]
Qo Q/ = ~\ ~

U
ANNWIBINTT INAlBladAINANLAY ITAVTUNAANE AN 3

NIWAILILUUTIABUTINTINRR LN IATITINANSENUAINABRUALA NS AAUEA g

Tunsavnelnsanuny

A Simulation-Based Approach for Modeling Disaster Impact and BTS Recovery in

Telecommunication Networks
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System)
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(Simulation-Based Analysis)
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nsUsgliunaluaddedyadunisusslivlssaninmeuesssuudnaanagluganmsiau
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BTS lngldfaginnuaIevie 1w seeziaaitunisgau (Mean Time to Recovery: MTTR)
srdumsiurlarunsouaguuonaietne uazausoidaswesnisliuims uanaind &l
mMsUssfiumnumgauLaaLavgauRavestugan1siau BTS Ald Al inumsusziiiy
91115y (Expert Validation) Inglsiaseunguminaasuiuiaietsaiemiofldnuate

Tuneaunu

a. vauiwaduuinaztaya
Aseraedduuisedidunissiasndumfnnaziddasadng (Conceptual and
Structural Simulation) Tag3] 4 UN1500NUUUNTOUNITHIIUYBITEUUTIABILATBY Y
TnsesnaunelfanumsnifeRth matdvlildsdeiuiiatmoslfusnmsselamenis
warlilifoyaidandudiianuseulm sl deyaildlunmssassusznaudetoyaausd
(Synthetic Data) uazdayagnadaaintonarsivinsfiiieates 1wy lassadns BTS #aly

anwauglasagleni e uazsUluuRansEnuINAeRTRlWIITENHN W
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4.2 mjuﬁaaﬂmﬁﬁmmm (Expert Sample)
nauieglEIzNsAREDNLULLR1EIY (Purposive Sampling) Imsuﬁaﬂs:iﬁsmmﬁﬁ
AaNaNURATINLNe
4.2.1 fuszaunsalvinnuiueietisinsauwaulivesndt 5-10 Y
4.2.2 fnanuideniaUszaunisalanu Al 5o Network Optimization
4.2.3 fUnumuN190NLUUKEOUINITINNITIZUULAT UL
Snuidsmgyildlumsussidunseuinnuagluganisdu BTS ogflugae 3-7
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a v [

lunsdnaesseuukaznsUsediulugamsgau BTS vuidedivundiud sl

AuUsAU (Independent Variables)
®  USTLANUALILAUANNTULTIVRNNLNTR
o dmnuLazsumiares BTS Tilé¥unanszvy
o Uimaminensildlunsfiu (furs, gunsal, Mobile BTS)

o uauawes Al Mdlunsdnaula (ML, DL, RL)

$use 3 (Dependent Variables)
° izama%aﬁﬂhﬂﬁﬁﬁu (Mean Time to Recovery: MTTR)
° é’mﬁmiﬁmjmmmamqmmLfﬁmjm (Coverage Restoration Rate)
o mnusaiiesvainisliuinig (Service Availability)

o JszAnSamBaUTeuiieuveinagnsnisgau
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lupanisiAuanifigiu (BTS Recovery Strategy) n1eldszuudtasuasevielnsauuinuly
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Usziiuandi¥eduey (Expert Validation) Fsanunsatrludssendldlumuifeduiiieites

£

AUTEUUSIRToELALlATIATINUFIUAUATYIA

v
[ Y = o w

nadnsaInmsAndonuazdnduiuwuus Al Aviuzauigaanidudoyaiugiudng
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5. NSAULUIAANISIVY

Tlsunsustaaaiaitasizinansenuanndoiiduaznisgauaniiigiuluiadazinansauuiau
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Aasnd asraapumaTIaRY

Teodidmng

Fig 1. lassairauuuitaasieiiasginansenuainieitauasnisiavaaiigiulunodis

nsaNuAY

Input Process Output

Al Module vayanwuiioau Al Aoasniowilo raa Al fiSanimanly
2MuKunIsAN BTS WAt wmaTuladviinanty - o

