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Application of PMU on Fault Detection and
Hybrid State Estimations
Andrew Lockie, Thomas Dowd
measurement data is extensively incorporated and influence
in State Eastmain algorithms after massive deployment of
them in the power systems. Recently, it is shown that
integrating PMU data would increase the accuracy of the
methods that estimate the systems’ state. Therefore, a clear
picture of most recent hybrid state estimation methods and
their application is evaluated in this study.

Abstract: It is feasible to record and monitor the power systems’
dynamic behavior with the extensive deployment of phasor
measurement units (PMU). PMU provides high-precision data in
which has shown applications in many fields. This study gives a
comprehensive prospective of the application of PMU in fault
detection. Basically, this paper evaluates the application of this
data for fault detection. In which, it is crucial to detect the faults at
their early stage so remedial reaction can be taken to reduce the
potential damage. Second, the incorporation of the PMU data into
state estimation algorithms to achieve more stable and accurate
estimation algorithm. It is demonstrated, incorporating the PMU
data will increase the observability of the system, however more
comprehensive algorithm to monitor the system and detect the
faults is needed.

II. FAULT DETECTION
O operate a power system reliably, it is imperative to detect
and isolate power system faults in their early stage. With the
extensive deployment of phasor measurement units (PMU), it
brought many benefits to us and it made it easy to observe the
systems’ dynamic behavior. Voltage and current
measurements are measured and delivered by PMU in a
synchronized and time stamped manner. The sampling rate is
usually between 30 to 60 samples per seconds. Because PMU
is well synchronized and provide high-precision data, these
data has shown auspicious application in many fields such as
power system monitoring, state estimation, power system
protection, power system control, simulation validation and
fault detection and location. In this report, we will study the
application of PMU in fault detection and location impose
systems. It has been reported that the every early GPS-based
PMU units were invented in early 1980s [44]. To detect and
locate the fault using PMU measurements, Jiang et al. in [1],
[2] proposed an on-line method that can deal effectively with
numerous distinction features related to precision of fault
locators. Locating the fault in 2 steps: pre-location step and
correction step, a PMU based method is introduced in [3] to
locate the fault for series compensated lines. The advantage
of this method is that it does not uses model and knowledge
of the operation mode of series devices. Using synchronized
PMU data and considering arc voltage discrimination, Lin et
al. in[4], [5] proposed an algorithm to detect and locate the
fault that are permanent in high voltage power lines. To
increase the accuracy of fault isolation, an allocation
algorithm is proposed in [6] that determines optimal sets of
PMU units. Using circuit analysis based procedure, Brahma
in [7] developed a multi-terminal algorithm that compares
pre-fault and post-fault synchronized voltage measurements
to locate the precise location of the fault. Using the PMU
measurements at two-terminals of the transmission lines and
arc voltage amplitude, Lee et al. [8], [9] proposed an
algorithm to locate the fault in power systems and distinguish
the permanent fault from transient fault.
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I. INTRODUCTION
It is important to detect and isolate the faults in their early
stage for reliable operation of power systems. It is also crucial
to monitor the state of the system. With the extensive
deployment of phasor measurement unit (PMU) devices,
tracking and observing the power systems’ performance has
become
feasible.
Basically,
PMU
provides
time-synchronized measurements of voltage and currents
with a GPS synchronized data that are sampled at rate of
either 30 or 60 samples per second. Because PMU is well
synchronized and provide high-precision data, these data has
shown auspicious application in many fields such as power
system monitoring, state estimation, power system
protection, power system control, simulation validation and
fault detection and location. In this report, we will study the
application of PMU in fault detection and location impose
systems. It has been reported that every early GPS-based
PMU units were invented in early 1980s.
Precise State estimation plays imperative role to security
and reliability of power systems. State Estimation (SE)
methods are used to increase the safety and efficacy of power
systems [1]. Historically, SE algorithms trusted solely on
SCADA to record and track the systems. Phasor
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To decrease the transmission delay in an adaptive
communication network of PMUs and monitoring center,
Chuang et al. [10] introduced a computer based algorithm
and integrated it with a fault location algorithm.
To estimate the location of a fault in a three-terminal system,
Izykowski et al. in [11] used voltage and current that are
installed at different locations.
To detect system single line outage, Tate et al. [12] utilized
system topology information and real time PMU
measurements. This algorithm is further developed in [13] for
double line outages detection.
To avoid the negative impact of current transformers in
distance protection, Firouzjah et al in [14]proposed a method
to identify the fault location in two or three-terminal
transmission lines using voltage measurements.
To locate the single to ground faults, Esmaeilian et al in [15]
introduced an algorithm that utilizes PMU data in three
terminal transmission lines.
Because provided data by electric utility is not reflect the
environmental effect, Al-Mohammed in [16] [17]propose a
method that uses only PMU data to increase the fault location
accuracy.

