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Abstract

Real-time monitoring of oscillation events provides enhanced wide-area situational awareness
to the system operator. This thesis focuses on the impact of low-frequency oscillations on power
system stability, providing crucial insights to operators by visualizing these low-frequency modes
with appropriate characterizations. In the initial phase, a novel adaptive signal processing approach
is introduced to extract oscillatory modes from the signal using the “Frequency Partition-Based
Mode Extraction (FPBME)” algorithm. These modes are then analyzed and classified as governor,
inter-area, and local modes through a unique energy-preserving “Energy-Based Mode Detection
and Classification (EBMDC)” algorithm. Instantaneous Energy (IE) and Instantaneous Frequency
(IF), serving as nonlinear characterizations, are carried out using a window selection algorithm
in the subsequent phase. This aids in better estimation of the damping ratio and frequency of
oscillatory modes through traditional linear techniques such as Prony Analysis (PA), Matrix Pencil
(MP), and Eigensystem Realization Algorithm (ERA).

In the latter part, the implementation of mode extraction and modal estimation algorithms is
extended to larger systems through the concept of dynamic coherency. This work aims to establish
a robust analysis platform for oscillatory stability by capturing a condensed set of independent
spatiotemporal patterns utilizing frequency deviation signals at the buses following disturbances.
Measurements available at the buses of the system are organized through the conjunction of two
innovative algorithms employed sequentially: the linear Temporal Energy-based Karhunen Loeve
Decomposition (TEKLD) algorithm and the non-linear Coherence-assisted Dynamic Time Warp-
ing (CDTW) algorithm. Finally, the thesis proposes a method for identifying the source location of
sustained forced oscillations (FO), both in conventional and inverter-integrated systems, utilizing
a complex dissipating energy technique.

Key Words: Low-Frequency Oscillations, Modal Extraction, Modal Estimation, Dynamic Co-

herency and Source Oscillation
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