lighting
by up to 30°% compared to traditional systems, and

E-ISSN: 1817-3195

the maintenance and monitoring system can monitor
the operating status of vanious equipment and alent
when problems or malfunctions are found. In terms
of sustamability, reducing energy consumption
results in reduced greenhouse gas emissions and
supports environmental sustainability, In addition
safety from earthquakes. The system will have
vibration sensors that detect vibration and display the
results to a digital dashboard The system can detect
vibrations caused by earthquakes and alert executives
and personnel through a digital dashboard, so that
emergency procedures can be taken in a timely
manner. In terms of air quality, PM2.5 sensors are
mstalled throughout the campus to monitor air quality
and PM2.5 [65] valvues are displayed on a digital
dashboard so that users can know the air quality
information and take appropnate steps. This allows
users to know air quality information and make
appropriate decisions about activities on campus,
with alerts when PM2.5 levels exceed safe levels,
enabling timely prevention and remediation actions.
It also shows the carbon dioxide absorption value as
a colorless and odorless gas. The system displays the
number of trees planted to absorb carbon dioxide.
This allows users o know the positive impact caused
by reduced enecrgy consumption and tree planting,
which is calculated and displayed as the number of
trees that need 10 be planted to compensate for energy
consumption on campus. This shows the efforts to
reduce the amount of carbon dioxide.[66] The resuits
of this study are significant both theorctically and
practically. Theoretically. the integration of Al and
ToT within the Digital Twin system has helped
strengthen a new understanding of real-time cnergy
management with predictive predictions, which is
more accurate compared to traditional approaches
based on fixed models. In practice, DTEMS systems
can significantly improve energy efficiency in smart
campuses. As a result, it will reduce costs and use
energy sustainably. The system can also be deployed
in large infrastructures such as smart cities and
industrial facilities. The findings also bave significant
unplications for energy policy, suggesting that
technological solutions such as the Digital Twin play
an important role in achieving future energy
efficiency goals.

5. CONCLUSIONS

Analytical systems to help you successfully
mplement Al and IoT under the framework of Digital
Twin, enabling smart campus management still need
1o take into account the mam considerations, namely
the use of this system. including many others and the
energy demand that emphasizes the need for further



Journal of Theoretical and Applied Information Technology
13" Septemgber 2004 Vol 102 Ne 17
© Little Lico Soentific

185

o)

ISSN: 19928645

system customization regarding Al and [oT
technologies, still need both hardware and hardware
at that point. For the control at a large scale, the
system should be able to expand the scope of use to
other areas such as smart cities and industrial
mdustrics. In terms of the energy resources of the
control system... The direction and direction of this
research system helps improve the understanding of
the current literature, especially the use of Digital
Twin m conjunction with Al and IoT. The
characteristics of energy that do not need to be deeply
understood before. Using Digital Twin Energy
Management System Digital Twin, combined with
mtellectual technology and Intemnet of Things (loT),
is a modem approach with high potential to develop
smart campuses 1o be efficient and sustainable. Both
in terms of energy consumption, secunity, and
creating a good environment for leaming and
working. By applying Digital Twin in an electrical
power management system, it can accurately simulate
and predict the impact of energy use. It allows for
continuous management and improvement of energy
consumption. The integration with Al helps to
analyze data from sensors and loT devices installed
throughout the campus, enabling the system to make
decisions and improve energy efficiency. The digital
twin power managemen! system also results
efficient control of the operation of the ighting and
air conditioning system. Motion and lighting sensors
are installed to automatically um the electricity on
and off. Reduce energy consumption In addition to
encrgy management, The system also supports
monitoring and displaying temperature, humudity,
PM2.5 and carthquake vibration values through a
digital dashboard. Installing vibration and air quality
sensors improves the safety and quality of life of
campus users. In addition, the display of carbon
dioxide absorption values helps to illustrate efforts to
reduce CO2 emussions through tree planting. Using
Digital Twin, AL, and IoT Technologies in Smart
Campus Encrgy Management Systems It not only
nu’mesemtgyef&l:ncy This rescarch has made
an important contnbution to the integration of
artificial intelligence technology. The choice of these
technologies is based on the capabilities of big data
management and real-time processing of Al which is
suitable for complex energy management in large
campuses. Factors affecting the research. such as the
environment of the smart campus, real-time energy
management requirements, and the need to improve
energy efficiency, were carefully considered to obtain
a model that can quickly respond to changes i the
environment and vanious factors. The results are not
only effecuve in smart campus applications. But it
can also be extended to other infrastructures such as

