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ABSTRACT
With the recent developments in communication, computing, and
sensing technologies, wide-area measurement system (WAMS)
technology and phasor measurement unit (PMU) make online detection
and monitoring more convenient. Due to the application of alternative
clean energy resources in recent years, the scale of power networks has
been dramatically increasing. However, handling a large amount of data
with high dimensionality and rich information from advanced power
electronics and devices becomes the main challenge to conventional
detection methods. As a solution to this challenge, this work focuses on
developing the methodologies of fault detection and fault location
identification for large-scale power systems employing dynamic PMU
measurements based on random matrix theory and big data technology.
The study proposed an early fault detection scheme for large-scale
power systems in a non-Gaussian noise environment. Also, spatiotemporal correlations structures of PMU data are explored and
determined by the factor model for anomaly detection. In addition, the
study investigates the low PMU observability power system. An anomaly
detection approach is carried out to increase the dimensionality of PMU
measurements based on tensor augmentation. Furthermore, the study
gives a data-driven scheme for fault location identification using
correlation analysis. Fault location information can be extracted by
analyzing the correlation between the influence factors and the system
status from PMU data. Finally, a mathematical analysis of multiple line
outages detection and localization for transmission systems based on
free probability is studied. This methodology explores the polynomials of
large random matrices in the background of big data analysis for a largescale power grid.
The performances of this work are validated by utilizing standard, large,
and synthetic systems, including IEEE 57-bus, IEEE 118 -bus, IEEE 300-bus,
IEEE 2383-bus systems in different scenarios. The simulation results
demonstrated that the presented schemes are more sensitive and robust
than other statistic approaches, which are efficient methods applied to
online monitoring and fast diagnosis for large-scale power systems.

