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Abstract-The extensive usage of non-linear loads and elec­
tronic devices has resulted in increased vulnerability to the
power quality (PQ) disturbances in the power system. Hence,
the analysis of PQ disturbances becomes crucial to maintain the
reliability of the distributed generation (DG). This paper presents
the analysis of various disturbances like voltage swell, voltage
sag, notch, flicker, spike, harmonics, momentary interruption and
oscillatory transients by using a signal processing technique i.e.
modified Stockwell transform (MST). The technique is employed
to provide sufficient time-frequency characteristics and retain
the phase information of input to detect the different PQ distur­
bances. Moreover, the localization of gaussian window is exploited
by providing different scaling parameters which correspond to
the linear phase of frequency and provides better resolution. The
voltage signal is utilized for the detection of the disturbances at
a point of common coupling. The time-frequency features are
re-transformed into the time space (original signal) by using
the inverse modified S-transform to visualize the different PQ
disturbances in real-time. In this study, the methodology is
implemented on commercially available ARM (Advanced RISe
Machine) processor due to its features such low cost and low
power consumption for real-time power quality analysis.
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1. INTRODUCTION

I N the last few decades, quality of power usage in modem
day power systems has evolved as a great challenge for

electric utilities and consumers. The widespread employment
of power electronic equipment and non-linear loads have in­
creased the demand of power and provided sufficient solutions
to various issues; but have emerged as a serious threat in
terms of power quality (PQ). These disturbances are a measure
of deviation of frequency and amplitude of load bus current
and voltage from the specified sinusoidal signal [1]-[5]. The
cause of disturbance in power quality is normally caused by
power line disturbances such as voltage sags/swells with or
without harmonics, momentary interruption, harmonic distor­
tion, flicker, notch, spike and transients. These disturbances
cause instabilities, malfunctioning, short-lifespan and failure
of electrical and electronic devices. Due to the expansion and
increase in number of power grids because of different sources
of electricity generation, it is necessary to limit the harmful
effects caused by them, which is only possible by accurate
and timely detection of power quality disturbances [1]-[7].

However, the challenge of power quality disturbances has
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been thoroughly studied using different signal processing tech­
niques by various researchers. The use of various signal tech­
niques have led the possibility of measurement and monitoring
of PQ disturbances with ease. Among these various techniques,
short-time fourier transform (STFr) [8]-[12] is one of the
basic tool to analyze the PQ disturbances which is an extended
version of fourier transform without a window. But STFr
suffers from a drawback that it uses a fixed size of window for
all the frequencies i.e it is limited to stationary signals only.
Wavelet Transform (WT) overcome the drawback of STFr by
using longer windows at low frequencies and shorter windows
at higher frequencies. Rather, the characteristics of the non­
stationary signals can be monitored by its use. These features
can be utilized for automated detection of PQ disturbances
[13]. However, the choice of sampling frequency and mother
wavelet is a major factor in extraction of the wavelet fea­
tures failing which leads to misleading interpretation of the
input data [8]-[14]. The issue with WT, is overcome by a
transform i.e stockwell transform (ST). The ST provides the
local phase information and frequency dependent resolution
of time-frequency space. The utilization of ST features can
provide a significant improvement in the detection of PQ
disturbances. However, the ST also suffers from a drawback,
that it provides a redundant representation of time-frequency
space and involves huge computational complexity [15]. To
the knowledge of authors, no hardware realization of modified
S-transform is reported. Hence, the authors have presented
the hardware realization of modified-ST for the analysis of
different PQ disturbances in real-time.

Although, the generalized s-transform suffers from a draw­
back that it provides poor energy concentration in the time­
frequency domain. Its time resolution at lower frequency
and frequency resolution at higher frequency yields degraded
performance. This study utilizes the property of stockwell
transform (ST) and exploits the localization of the gaussian
window for the analysis of various power quality disturbances.
Moreover, the proposed methodology is implemented on the
commercially available low-cost ARM9 processor to study
different PQ disturbances. The real-time input signals are
generated in the arbitrary function generator (AFG 3252)
which is provided as input to the ARM microcontroller for
extracting the time-frequency (i.e modified ST) features. Again
for the study, the original input signal is recovered by using
the inverse of the modified S-transform. The various kinds of
PQ disturbances is monitored on digital storage oscilloscope
(DSO) by interfacing a external digital-to-analog converter
(DAC) to the ARM9 microcontroller in the laboratory setup.
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