oA 110 g
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smart cities. It also helps in equipment maintenance.
Reduce energy costs in the long term and support
environmental sustamability. This makes the campus
a pleasant place to live and promotes sustamable
leaming and work The integration of these
technologies can bring benefits to both the
environment, the environment, and the environment.
Economy and Society As a result, smart campuses
become a model of efficient and sustamable energy
management in the future. Twin energy management
system with intellectual technology to connect all
things to develop electrical energy management in
educational instimitions and can be applied to vanious
organizations or agencies effectively. This research
has succeeded m integrating artificial intelligence.
Under the framework of Digital Twin for Energy
Management in Smart Campus, it answers the key
questions set out m the muwoduction on how to
mprove real-time energy management efficiency.
The introduction of this approach reduces limitations
fumdinprwkmsmrd;sthas&elxkof
miegration of pew technologies I energy
management. This research also presents clear
gudelines for mmproving energy management
systems to be more resilient and adaptable. Not only
can it improve the energy consumption in smart
campuses, but it can also be applied to other
mfrastructures such as smart cities and large-scale
mdustrial facilities, opening the way for future
research.
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Abstroct— The objective of this research Is to Present the

data, eocrgy comsumption results, snd budget allocations
related fo educational institutions can create redtability n
nsnaging Information sbout clectrical energy and energy
competency ssessment results, and can be recorded and
controlied bn Dightal Twin that can be as i it were with a control
center. loT and Clond Computing are alwo integrated with Al
wystems embedded in state of the art cquipment for use
eovirommental  management  and  intelligent energy
management. As well s creating sew energy models and
management (hat can resolve future emergencies by controliing
virtual encrgy within the arganization from outside anytime,

|

Keywordy— Internet of Things (o T), Artificial Intelligence,
Digital Twin, Smart Campus

L INTRODUCTION

mumber of devices simultancously using loT and cloud
computing technology (2], and there is also a Digital Twin
used to control things 10 help predict and facilitate life m the
wdustry. [3] In urban design, etc.

s necessary for human life. both directly or indirectly,

Banmphok
prochyamnn [Limumb oc. th

since today there is a lot of energy consumption, which
results i organizations. There are more energy costs.
Although coergy  technology in  comjunction  with
cavironmental transmission contributes to the convemience
and efficiency of many more. But i recent times, the encrgy
crisis has been a global focus as current energy costs rise and
encrgy costs are likely 10 run out of energy. [§] It is necessary
10 have an effective twin digital energy management system
10 control energy management on smart campuses.

I LITERATURE REVIEW

The author presents the cssence of "loT, Al and Digital
Twin for smant Campus management”, which occurs from the
analysis and synthesis of relevant documents and research as
follows:

A Imternet of Things doT)

