International Journal of Computer Applications (0975 — 8878)
Recent Advances in Information Technology, 2014

An application of the Daubechies Orthogonal Wavelets
iIn Power system Engineering

S. C. Shiralashetti
P. G. Department of Studies in Mathematics
Karnatak University, Dharwad-580003

ABSTRACT

Modern spectral and harmonic analysis is based on Fourier
transforms. However, these techniques are less efficient in
tracking the signal dynamics for transient disturbances in
power system engineering. Consequently, the wavelet
transform has been introduced as an adaptable technique for
non-stationary signal analysis. Although the application of
wavelets in the area of power system engineering is still
relatively new, it is evolving very rapidly. In this paper
Daubechies Orthogonal Wavelets based method for detection
of faults in an ungrounded integrated power system
Engineering (IPSE) of Navy ships is proposed. However the
“Virtual ground” exists between the modules of IPS and ship
hull, because of insulation capacitance of the cable and the
EMI filters between the modules of the IPS. The fault current
is very low for a single line to ground fault in this ungrounded
system allowing continuous operation but also making fault
detection difficult. The proposed method uses Daubechies
Orthogonal Wavelets for detection of ground fault in
ungrounded power system. The ground fault conditions are
simulated using MATLAB-SIMULINK and fault detection
implemented with Daubechies Orthogonal Wavelets. It is
shown that transient ground faults can be detected by wavelet
analysis of the line to line voltages when ship load is balanced
and unbalanced. Verification of the proposed method has been
done by simulating fault between a line and ship hull and
analyzing the results.
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1. INTRODUCTION

The integrated power system (IPS) of Navy ship board is
ungrounded to allow operation during faults, yet cable
capacitance and filters provide stray paths to the ship’s hull,
resulting in very low current for a single line to ground fault
in an ungrounded system. Under such circumstances, line to
line and phase voltage amplitudes are unchanged. This
ensures a high continuity of service which is the Navy’s
motivation for installing ungrounded systems in ships. These
systems are however subjected to high transient over voltages
to ground and consequently are a potential hazard to
equipment and operating personnel. These faults also cause
insulation stress leading to insulation failure and more severe
faults [1-2].

Fault detection in Power system is the issue of increasing
concern both to the utilities and their customers. For detecting
fault, data is often available in the form of a sampled time
function that is represented by a time series of amplitudes.
When dealing with such data, the Discrete Fourier Transform
(DFT) based approach is most often wused. The
implementation of the DFT by various algorithms has been
constructed as the basis of modern spectral and harmonic
analysis. The DFT vyields frequency coefficients of a signal,

which represents the projection of orthogonal Sine and Cosine
basic functions. Such transforms have been successfully
applied to stationary signals where the frequencies of the
signals do not vary with time. However, for non-stationary
signals, any abrupt change may spread all over the frequency
axis. Under this situation, the Fourier techniques are less
efficient in tracking the signal dynamics, therefore, an
analysis adaptable to non- stationary signals is required
instead of Fourier based methods. Consequently, the Short
Time Fourier Transform (STFT) uses a (time-frequency)
window to localize - in time - sharp transitions for non-
stationary signals. The STFT uses a fixed time frequency
window, which is inadequate for the practical power system
faults encountering change in frequencies.

The Wavelet Transform (WT) technique, recently
proposed in literature as a new tool for monitoring power
quality problems [3-7], has received considerable interests in
field of power system signal processing [8-9]. The WT is well
suited to wide band signals that may not be periodic and may
contain both sinusoidal and non sinusoidal components. This
is due to the ability of wavelets to focus on short time
intervals for high frequency components and long time
intervals for low frequency components.

In this paper the output line voltages at load

terminals are used as the medium for fault detection. A line to
ground fault is defined as a single connection between a phase
and the ship’s hull. MATLAB-SIMULINK is used to generate
the line to line voltage data for the various faulted conditions.
A Wavelet analysis using Daubechies Wavelets is then
applied to line voltages. The coefficients of the detailed scales
are examined to determine the line on which ground fault has
occurred in balanced load or unbalanced load conditions.
This paper is organized as follows. Section-2 presents
Wavelet transform and Multi-resolution analysis. Section-3
concerns with the proposed Wavelet based fault detection
method for balanced and unbalanced ungrounded power
system. Section-4 deals with MATLAB-SIMULINK model
used for generation of line to line voltage data for fault
conditions in Naval typical integrated power system and
implementation of the developed algorithm to demonstrate the
efficiency and effectiveness of the proposed method.
Numerical findings are presented in the form of graphs and
tables.