complex measurements at the same time holding the high
accuracy.
Where the problem is PMU placement, authors in [23]
proposed a systematic optimal multistage PMU placement
method for enhancing hybrid state estimation.
Authors in [24] studied an SE algorithm to deal with the
non-Gaussian noise and skewness. To establish the suitable
length and weights of measurements, Mahalanbis distances
approach was integrated into a statistical hypothesis test.
Generalized
maximum-likelihood
(SHGM)-estimator
utilized the weights to filter out non-Gaussian noise.
This paper [27] studies features affecting state estimation
precision. These features are uncertainties in measurement,
number measurements. This study also introduces pseudo
power measurements.
Authors in [28] proposed a hybrid state estimation (HSE)
to integrate PMU data into established weighted least square
state estimators. PMU data are translated into the SCADA
data when we only have PMU measurement and it utilized
the date in Weighted Least Square-based state estimator. The
algorithm of proposed method is demonstrated in Fig. 1.
Proposed optimization function is also described in (1).

III. HYBRID STATE ESTIMATION
State Estimation (SE) is considered as a vital means for the
safe and cost-effective operation of power systems [18] [22].
Traditionally, SE has only utilized SCADA data to observe
and document the events in the system. After arrival and
advancement of measurement units, engineers and research
scholars started to take advantage of its unit features and use
it for state estimation algorithms to increase the
implementation and precision. Comparing to that come from
SCADA, PMUs deliver more harmonized and precise
measurements at a higher rate.
However, there are two major issues to integrate PMU
data in SE algorithms which are: 1) both SCADA and PMU
measurements are recorded at different rate [19], and 2) PMU
measurements and tradition SE algorithms are not compatible
[19]. In addition, State estimation with only SCADA has low
sampling rate (one sample for every 5 seconds) which
decrease the visibility of the systems and it also reduces the
response rates to any change. State estimation only PMU data
has observability issues. The system is not fully observable
due to limited number of installed PMUs at buses. The
advantage of hybrid state estimation is that it updates the
states with PMU and SCADA data which results in increase
observability of the system. Generally, the past research that
proposed using PMU and SCADA for state estimation can be
categorized into the ones that only use PMU data and the
ones that use both data also known as Hybrid State
Estimation (HSE).
Authors in [20] studied an algorithm which used
predictor–corrector IP (PCIP) approach for state estimation.
This algorithm has many type of Flexible alternating current
transmission systems (FACTS) devices in different formats.
To simplify the weighted least squares (WLS) SE method,
authors of [21] uses the complex Taylor series expansion. It is
important to mention that this method is built on Wirtinger
calculus. It is not a difficult task to apply the WLS state
estimator in complex variables. However, the real
Gauss-Newton methods is capable of effortlessly using
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Fig. 1.Algorithm of proposed method in [27].