Computer Device Comnection System Digital Human
items, or even animals come together to transfer or exchange
information between networks, It i1s not necessary for people
to hand over information 10 each other, but to make such
systems miermediaries 10 act as substitutes. (6] ToT typically
consists of & web-enabled smarnt devices embedded mio the
system 1o store data and send information as directed. These
devices share the sensor system with the primary gateway for
data transmission. In addition, loT s beneficial to artificial
intelligence because it makes #t easier and faster to store data,
[7) These smart devices are very important to human life. (8]
loT is used to develop and sutomate industry and agriculture,
reducing human labor and controlling tasks from anywhere,
anytime there 8 infernet access, becoming a uman
agnicultural model, using the architecture and functionality of
sensor networks in conjunction with cloud computing to
collect data, and using that data to analyze and result in
reducing problems and ensuring safety in agriculture
Smartphone control applications and mignal detectors
developed for agricultural management can be used and
incorparated wto the policics of many countries 1o establish
pew agricultural standards [9] with Digital twin and define
algonthms corresponding to foT applications &3 an
appropriate method for agncultural use based on loT that
ASSIKLS 1N Operations.
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B. Artificial Intelligence (Al)

Al is a development that belps computers exhibit
mtelligent behaviors, such as behavioral leaming. Speaking
ndhmhwllolﬂunn-hhudmndﬂm

lem perception. movement human-like
mvamm [11] develop computers to understand
intelligence and create leaming mechanisms that can respond
in & similar way to humans. It s a form of wtelligent
algorithms, with technology developed 1o be able to leam and
support decisions about complex tasks on thewr own precisely.
[12] It is the creation of computer systems and mechanisms
to numic human behavior in cognitive processes, being able
0 Jeam, remember, reason, and use rules 1o reach certain
conclusions to make decisions about problems. Be able o
recognize resson and understand as bumans. [13] Al s a
technology that transforms society, economy and supports
work. Examples of APPLICATIONS that use Al systems can
be mstalled and embedded mto devices or are the type of
programs that can be installed later. Ai's incredible
capabilitics help transform the way people live in socicty
through cutting-edge technological equipment. Currently, Al
is used to manage education to amalyze the work system.
Plagiarzed the behavior of people within the organization,
analyze leaming behaviors, [14] Al is also used to analyze
data m Human Resource Management.

C Digital Twin

Virtual models of physical objects are created by
integrating multiple technologies, such as Al Algorithm, IoT.
Cloud Computing, and other technologics, to create twin
models that can display details and properties almost as much
as real objects, and can also display features in the past and
provide information about what might happen in the future.
There are always two forms of data analysis in the digital twin
world: physical, existential and tangible. Its digital twins,
characterized by models of physical objects, require a large
npumber of sensors 10 obtain copies that are closest 1o 1oday’s
truth. Enormous data from sensors is sent 1o the cloud to store
and process in context of use, for example, if digstal twins of
bridges are 1o be created, vibration data is roquired. [16]
Digital Twin will belp 10 integrate Al and perform higher
simulations. [17] Digital Twin developments can be better
drlled into cvery business and benefit businesses,
organizations, or nations in the long run. Good for planning
and designing machinery in factories The design can be
checked in advance. In the test phase, the machine control
system can be configured like a virtual environment, and
when the procedure &s carnied out, it will correct the nsk of
failure and error in time.

D. Smart Campus
It is a new conceptual framework for holistic smart campus
environments that cover evenything, such as holistic e
learning. Social networks and collaborative communications
Creating eco-fniendly ICT systems (Green ICT) and creating
muucrmwwmmmw

swveillance Power consumption [19] Application of
integration between cloud computing and the Internet of

Things. By way, mtegrate smart campus [20] systems and
compare the complexity of integrating the data of traditional
Smart Campus services with simart types. Afler the analysis
of the situation data s complie, you can use the <ad
Researchers designed algonthms to provide services for
smart campuses and data-based algorithms, which in tum
were based on previous rescarch in the framework for smarnt
campuses. Compared o taditional campus platforms It
found that smart campuses can manage data more efficiently
than convenlence services, developing a faster management
model on campus [21].

IIL. RESEARCH AND DISCUSSION

Based on the study of micrnet of things, the Arnificial
Intelligence. Digital Twin, and Smart Campus management,
the authors used document analysis and the synthesis of
relevant keywords. See Table 1.

