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Abstract

Signal processing and data mining is a growing area of multidisciplinary research in power system

monitoring and control. Copious amounts of data are being generated by measurement sensors

installed at different power and voltage levels, as part of various worldwide smart-grid initiatives.

This thesis intends to extract information from the synchronized phasor measurements and assess

system dynamics as quickly as possible. Different data driven approaches have been used for this

purpose, as follows:

1)

2)

3)

4)

Very often the power system measurements are corrupted with different types of noises-
electromagnetic transients, measurement noises, noises introduced in communication channel
etc. An innovative index was proposed in this thesis which can identify the best denoising
technique and its parameters so that multiple techniques can be used simultaneously and the
best one may be chosen online. The denoised signal can be used for different applications like
event detection, modal analysis, control etc.

As the signal is denoised, it can be analyzed to detect and locate power system events.
Recurrence Quantification Analysis (RQA), a nonlinear data analysis technique was used to
locate any dynamic event. Recurrence Rate (RR) index of the rate of change of voltage was
used to locate different dynamic events.

Apart from approximate location, information regarding post fault topology is important from
the static and dynamic security point of view. PMU data of the generator buses were used
along with the SCADA data to identify the tripped line just after the fault clearing. A data
analysis technique called k™ nearest neighbor technique (k-NN search method) was used to
rank the probable rank lines quickly using measured and simulated data so that computation
burden in the online is minimum. As the method is very quick, it may be used for predicting
transient stability and other dynamic analysis.

The information regarding the post fault topology may be used to assess transient stability
after a fault. The group of generators that tend to separate out from the rest of the system (but
may not separate from the system in reality), is called Mode of Disturbance (MOD). If the
MOD information is known, total system energy margin may be computed quickly. K™

nearest neighbor method (k-NN search) was used to rank the probable MODs using a look up



table and PMU measurements and the correct MOD was identified from the ranked ones.
Using the MOD, system energy margin can be calculated and control action may be decided.
5) Accurate information about governor dead-band, droop are required to simulate different
frequency events offline and offline simulations required for other purposes. As these
parameters are very often unknown, Unscented Kalman Filter was used to estimate these

parameters using PMU measurements of the generator buses.

Key words: Wide Area Measurement Systems, Topology Identification, Tripped Line,
Transient Stability, Event Location, Parameter Estimation, Load Frequency Control.
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