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! Phasor Measurement Unit

2 Wide Area Measurement System
3 Energy-harvesting Sensor Node
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WAMS: Wide Area Measurement System
PMU: Phasor Measurement Unit

SCADA: Supervisory Control and Data Acquisition
EHSN: Energy-harvesting Sensor Node
PPSN: Plug-in Powered Sensor Node
BPSN: Battery-powered Sensor Node
SBO: Security-based Observability

EBO: Economic-Based Observability
PDC: Phasor Data Concentrator

EMS: Energy Management System

CM: Conventional Measurements

IM: Injection Measurement

VM: Voltage Measurement

PFM: Power Flow Measurement

SOPFM: Set of Power Flow Measurement
SE: State Estimation

OSI: Open System Inter-connection

LF: Load Flow

OPF: Optimal Power Flow

LF: Load Forecast

SR: Sensing Range

TR: Transmission Range

MEMS: Microelectromechanical System
OPP: Optimal PMU Placement

ILP: Integer Linear Programming

MILP: Mixed Integer Linear Programming
BCGA: Binary-coded Genetic Algorithm
Z1B: Zero-Injection Bus

SOZIB: Set of Zero-injection Bus

BOI: Bus Observability Index

SORI: System Observability Redundancy Index
BRI: Bus Reliability Index

BILP: Binary Integer Linear Programming
FZIB: Fully Zero Injection Buses

PZIB: Partially Zero Injection Buses

IM: Incident Matrix

CO: Communication Observability

GPS: Global Positioning System
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ABSTRACT:

In smart networks, the problem of measuring and estimating the state of the system is
vital. Power system monitoring is unavoidable for optimal operation and preventing the
probable failures. Phasor measurement units (PMUs) is one of the most important parts
of the wide area measurement system (WAMS). Also, optimal PMU placement (OPP)
problem is one of the significant issues in the WAMS. Communication infrastructure, as
an inseparable part of the wide area measurement system (WAMS), has to be optimally
designed and placed to collect information from phasor measurement units (PMUs) and
deliver them to control centers. Therefore, the power system observability cannot be
obtained by employing only PMUs. In fact, in order to well estimate the state of the
system, observability is a must.

In this thesis, a security-based observability (SBO) and economic-based observability
(EBO) methods for the PMU and related communication infrastructure is proposed. A
hybrid wireless sensor including plug-in powered sensor nodes (PPSNs) and energy
harvesting sensor nodes (EHSNs) is proposed for connecting of PMUs throughout the
system to enable a convenient and low cost communication media. The contingency-
constraint optimal PMU placement and related sensor-based communication
infrastructure are proposed and formulated. To increase the reliability of the CI, a
reliability index for the wireless sensors is added as a constraint to the objective function.
The objective function includes the total cost minimization subject to power system
observability and communication constraints. The proposed method is evaluated on
sample test systems to assess the applicability and effectiveness of the proposed algorithm
compared to the conventional methods in this subject area. The results show the
advantages of the method and reduction of WAMS total cost compare to the previous

methods.

KEYWORDS: Wide area measurement system (WAMS), Phasor measurement unit
(PMU), Wireless sensor, Security-based observability, Basic Observability.
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