Tabie 1. Synthests of keywords
T A
M Internet of Things (IoT) GlulbION
’ = Tnpejpnn2

. | Aificial lntelligence(Al) | | ll[u}l 2]

' i o . T nansine |
, Digital Twin g

' | (18] [19] [20] |
R ts i o)

The author summarized and presenied interesting
examples of articles and rescarch in educational development
in order to move towards smart campus management as
follows.

Smart Campus using loT technology The main
mo(hms’cbulomwm{nnymld

cnergy-intensive
equipment, including physical, 1) Classrooms that are used
on class schedules will help to tum on and off the air
conditoming. intelligent wircless air conditioning control
system. allowing building management staff to customize
automatic control patterns to sust conditions such as indoor
activities or outdoor weather conditions, as well as scif-
ordenng through cloud and AL No supervisor required at all
times The system can analyze and evaluate the air conditioner
to run with minimal power loss. Reduce energy dunng
unnecessary times, save costs, light, humidsty to suit the
leamner’s leaming ecosystem, mcloding school supplies,
Classroom Teaching 2) Laboratory is a room with control of
equipment of traung materials for safety and energy
efficiency. By creating positive and negative oxygen particles
from the ar flowing through the device. Effective in
disinfecting viruses Airbome bacteria up to 99% reduce PM
10 - PM 2.5 dust and odors and are safe for learners, helping
1o reassure visitors 4) Libranies are the center for digital



research. Information ts collected, including the need for
searches, §) comdors, Light control is provided to suit the
lighting establishment CCTV cameras and broadcasting
points by buildings on campus, meluding Internet-connected
Smart Devices, as well as Smart Senser, will help link the
transmission of devices to internet networks located on the
lIoT layer. Leam the information provided by Senser into
algorithms that process intelligent data with artificial

202
® &

Smart Senser
‘ﬁ’ ) 56

o1 A‘mdv
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IV. CONCLUSIONS

Encrgy management within smart campuses is a
form of energy management that uses digiml technology to
help manage infrastructure so that it can manage clectricity
resources. Stategic planning management reduces energy
consumption Creating energy sustainability and developing
modern energy management models with digital platforms.
Intelligent education management using loT, Al and Digital

LA
“tliiys

Smart Devices

T8 ¢ @ &

T m T

Learning
Warkspace

Fig. | Architecture of loT, Al and Digital Twin for smart
Campus Management

From Figure 1, it is the architecture of loT, Al and Digital

Twin for smart Campus Management. It consists of 4 layers.

The first layer is the different space environments used for
teaching and learning in smart campuses such as classrooms,
Inboratories, and libraries. Space for leaming and seminars
Including comdors, Layer 2 will be the loT segment that
brings hardware and smart devices. that works with 5G and
smart sensors To detect physical charactenstics and import
application data, Layer 3 Digital Twin layer brings data from
layer 1oT to be rendered m parallel with hardware. with the
display of usage information including usage history and
works with Cognitive and Intelligent Processing on Cloud
Computing with network secunity. After the analysis of the
situstion data is complete, you can use the Researchers
designed algorithms to provide services for smart campus and
data-based algorithms, which m mm were based on previous
research in the framework for energy intelligence campus.
Compared to traditional Campus platforms It found that Smart
Campus can manage energy more efficiently than
convenience services.

Twin can be applied to organizations in the furre.
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Abstroct— Smart Campus This research alms to present
the use of the Internet of Things and smart technologles
that work with 6G networks to intelligently improve the

the wsability of bulldings within smart campuses.

