MImFITmsneivg usa.guin U7 9 atuil 2 w.a. 2568 PKRU SciTech Journal 9(2) 2025

nsiihszennuidsdluiingisesdseflatidsnguasnawitew
Risk Surveillance for Backup Power Systems Using Rule-Based Fuzzy

Inference and Dependency Graphs

ITIENS WERUY WAL WIYWE AN
Warayut Saena & Hanphon Mitwong

a1 3vuneluladenaimnssy paInermansuazimalulad un)ingdes1959100
Industrial Technology Program, Faculty of Science and Technology, Phuket Rajabhat University

Submitted 19/09/2025; Revised 23/09/2025; Accepted 15/11/2025

UNAnge

nsanglihegiseidostinudidnselssnugnamnsslunialéilsdunsty win
Aensvgaveiniiedhifiuienavilinimanvgaes nuaznsenunrdedomisgsia ssuu
dhszaasesdsedniiifufiondeifinasiasdidhasadyaafowiuanusiduns oot
Tudadingn et uiauemsudsnnsiled Ssusznoudieassesdusznoundn Taun
srvveyuileduuudilesTonasuay (LO-FIS) Aldmsimusmnusinstlsadununisulag
AR ur193 Lﬁ'aa%’mmﬁwmwﬁmﬂ (0 = Un#, 1 = Ingm) WarnII w7 azviou
n13uNInIzaen1ud B9a1niad osdsesluiludsgunsalddny sudsngnAadsuy
raspberry Pi waideusofiuindasdrsein Syndome HE-RT-1-3K lunsvaassldinissiass
wndatesiinmunulivatesziu ndeuduiindeyarerdesan 72 9alus aseunquyadlvan
wanvane uudeya 4,321 78819 nan1svaaewandliiiugn iaauusiugn 99.32%,
ANNAINTALUNITATIVTY 97.14%, UazAvhuy F1 w1y 98.07% dnsuddiouinnainiiies
1 ads wavatssveznaudafioudmi wisusvana 30 Jufideungliuess uuamaiise
awnsafiuanuydofiouazanununiuvesszuulnindiseslulsanugnamnssulaeeis
TUszdnsam

Adnany: szuuliihdrses assneile® nguinsml nsihseiuazudasiou

*éﬂisa’mﬁuwﬁﬂ (Corresponding Author)
E-mail: warayut@pkru.ac.th

msithsedspndeelniharsesaieiedidinguaznsmnem, 28



MImFITmsneivg usa.guin U7 9 atuil 2 w.a. 2568 PKRU SciTech Journal 9(2) 2025

Abstract

Continuous power supply is critical for factories in Thailand’s Andaman region
because even short interruptions can stop production and affect business continuity.
Conventional UPS monitoring with fixed thresholds often creates too many alarms or
alerts too late during critical events. This paper presents a fuzzy—graph framework with
two main parts: (1) a linear overlap fuzzy inference system (LO-FIS) that uses threshold
mapping instead of defuzzification to produce binary outputs (0 = normal, 1 = critical),
and (2) a dependency graph that shows how risk can propagate from the UPS to other
devices. The framework is implemented on a raspberry Pi and connected to a Syndome
HE-RT-1-3K UPS. We inject controlled faults at different levels and record data
continuously for 72 hours, covering a wide range of loads (4,321 samples). The results
show that our method achieves precision 99.32%, recall 97.14%, and F1-score 98.07%,
with only one false alarm, and provides an average lead time of about 30 seconds before
actual outages. These outcomes indicate improved reliability and resilience for industrial

backup power systems.

Keywords: backup power systems, fuzzy logic, graph theory, monitoring and alarming

msithsedspndeelniharsesaieiedidinguaznsmnem, 29



MImFITmsneivg usa.guin U7 9 atuil 2 w.a. 2568 PKRU SciTech Journal 9(2) 2025

unii

Faniail sdunsiuresnielduszmalneiunumdansvghaididn Heludiu
AAMNTIININARLAZN1ALINTG Inslanizgpavinssutdutiiusazsransdsiedu
uwnasingaundnlunisndnuaznisdsooniiaireneldummaliuivszma vaziferiuaia
nsvieaiisanazusmsluiuiisanann Faflaudfysonisadieselduasn1sdanudiil
A enloslagnsatuiAsugAesiosd ukaziasugiounaiavosusene [1, 2] A5
Tassadafiuguadnadadunalndidnylunisdued sudneammaasugaveaniane
Tnglamzegidegueddoya (data center) wazszuuauaudaluiAaTiedunsUszananaluy
Foalml msiingsidoyadedn waznsdeulosdoyalusincldguniu anusoideuay
anuadesvessruulassaiefiuguAivadenandanudidyodied snonisdiiuau
AUYRAMNTTURALUINT MNLAinANNaEAAvToNIeAYeInvesssuuliin anadwmanseny
Tnonssronszuaunndnidiituuasenams saudsieliAnaudsmesogiudoye
Filadafnduazdnmansivy faduilavdnvesnsdnnisgravinssuadslval Snviaddana
nsEnuseszULUIMITnYieafisdiidesfieninisdansteyanuuysannsanuduimaives
szuvitenathlugmisgadesels nisdelonianisgsia wagduyugdlunisiaussuy (3, 4]