Feedback

Il aaviunagidoinegy L

Fig 2. n39ULUIAAN1TITE NMsAnwmalulad Al uagnisusuivangliierviy
6. AANTUN13IY

6.1 ANWIazAATIEHINUILNNYITD9
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FUABULINTDINITANTUNSITEA 0N 15ANBILaZ AT 1B U TET LA 897 04
(Literature Review) iloadunsounundndmauiuasdunaiadmiunsianissuuiians
Network Simulation fi58s3un1sdnasssansznundofivinaznszurunsdauannigu
(BTS Recovery) 8819681883 NINUNIUITIUNTIUATBUAAN 5 naaniatendn lawd (1)
Crisis Network Simulation (2) BTS Failure and Recovery Modeling (3) Resilient Network
Architecture (4) Emergency Communication Restoration thag (5) Network Recovery

Performance Metrics
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ScienceDirect 1ag SpringerLink lagAnldonUNAINITeN AA1NLA 821704lABATIAUNIT
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o w

1 a <3 aa v 1
‘1/111’391%%LLU'W]'NVIWUIU’JiiﬂJﬂiiQJ@aﬂL‘U‘Ll 3 UngdAgY TAuA

1.41@n193918991A53918 (Simulation Modeling Techniques) 1y Discrete Event

Simulation, Graph-based Modeling Lag Digital Twin

2 An1sUssidiuanunumuwazn1siu (Resilience and Recovery Modeling) Lau

n159m Time to Recovery, Connectivity Ratio Wag Service Availability

3.dansuseynd lddayauseavgiienisandula (A-based Optimization and
Decision Support)

o

& = a & 1 ' I3 1% . '
UaNIINI GI8N1991ATIENY0921998989AANU] (Research Gap Analysis) WUQ1

(Y] '

mAdediulngfadunisiiessianuidemerienisesnuuulasainun3eieilomeu]

o

o w

widaansysannisiuga Al fianunsaidiennagnsnisiau BTS wuudnlud@nelddednin
YomingInshazganunsaniuisuLlauunain nadnsantuneuilAensauliIAngs

ysunsfiididuiugruluniseenuuu High-Level View (HLV) vaaszuudiass wazilu

'
a

udeyaldangradmiunsdndenuuus Al ivnzauigalutunoudaly

6.2 MsduaTinalulaguasngueuidenineidas

va o

Tutunoutl A3deadunsmumuassanssuegradusguu (Systematic Literature
Review) AS8UAR U139 @ Crisis Network Simulation, BTS Failure Modeling, Resilient
Network Architecture, Emergency Restoration 1ag Al-based Network Optimization lag
Andensideangudoyaivnsilefunseensu 1w IEEE Xplore, ScienceDirect way

Springer m3dupsziazdnnguialuladoanidu 3 dwumdn laun
1. waluladnisdnaeansavny (Wu Discrete Event Simulation, Digital Twin, NS-3)
2. WUUIA8IAIUNUNUYBLLATOUY (Resilience Modeling)

3. walulad Al dmsunisenaula
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NUUITIRTIAIBUTiBuRaaY 3R warAumnzannen1sUszendlyly
U3unNsAY BTS laeiansaundadesiuanuudugi auaiunsalunisussiianawuy
Real-time AMuFUFRUITIAIIN wazANANNNIlUNTVE85EUY (Scalability) Hadwsan

TunauilazlignednuiiBedunsgrinldimun High-Level View (HLV) ¥4 Feature 113

avsfenufuaznsgu BTS nieudmuanaeidmiunmsdadon Al luduneudaly
6.3 MsAnianmAalulad Al uaen1s Benchmark Tiazuuy

Tunsuilywdun1sanideniaus Al inaizaungadnsuluga “Al Module 319

wHuN13AAY BTS” nemvualid3euiieu 3 wuusven lawn

1. Machine Learning (ML) - @195 UA15WE1NTd AINLA 8 RELAZAIANIT A
HANSENU

2. Deep Learning (DL) - dwiuliasienguuuudayaiiedudou

3, Reinforcement Learning (RL) — dnsunsdaduladadsudumelfaninyly

LU

My Benchmark Usenausie

1. mmmmiiﬂumiLﬁuﬂizﬁw%mwmsﬁwj (Optimization Efficiency)
2. anudlunisendula (Decision Speed)