Keywords— Internet of Things (ToT), 6G, Digltal Twin, Smart
Campus

L DbamootoTon

The era of platform development with AT makes it casier
for lumans to make complex decisions Based on data
digested by amifical mielligence to make it casy to
understand From a psychological poiat of view, amtificial
wicligence will help humans work less[1]. Amficial
mtelhgence & one of the tools that mmans have developed
Just as we have developed mnovative devices or facilities m
the past inciudes augmented realty (AR) techmology.
Reduce inequality Technology has been developed The
tmpact has led to the development of areas such as st
agnculture, smart industyy, smart cities, smart healthcare, and
control systems that are devoud of people{2]. Quickly access

systems and meet the needs of many devices stmultaneously
using Techmology of Internet of Thngs (ToT) Digtal Twin
technology helps simmlate models from physical objects. The
obyect here conld be a car. a buildmg, or even a city in the
world. Sensors are installed on several phiysical objects{3] It
acts as a real-tune interconnection mechanisan between
physical and virtual objects used 1o control things to belp
prodict and facilstate life[4)

In the organtration or on catnpus The global energy criss
has attracted a lot of attention as energy costs have risen and
energy s likely to be reduced and depleted An efficient
digital encrgy management system s needed on campus|S],
with the aim of hamessing energy management as 3 sunart
catupus

I LITERATURE REVIEW

The suthor presents fhie essence of “IoT, 6G and Digital
Twin for smart Campus management”, winch occurs from the
analysis and synthesss of relevant documents and research as
follows:

A Imternet of Things (lo1)

Internet of Things. loT It is the cotmection of various
devices over the Intemet network fo commmmicate and
operate independently without dwect operator and can
recognize and respond 10 thewr surroundings with sensors and
micrfaces{S) IoT development begins with the design and
comstruction of devices that have the abality to connect 10 the
Internet network, such as semsors, conunumication tools,
servers, of other relsted devices By commecting and
commumcating. loT devices mmst be able 10 connect 1o the
Internet network and commmmicate cffectively with other
systeuns{6] What is possible mcludes using appropriste
network protocols such as Wi-Fi. Bluctooth, Zigbee, NFC,
LoRaWAN, etc{7). It may use cloud techmology that requires
deployment and mnfrastructure for JoT devices 1o work
together effectively. It is necessary to baild a basic system
that supports comnectivity and commumication between
devices, such as cloud mfrastrocture or data management
system, 1o collect data and process data from foT devices[§).
In addition, gateways have been developed that act as
micrmediancs o comnect and convert sigmals betwoen foT
devices and the Internet network, focusing on controlling and
custamnizing the operation of loT devices according 10 user



needs, such as setting up the operation of the device. Setting
security conditions or miles s very muportant in loT
development because loT devices may contam seusitive
mformation and are responsible for controlling cntical
systems. Appropriste security systems such as suthentication
and encryption must be designed to prevent unauthorized
access 10 data  In testing and experunentation, it is an
nuportan! step in loT development to venfy that devices and
systemns work as expected and perform at peak performance.
Tmmhm:mmotmam
m real-world conditions. and an experiment can be a
simulation 1o detenmine capabilities i a vanety of possible
cuviromments that require energy management.

8. Generation 6 of wireless technology 16G)
6G will focus more on increasing data transuussion speed
and network performance. To support larger data volumes
and Jower latency requirements. 6G may have several key
mumuwmummﬁuu
working principle of 60 in terms of techmology and higher
froquencies{ 10). swmwuwm
wse smgle-pole MIMO techmology that imgroves data
transmission cfficency, using multiple channels to transmit
signals to multiple devices sumultancously, udlcu.m!

between channels and improving commmunication
WCMTMH]GGM
promote DD commmnication. rediXimng COmMmCAtion
delays and reducing network loads. This will cnable spatial
service, which is capable of supporting enough devices to
serve a wider area, & well as technology that enables faster
and more efficient device connections{ 12). Ultra-rehable and
Low-latency Commumications are also required to support
applications requiring low latency tanes and highly stable
connections. Low-mterference NOMA teclmology 6G may
we low.conflict NN technology, Network-in-Network
Architecture technology. To support multiple connections
and share data between devices on a small group scale,
allowing for more efficient device managemen! and
coanection{13]. 6G may use Al technology to cnhance
petwork management and control, as well as support for
atomated deciston-making and network leaming to improve
commemucation cfficiency{14]. 6G has developed sensing
technology that allows the network 1o detect and recognize
the eovironment and data from vanous devices such as
motion detection, temperature, notse Jevel, esc [15]. which
can be used to manage and iprove network performance.