gnaunssuNIsHantaznIauinisiaedlng nlduuamanisudlodymainy
isteiflosesszuulnidsnmsinduaiasdrsodluih (UPS) evhmihiidesiudosfuuay
fnwnsdndunvesssuuliannsayianuldogaseiiied [5] egdlsfam 3305z ds
nsvhanuvesdsedliiildsuilulnsedeinaeinisudadeunuuasi (fixed thresholds)
nduneliiAntesidanareysynis Insamedgmnisud i eufiviniuanusidy wu
naudafiouanmamageuluameIMuTeY MInnaseukssulutsnadu wisruiunny
yaslnanifisatingg Gﬁqa”mdﬂmaiﬁgifﬂﬁﬂ’ﬁmuLﬁmm’;za'aué’wmé’mymymLﬁau (alarm
fatieue) wavanveulszaniamlunisnevauesoaaiunisaiase [6] Tunendusu Wieldn
WnNSAARUNAT TANTUUTIT LU nsuiamivesliifinnszuaady (AC failure) syUy
nsudadounduinuiliiufiarandn iesndesselsirmafiweiduliianasianusiings
Aoufiavdsdyganiiou [7] mmﬁw%’wﬁlﬁLﬁmﬁﬂﬁﬁﬂﬁﬁﬁmuqzylﬁaIama‘LumiLm%'sm
nsfusieageviuniaed uwidsenaihludanudemesuussieaenisngn grudeyasuladaing
suszuuudnsiigesiionlassaieiugusuitfaedalliefiosnwdndas 9ann1smunu
sunssuiAsadeamuin vuAdednunngddduumanisUssananafonssngited (fuzzy
logic) iednnsiuanulduiueuvesdyaaanedesdisosini [8-10] vausfidndruniald
nQuins1w (graph theory) lunsiiasiginnudsadslasadne lnslawgnisussiduna
nsznuuLgnle (cascading effects) [11] Saudiisaosuuimisasddnenin urdilifioulad
‘gmnmsagﬂLL%ﬂsuaaﬁ'aaaﬁ%vﬁﬁwﬁuaﬂwﬂuizw dielianunsasesiuisanulsiutueuuay
AutugawTilasaiswaszuulninlinsoudy

msithsedspndeelniharsesaieiedidinguaznsmnem, 30



MImFITmsneivg usa.guin U7 9 atuil 2 w.a. 2568 PKRU SciTech Journal 9(2) 2025

Fatfu mafmusdsnnanilediysannsssuuoyuuiisfuuudideslenosuay
(linear overlap fuzzy inference system, LO-FIS) L 11"U AN ann (dependency graph)
ausasnsziunnuusiugilunishse T wiosisaanisudadoudlisiduveuaiesdisos
Inflggnaiusednsnm

WUILENA

1. ilemunnsudsnnsmileddnsunsnduanuiinunfuarlinseinansenuves
wdeadsadliih

2. i eUszifiudsz@ns mmisuiidnuuszuuasaiienis sasunndades (fault
injection) WAz Yanan

ABenliumsdy

1. anigf{3d81Fdduns@nvinarsusinunin vgul uasnasideiiieadesiu
nsmitsBiitethuliduiugulumstanuameide

2. Wansaisnnsmiled (nmdl 1) wagdiauesudsniinausyueyuuiled
wuvdideslenesualidrifunsmitenifieliasnsaannisudufouiawain waziinss
MIUNINITLVRINansEnulanSauiy LW%ML?%ﬂﬂﬁWWSﬂ%Qﬂamgﬁuu Raspberry Pi 4 3.8
Lulaseufinmesuuuvesaieiidenlddnsunulssinanafivouiniots (edge computing)
dosniidunush suieneiade uazsessunisvhauwuudealnl Tnetumeunsvinunely
wlsuA$nnsmiftedussnoudaenssuaumsang 9 feil

UPS Input Signals
(Vin, Vout, Vbatt, Load, SAG)

+

Fuzzy Layer
(Linear Overlap MF, Output: 0-1 risk score)

-

Threshold Mapping
(Binary decision: Normal (0) / Critical (1))

+

Graph Layer & Alert
(Risk propagation and alert: Low, Medium, High, Critical)
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Rule Map: Output Severity by Battery x Load under Different SAG Conditions
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Fixed Threshold vs Ground Truth
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Distribution of Alert Latency
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