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(Summary)

AiwXit, BEARKOBURRBEER R L ZRETIRICLIXLITERT S, MROFHBELELE
BLEBENRBREDOLOOHZAEEHBET VORRLEEZOEHEDORIELZIToZHLDTHY,
(BRI EZr AR MNMELZERL-RFEBEO DO OKBEHBEET V] LBEL, bEX D HEK
Ihs.

FB1E [Fi# T, AEOERLLT, BNVATARRDEERASA LV T7TD—D2Th

BEWPOBRFH R2BAMEAG O LI, EERACHTIFMBLOEROWEH D DX
RBRFNBLBERRARTHDLZ L, BEL I 2k~4 ZRUICHIGFIEREANR FRARPEETHD Z
LERAND., 2L T, RIEFATORED S, FRiXKE L TENRROREBHEBICLBERER A —
E~DFAN—KEERMT I NR N2 A—FEBHE, BEMKL L TREFRICLIEEAN
ORERBEEZWEL T BBXNFX —FROEREBRMBEICK L, BEFOEEIEE T /VITEA T

BRMERENSREN TH DI RRERFELZRV B EEOREEILEZTFTER TCETCVWARVWAE
BRI 5. RIT, KAXOEWNIX, BRx REARBREORTAANA—RBOBRORRMUERLEEEZR
L7l R BHHBETNVEREL, ZOAIEORREZITOZLTHH I LE2RBND. BRIZ, &
LI BITHHAEDFIELERTOVTHR LS.

F2E REOHE] TIX, BAMNRTHLITANN—KBORMEBHEN R THLFRRFOEBER
EOZENRZENIZOWVWTH LS. 7, RIFOHKE LT, EHNRMKOREHE, RET—FHBH, B
FOVAN—HED—FETHIRET —FEAKRBOEMALERN TS, RIZ, RET —FEAKE
ERATHEDOREGFOHEBHBEETTNVERMNL, RETREXBRI -V BR+5THIRRED
MEAPERINTWDZ L ZEHTS. 2L T, BEETNVOMBEREZHBRL, F-REEHEET
NERBET DD o TARIPERTIETVILDOERGHIZOVWTH LS. BEFIZOVWTIE,
THMFL LT, FREFHRFOEABREFIEROKBELEELZERTS. RIZ, HRBIELEOREEL,
SHABRCEBMR OSBRI AN —BRORE LIEH, RESERLEOREEELEZE L
ETNVEBEOBEMRICOVWTER L, BITHETCEELNICLLZETCETCVWARVWATHERDS Z
LEEWMTS. BBIC, LROEHAEZEBRE L AHEHBET LV EEBET IO TOERSF#HIZ
WTi#wm L 5.

HIE REBHEIIBIIAAET —FEAKBICXNTH X M A —FEE] TiX, 3EHOA
— X ~DORFREETEINRIC, RE#HESICLER MWAA—F] TN TCHEAEEZED =B
Bl TMEA—%] ~ORBKELEE L AR MR A —FEEBEEZROZ7-DOEEHEET
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NERRTD. b, RERA—FEBZHRMIIRD 572012, EREHHOBEICME, T
ERHHOREZHBR L CHEZ a7 MET B FECOVWTHRRT S, BERKORR B KT
A PREERANCEREERICELY, 2RO A —F ~ORIBKEIZH L TEEET VLD HERMIC
EEAEENSRESLZ L, BFEET AT TE Do RIEHFDO A —F ~ORFHEIZONTH &K
HWEEZROONDZLE2RT. £, MBEOa2 I MEOEHHESLZ —FRT X —FZDENIT L
BEBIIONWTERTS.

FAE (FEERETCBI>2EREROLDOSBEB XNV —BROKHEERE] Tk, RHE
HIZE-oTEREBELEAFM~RBECENZHMHMBR T2 L 2N, BERERORBHER L ORME
EMEZER LA IV —BEROEHEEBE RO ZOOHBAHETT VERRET LS. BET
TNVE, FREEEEZEBOV TV AL EORERRE LTEREL, BB XAVX—BIROERHK
BREDHIMNGZHEDO T CHEERIELZBDOEHENEEZHERLT S, BNV —BFROKHEER %
ROBDETNLVTHD. I3BROT A MREEZRAVEEEERRICLY, B XL —&IEOKEE
BICX VRO REIRBRENEBRTEH 2L, SBEEROKERRIZE C-ENRSBE T X LX
—EEOEBARDOLND Z L E2RT.

EHE MM T, ARX, BEHRRICBI2RMEEBENRIC, [RETFT—FEAKEIC
THA—HFERE] BIO MEAEHEROLODON/BRE XNV —BEOKEREE] OZh T
DONWTC, EITHEOHEREZRRL, BEL I 2ZERARAET —FEAKBIOREHER L ORER
MEER L HEREBEHBETVERRL, TOMEFMET LD THSD ERETS. £,
SHOBEL LT, LV RERBAEOMECHEMELRFHERE CORBREEBICATZREETNVORE
RIS bR HHEDRL, MOBRBELFHELOMAGDORICELIEEM ERENZTONSZ LR
5.
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(Summary)
This thesis proposes a new mathematical programming (MP) model to study pre- and post-countermeasures
against power outages from the viewpoint of facility placement to maintain and improve a stable power supply.
The thesis, titled "Mathematical Programming Model for Facility Placement Considering Robustness in Power
Systems,™ consists of five chapters.
Chapter 1 first describes the background and objectives of this study. This study aims to propose new MP
models for robust facility placement considering simultaneous coordinated cyber-attacks and accidental facility
failures, respectively. Then, the methodology and significance of this study are discussed.
In Chapter 2, we first explain how False Data Injection (FDI) attacks, a type of cyber-attacks on power systems,
work and the difficulty of detecting them using conventional methods. It then points out the problems with an
existing MP model and presents an approach to solving them. Next, regarding the optimal placement of
distributed energy resources (DERSs) for service restoration, we first discuss the essential items to achieve rapid
restoration and then present the problems with existing models that address these issues. Finally, the approach
adopted in this thesis is presented.
In Chapter 3, we propose an MP model to obtain robust meter placement against FDI attacks. We also offer a
method to compact the coefficient matrix by eliminating redundant constraints. Numerical experiments are
conducted to demonstrate the superiority of the proposed model over an existing model. We also discuss the
effectiveness of the coefficient matrix compactification.
Chapter 4 proposes an MP model for DERs placement optimization considering uncertainties such as equipment
failures. Uncertainty is expressed in multiple scenarios, and the amount of restored power is maximized.
Numerical experiments show that the appropriate placement of DERs can be obtained according to the failure
probabilities of distributed generators.

Chapter 5 concludes this thesis and discusses future prospects for the proposed model.
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