C. Digital Twin

Digital twins work by simeadating real assets in a virtual
environment Features and behaviors Real-time  digital
representation of assets 18 generated using smart sensors that
collect data from the product|16]. You can use presentations
throughout the asset lifecycle, from imitial peoduct testing to
real-world operations and decommuissioning{17). Vimual
models of physical objects are created by integrating nmbiple
tecimologies, such as Al Algonthm, IoT, Cloud Computing,
and other technologies, 1o create twin models that can display
details and propertics almost as muoch as real objects. and can
also display feahwes m the past and provide information
sbout what might happen in the future]18]. There are always
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two forms of data analysis in the digital twin world: physical,
existentinl and tangible] 19]. Its digstal twins, charactenized by
models of physical objects, require a large number of semsors
to obtain copies that are closest to todsy's truth. Enormous
data from sensors 15 sent 10 the cloud to store and process m
context of use, for example, if digital twins of bridges are to
be created, vibration data is required{20]. Digital Twin will
help to integrate Al and perform higher simmlations{21)
Digital Twin developments can be better dnlled mto every
business and benefit businesses, organizations, or nations in
the long run{22]. Good for planning and desigmung machinery
in factories The design can be checked in advance{ 23] Inthe
test phase, the machine control system can be configured like
a virtual environment, and when the procedure is carmied out,
it will correct the rsk of fatlure and envor in tune

D. Smart Campucs

Smart Campus has the nght unplementation of sman
technology. By using sensor systems and loT devices to
collect data and control things on campus, as well as using
technology to integrate with energy management. Safety
system and environmental management system{24], eic
Swmart campus buildings can have intelligent capabilities such
ummml(:‘l-ulhmmsy“s“*l

as indoor emergency detection and alerting systems, as well
as safety and sccurity systems Simart Campus{27] There
should be an mitelligent security system that helps prevent and
detect nsks and dangerous events, such as smart survedlance
systems. Stable and high-speed Smant Camnpas conpectivity
and network ﬁ:eﬁ:wcmryhmmn.\m

counected that allow users to quickly access information and
services. Smart Campus  Systemns that use technology and
intelligent data to mcrease efficiency and comifort in campns
life or related circuits{29]. It consists of several elements that
can be combined to create a more efficient enviroument.
Internet network for fast and stable comnection Sensor
systems and loT (lutemet of Things) devices to detect and
coliect envirommental data such as air sensors, light seasors,
soumd sensors to detect temperature, air quality, noise levels,
[30]. Imecllipent socunity systems such as detection and
notification of dangerous events, CCTV systems, mitotuated
secunty systems, etc. Intelligent energy management system
10 increase encrgy efficiency. inclodmg encrgy measurement
and control m buildings, electncal and mobality systems{31).
Smart management should incinde resowce management
such as building management, information management{32],
and persounel management by using atommated systems and
data amalysis for decision making as well as energy
management wsed within Smart Campus that will belp
manage encrgy i a cost-effective and sustamnable manner.
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IIl. RESEARCH AND DISCUSSION

Based on the study of ntemnet of things, Generation 6 of
wireless technology (6G), Digital Twin, and Smart Campus
management, the authors used document malysis and the
synthesis of relevant keywords, See Table 1.

Tabie 1 Synthesis of keywords '
. Internet of Things (IoT) (5] [‘(L[]n s]
(oj (112} |
3 Generation 6 of wireless [13)(14]
) techmology (6G) [15]
| | . , T neiTng)
] Digital Twin [19]{20){21]
(22] (23]
(24] (28] [26] |
4 Smart Campus (27'[28”29]

[30][31)[32]

The author summanzed and presented interesting
examples of articles and research in educational developtment
m order to move towards smart campus management as
follows.