3. AnyansalumMsiseusanaaunisallual (Adaptability)

4. ANukluglunIsAANSNAANS

5. ANUWINzaNien1sUsEYnAlusEuuTIRes

wiazuyusagldsunzuuuluguuuy Multi-Criteria Decision Analysis (MCDA) %30
Weighted Scoring Model Tnglsimtinaunnuddyuosnas annsinsziduuin
A1A71 Reinforcement Leaming axfimanmngasgean esanawnsadouinagnsnsg
Fuflmngaufiganigldnsnennsirfauagdeuluudsuutas wadnsdunouide doazuids

wiasmsiden Al wvudladuwnundnues Feature wisuazuuwiSsuiieveginluszuy
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6.3 n1sAntaanmAlulag Al kazn1s Benchmark Thazwuy

=

TUABUAATIIEADNTUTEIUAMIMAIEANTRILATIATIY Feature wagnI1siaen Al N
o o

n13d15aLeIey wiseandu 2 nau lawn fideamgaiussuu Al uas Jideiviysiu

A38918INTAUUIAL
Tdwuvaaunu Likert Scale 5 586U LaUSEIUANUMNNEAUVDS

1. Iﬂiﬂﬁ%ﬂﬂimaa Network Simulation
ANUANYINAUNAVDANUI Benchmark

AMULINEANURY Al AkASUNISARLEDN

A LN

Anudululalunisinluldasa

nsiagiteyaldadfdanssaun laun dtade (Mean), daudoduuinnsgiu

(S.D.) wazARviAUaBnAa 8 (I00) v adudumIuAsHT Bl ounn uanannidudale

@ a

HLEIRiauetaAnuRan I (Qualitative Feedback) 1einunusuuss HLV veassuy

19

NAANSTUMBULILTUTUIINITHEDN Al LarlATIAS1e Feature AANUMALNEAULTIIVINTHAY

7. a5ULUIAAN1IY

LWIAAMAN UM IR TEUUTI04lATI 8 INIANUIANTI AN TOIATIZVRANTENY
nnfeiivinaraivayunsdnduladonuuinienisgfuanigiu (8TS) ldegrumnzau lny
gsm'lﬂ’]'ﬁLLmﬁﬂﬁ’m Crisis Network Simulation, Resilient Network Architecture itag Al-

based Optimization 1l iee i

91NNFEBATIRMIUITEAIUNTTIaBRAs aUeluN1IETNg M WuIINslY simulation-
based modeling HeliausauseiiunansenuiBalassasiawaznstiusaslaegradu
syuu [11-[4] Tesawzlunsaunuiulmuselassiivauuisdiu Gedawali node drdey 1ou
BTS 1138 backbone link agyideni1svie1u Ineeusu BTS Failure Modeling &9l

a =) a o [ 4 a 6 1 LY .

AN g vesan g ulanyuetiu network cascade wazABIIATIENIIUAY traffic
redistribution [5]-[8] Tuitaatnenssu 91uideau Resilient Network Architecture Lau®
WWIAA redundancy, diversity routing ta¥ adaptive reconfiguration LWBLNNAIINAINITE

Tun1siuea [91-[12] vaugifeniu $1uAU Emergency Communication Restoration Loty
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o w

nsvaarduaudrAyvaslnua (Node Prioritization) Wagn1sinassnine s Auees

o

WL AUNELATINNNAUIALAE NI [13]-[16]

LUIAAVDIINUT YT 9@ UBNITWAUT Network Simulation Framework 71

Usgnaudie 4 Tuganen Lau

—_

. ugaidmsnfiwesiasawne (Topology, Traffic, BTS Structure),

v a va

. Tugadnaeuvansaldeiids,

. Tuga Al dmFuiFennagnsiau BTS Mvunzauiige,

1%
v

. TupauanIadnsuaz Y

[

IAUTLENTNIN

A LN

[
19 |

Tudu A 9uIdelyadmaeiuazAndon 3 wuwandan tawn Machine Learning,

Reinforcement Learning Way Optimization-based Al LiaUsziliuamuimunzaulunisidan

recovery strategy N8lAT891AANTNYINT FI@0AAADINUITUA U network recovery

v
19

optimization [17]-[19] N15USzLTUNATEUUIZO1A 8@ 1T TAA 71U Network Recovery
Performance L% U Service Availability, Mean Time to Recovery (MTTR), Coverage

Restoration Ratio wag Resilience Index ANuLUIAANITINAUNUNIUIBILATIUE [20]
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