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Abstract:
The estimation of sequence or symmetrical components and frequency in three-phase unbalanced power system is of
great importance for protection and relay. This paper proposes a new H  filter based on sparse model to track the
sequence components and the frequency of three-phase unbalanced power systems. The inclusion of sparsity
improves the error convergence behavior of estimation model and hence short-duration non-stationary PQ events can
easily be tracked in the time domain. The proposed model is developed using l  norm penalty in the cost function of H
 filter, which is quite suitable for estimation across all the three phases of an unbalanced system. This model uses real

state space modeling across three phases to estimate amplitude and phase parameters of sequence components.
However, frequency estimation uses complex state space modeling and Clarke transformation generates a complex
measurement signal from the unbalanced three-phase voltages. The state vector used for frequency estimation
consists of two state variables. The proposed sparse model is tested using distorted three-phase signals from IEEE-
1159-PQE database and the data generated from experimental laboratory setup. The analysis of absolute and mean
square error is presented to validate the performance of the proposed model.
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SECTION I.
Introduction

The steady-state operation condition of the three-phase balanced power system is disrupted due to
several reasons such as single-phase loading, unbalanced impedance of transmission lines and
transformers, incomplete transposition of lines, lightning, line breaks, etc. Unbalance is considered
as one of the PQ issues which can be measured through sequence components [1]. Due to the
unbalanced situation of voltage across the phases, the system performance degrades and shortens
the life of the equipment used in industry. Similarly, any deviation of system frequency from the
normal value is a clear indicator of unbalanced condition between load and generation, which may
lead to the grid failure by inadequate load shedding.

Therefore, the detection and subsequent mitigation of faults by designing protective equipment are
crucial for a healthy power grid. To protect the grid, sequence components across all the phases and
system frequency have to be estimated correctly. The amplitude and phase information of all the
three phases in an unbalanced system can be extracted by analyzing the sequence components in
terms of zero, positive, and negative sequence components. Adaptive filters are efficient to estimate
the sequence components and frequency by modeling the three-phase voltage and current equations
in a parametric form.

Several techniques have been proposed to estimate the symmetrical components and frequency
from three-phase voltage and current signals. Discrete Fourier transform (DFT) is a popular
nonparametric method used for frequency estimation, but this method suffers from inaccuracies
due to the presence of system noise, inter- and intra-harmonics and spectral leakage [2], [3].
However, the errors due to the effect of spectral leakage and picket-fence are mitigated by
modulated sliding discrete Fourier transform (msDFT) which is proposed for the measurement of
harmonic and sequence components [4]. Reference [5] proposes an adaptive method using DFT
and online algorithm, which is based on converting signal into phasor for symmetrical component
estimation. Reference [6] also proposes a DFT-based technique for frequency estimation, which
has good resistance to harmonICS.

Artificial intelligence and soft computing techniques such as neural network, fuzzy logic, and
genetic algorithm are quite popular for tracking PQ disturbances [7], [8]. These methods can track
the signal parameters accurately with longer tracking time and slower convergence. Adaptive linear
combiner structure is a single-layer model frequently used for harmonic and frequency estimation
for single-phase power system [9]. However, the model based on multi-output can be used to track
the symmetrical components of a three-phase system. Least mean square (LMS) is used for the
update of weight vector, which requires a proper choice of step size and the overall convergence rate
is quite slow [10].

Compared to Kalman filter, extended Kalman filter (EKF) is an effective approach to estimate
nonstationary PQ disturbances with increased noise level. Although EKF shows good estimation
performance, it does not have stable convergence in the case of abrupt frequency change.
Reference [11] proposes unscented Kalman filter (UKF) which is a derivative-free filter for the
estimation of frequency in balanced and unbalanced power systems with the reduced complexity of
computation [11]. However, the estimation accuracy of UKF is affected by the factors such as the
divergence of estimation error due to some poorly-chosen initial conditions and the nature of
noise. To overcome the above limitations,  filter is proposed, which is a robust form of Kalman
filter to estimate the parameters of the sinusoid corrupted by white Gaussian noise [12], [13].
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