Smart Campus using loT technology The main
purpose of this research 1s to successfully manage and
mtelhgent services on campus using foT with organizational
management and leaming by providing sccess to extemal
learung facilities. And linking energy-intensive equipment,
mcluding physical, 1) Classrooms that are used on class
schedules will help to tum on and off the air conditioning,
mtelhgent wireless air conditoning control system, allowing
building management staff to customize awtotnatic control
patterns to suit conditions such as mdoor activities or outdoor
weather conditions, as well as self-ordering through cloud
and AL No supervisor required at all tunes The system can
analyze and evaluate the air conditioner to nm with minmmal
power loss. Reduce energy dunng nnnecessary times, save
costs, light. hmmidity to suit the learner’s leaming ecosystem,
meiuding school supplies. Classroom Teaching 2) Laboratory
1 a room with control of equipment or training twaterials for
safety and energy efficiency. By creating positive and
negative oxygen particles from the air flowing through the
device. Effective in disinfecting viruses Airborne bactenia up
to 99% reduce PM 10 < PM 2.5 dust and odors and are safe
for leamers, helping to reassure visitors 4) Libraries are the
center for digatal research. Information is collected, including
the need for searches, ) camdors. Light control is provided
to smt the lighting establishment CCTV cameras and
broadcasting points by buildings on campus, mcluding
Internet-connected Smart Devices, as well as Smart Senser,
will help link the transmission of devices to mternet networks
located on the IoT layer. Learu the imformation provided by
Senser mto algorithms that process intelligent data with
artificial
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Fig 1 Architecture of loT, 6G and Digital Twin for smart
Campus

From Figure 1. it is the architecture of loT, 6G and Digital
Twin for smart Campus Management. The first part is the
physical environment of the various spaces used for teachmg
stich as sports fields, classrooms{33] Laboratones, commidars,
libraries Learning spaces outside the classroom and spaces for
activities or semmars Part 2 wall be the part of ToT technology
consisting of Smart Sensor, Smart Meter, Smart Device that
counects to the Infernet and commumeates with each other to
send data and receive commands. Sensors are devices used to
detect and measure envirommental data, such as
sensors, umidity sensors, light sensors[34]. Able to transmit
environmental data 1o other systems in the loT system together
with devices counected to the Internet{35]. such as smart
devices such as smart hght bulbs, smart appliances. smart
strveillance camens, etc. These devices can commmmicate
and transanit data to other machines in loT systems[36].

Comm.dmnnntqnlpﬁo(b]’sym
which are used for data processing. data acquisition. and
communication with other loT devices{37]. Hardware and
st devices work together with 6G network segments and
intelligent sensors to detect physical chasncteristics and unport
application data[38). Layer Digital Twin brmgs data from the
ToT layer to display alongside the hardware, d-phyllnnnp
data, wage listory, and clond with network
security[39]. Algorithms designed by researchers to provide
services for smart campuses{40] and algorithms that display
real-time and sutomated data and event predictions can be
used to control energy and other areas of operation{41 ], which
i based on the framework for smart campuses in energy
management. Compared to maditional operations. Smart
Campus has been found to manage energy efficiently{42].

IV. CONCLUSIONS

Smart Canmpus 15 a concept that focuses ou the application
of technology and energy munagement in the operation of
educational facilities or places where leaming and work takes
place at the umversity level[43] Energy management in
mmbmnm'ﬁgmd&imq[u].
Reducing umnecessary energy consumption and introducing
new fechnologies contribute to & more efficient energy
ratiof45), The power management model on a smart campus



may mciude(46] Energy cousmmption analysis and
monitormg Energy consumption amalysis i1s essential for
cneTRy management i smart campuses through the
mstallation of sensors and energy monitoring systemns such as
clectricity consumption monitoring{47], water consumption
detection. or energy consumption moniforing in buildings
with loT technology combined with 6G networks that provide
self-control visibility in twin behaviors. This can be applied
m the organization or m vanous places to have efficient

energy management and other aspects.
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