(1)

Regarding this method and its optimization function, it is
important to note:
1- Used White Gaussian Noise
2- State vector contains only |V|, δ
3-The setback is an uncertain number of equations when
just PMU measurements are available due to insufficient
number of PMUs. This could be addressed through
regularization which is basically using the distributed
Compressive Sensing [42].
To advance the a more traditional averaging window
algorithm for state estimation, authors of [29] proposed a
method which relies on signal to establish the length of
window. In other words, the quantity of measurements that
are
used to approximate the underlying average of
PMU measurements,
which
are
noisy, is calculated using a method that is depended on
signal. It uses the Shewhart method for detecting the changes
for
used
to observing the
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changes and identify the measurements that are buffered
[30]. Authors in [29] studied a restricted formulation of HSE
integrating pseudo-measurements obtained by the originatin
g PMU bus branches.
Authors in [31] proposed to use an optimization algorithm
which relies on particle swarm that are hybrid for state
estimation(SE).
Using convergence, observability and performance as
metrics, PMU placement problem is studied in [32] for
enhancing hybrid state estimation.
A direct hybrid constrained state estimator (HCSE) is
proposed in [33]. In order to avoid uncertainties, this authors
used the untransformed data that comes from PMU.
To enhance calculation performance of hybrid state
estimators, a decentralization method that utilizes sensitivity
matrix that relates measurement errors to state estimates is
proposed in [34]. The algorithm of proposed method is
illustrated in figure 2.

Fig. 4.Algorithm of proposed method in [40].
In [41], combined a PMU placement method and another
PMU observability method to find the best place for PMU
placement.
To continuously regulate the weight of measurements with
respect to the distance of disturbances, a PMU-based state
estimation method (adaptive weight assignment function) is
proposed in [43].
IV. RESUTLS ANALYSIS
This section we analyze the aforementioned studies.
While studying the proposed algorithm in [34], it is important
to consider following points:
1- WLS is computationally effective algorithm.
However, it is very venerable to bad data and it can
significantly affect its performance.
2- Least absolute value (LAV) is a computationally
expensive method when SCADA and PMU exist at
the same time and it has to calculate for both data
set.
3- This algorithm utilizes minimum required set of old
SCADA to maintain observability [35] [36].

Fig. 2.Algorithm of method disscussed in [34].
The authors in [38] studied a PMU-based HSE that uses
the correlation between time and space to deliver refusal of
bad data and advance the security and precision. Steps taken
to implement this algorithm is illustrated in figure 3. It is also
important to note that authors suggested to use buffering
method to overcome the issue with difference in the rates
between SCADA data and PMU data. This permit utilizing
phasor measurement in the proposed hybrid estimator
algorithm.

It is crucial to point a few comments with respect to the
proposed algorithm in [40]:
1- It makes the assumption that at every substation
there is at least one PMU installed which is not
happening at least in near future
2- Rotor speed and angle is calculated using PMU data
for oscillations.
3- The generator mode that is used in this study is
classical model which is mainly approved by
researchers and its performance is relatively
acceptable [37]-[39].
Beside all the aforementioned methods for state estimation
and fault detection, several imminent gaps exist that needs to
be studied such as:
 The relation between length of data and speed of fault
detection, as PMU sampling rate increases the fault detection
can be done faster.

Fig. 3.Algorithm of proposed method in [38].
To estimate Jacobian matrix, authors in [40] offered a hybrid
method that uses both PMU and SCADA data. This
algorithm is model based. This method is shown in details in
figure 4.
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 Based on many studies, it has been suggested that hybrid
state estimation is more accurate than conventional
algorithms because of high sampling rate in PMU data.
Someone should answer this question that can we find a
method that utilizes only PMU data and has the same
accuracy as if using hybrid method.
 Using estimation of PMU data at the locations that
PMUs are not installed instead of using SCADA data.
V. CONCLUSION
This study mainly discussed PMU application in power
systems for fault detection and HSE. Basically, it investigates
two application of PMU data. First it evaluates the
application of this data for fault detection. As it is discussed
throughout this paper, it is crucial to detect the faults at their
early stage so remedial reaction can be taken to reduce the
potential damage. Second, this paper investigates the
incorporation of the PMU data into state estimation
algorithms to achieve more stable and accurate estimation
algorithm. As it has shown, incorporating the PMU data will
increase the observability of the system. However, there is a
need for a comprehensive algorithm to monitor the system
and detect the faults. Although PMU data has improved many
algorithms such as state estimations, it has not been used to
its potential.
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