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Executive Summary

Performance of Phasor Measurement Units (PMUs) varies with operating conditions such as
dynamic system states, harmonics, off-nominal frequency and changes due to load changes and/or
faults. Phasor based applications may utilize only part of the PMU measurements like frequency,
voltage magnitude or angles. Accuracy of these specific measurements depends on estimation and
filtering algorithms within PMU, which can be switched between different algorithms to adopt
with specific applications and operating conditions for higher performance. The PMU can self-
report critical data quality information such as estimation error and GPS status using user-defined
bits to provide better decision support for operators.

Distributed applications using PMU data may require some of the computation to be done within
PMU. Data management can be done in intelligent manner to minimize the computational and
communication burden centrally as well as to enable enhanced applications. Additionally, user
defined bits can be used in flexible and intelligent manner to realize enhanced capability of PMU
for smarter applications. PMU data quality and interchangeability of PMU with changing
applications is another important issue.

This project focuses on all the above aspects to develop ‘adaptive’ and ‘intelligent” PMU for
smarter applications and believes that ‘one PMU does not fit all applications and all operating
conditions’. In this project, we have developed several versions of advanced PMU with different
features: the adaptive PMU, the standard PMU, virtual PMUs and the distribution PMU. In
addition, improved testing methods to characterize the accuracy of these PMUs are also reported.

For the adaptive PMU algorithm, wavelet transform (WT) based phasor estimation is proposed as
an alternative estimation technique for dynamic system condition like off-nominal frequency. The
system frequency is updated by WT based estimation of target frequency. Also, multiple filtering
techniques have been developed to provide options for different operating conditions. Switching
techniques is proposed to identify system-operating conditions and choose suitable estimation
algorithm within PMU. The standard PMU algorithm performs discrete Fourier transform (DFT)
utilizing a variable time window so as the frequency changes the integration interval always
contains an integer number of cycles. Thus, spectral leakage and other known errors of the Fourier
transform for a signal of changing frequency are eliminated. We have also developed a virtual
PMU using the DFT based Standard PMU algorithm. The performance of Standard PMU
algorithm is evaluated with variable sampling rates and several different interpolation methods.
Performance results are provided in the report for all these PMUs using PMU Performance
Analyzer (PPA) and WIinXFM platform as well as upgraded test beds. Distribution PMU is
designed as a single-phase low cost PMU using National Instruments Platform.

Synchrophasor data quality is another important issue. PMU data can be dropped by
communication system, have high noise, or have errors attributable to GPS signal errors. We had
access to industry provided field PMU data and developed techniques to identify defective
synchrophasor data using statistical techniques.

This work is opening up various possibilities for more intelligent applications as well as more
intelligent automation of power system functions. One of the applications is dynamic state



estimation based protection, a.k.a. setting-less protection. Experimental results show that the
setting-less protection method provides better performance than traditional protective schemes.

The report highlights challenges of using synchrophasor data collected during power system
equilibrium state transitions to understand and characterize dynamic behavior. Interoperability and
interchangeability is an important issue for intelligent PMUs. We propose an interoperability
standard for intelligent PMUs in terms of power device model data exchange.
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