2. WAVELET TRANSFORM AND
MULTI RESOLUTION ANALYSIS

The wavelet transform is a recently developed mathematical
tool that provides a decomposition of data or signal, into
different frequency components, and makes it possible to
study each component with a resolution matched to its scale
[10]. It is often used in the analysis of transient signals
because of its ability to extract both time and frequency
information  simultaneously, from such signals. The
comparison of the WT with the Fourier transforms (FT) and
why it is preferred to the FT has been documented in [11].



Multi-Resolution Analysis (MRA) is an alternative approach
used to analyze signals to overcome the time and frequency
resolution problems, since these problems persist regardless of
the transform employed. MRA analyses the signal at different
frequencies with different resolutions. It does not resolve
every spectral component of the signal equally. It is designed
to produce good time resolution and poor frequency resolution
at high frequencies and vice versa. The rationale behind this is
that the signals that are encountered in practical applications
have high frequency components for short durations and low
frequency components for long durations.

In Discrete wavelet transform (DWT), a time scale
representation of a digital signal is obtained using digital
filtering techniques [12]. DWT uses filters of different cut-off
frequencies to analyze the signal at different scales. The signal
is passed through a series of high pass filters to analyze the
high frequencies, and it is equally passed through a series of
low pass filters to examine the low frequencies. Filtering a
signal is synonymous with the mathematical operation of
convolution of the signal with the impulse response of the
filter [13] as presented in equation (2.1).

x[n] = h[n] = X _o, x[n] - h[n — k] 2.1)
Where x[n] is a discrete time function, n is number of signal
samples and h[n] is the low pass filter impulse response. The
most important part of many signals is the low frequency
content; it gives the signal its identity. The high frequency
content, on the other hand, only impacts flavor. This is what
brings into wavelet analysis, approximations and details.

Approximations are the high-scale, low frequency
components of the signal, while details are the low-scale, high
frequency components. Approximations (also known as the
scaling coefficients) are computed by taking the inner
products of the function x (t), the signal, with the scaling
basis¢;  (t), achieved with equation (2.2). Details (also
known as the wavelet coefficients) are computed
mathematically by taking the inner products of the function x
(t) with the wavelet basis 1;  (t) , as in equation (2.3).

aje = (x(£), 0 (O) = [7 x(1) ;D) (2:2)
i = (O, Y = [ x(®) Y (2.3)

As mentioned earlier, DWT analyzes the signals at different
frequency bands with different resolutions by decomposing
the signal into coarse approximation and detail information.
DWT uses scaling functions and wavelet functions in
achieving this. These two sets of functions are associated with
low pass and high pass filters, respectively. The original
signal x[n] is first passed through a half band high pass filter
g[n] and a low pass filter h[n]. As said previously, after
filtering, half of the samples would be eliminated. The signal
can therefore be sub sampled by two. This constitutes one
level of decomposition and can be expressed, mathematically
as follows:
a;[n]=X x[n] - h[2n — k] (24)
ciln]=Z x[n] - g[2n — k] 25)
Where c; is the output from the high-pass filter called detail
coefficient and a; is the output from the low-pass filter called
approximation coefficient.

Where, i =1, 2... I is resolution level found to be 1=

% , N is number of samples in signal to be analyzed and K

is the length of the filter vector, after down sampling by two
[14]. The signal decomposition process can be done
iteratively with successive approximations being decomposed
in turn, so that one signal is broken down into many to get
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required resolution components. Figure 2.1 [15] illustrates a
multiple level decomposition procedure for a signal x[n].
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Fig. 2.1 A three level multiresolution decomposition.
In this paper we have used Daubechies wavelets (DB,) with
following four low pass and high-pass filter coefficients.
Low pass filter coefficients:
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High pass filter coefficients:

Jo=hs, g1=-hy, g2=hy, gs=-hg

The a; and c; are calculated by taking Forward Wavelet
Transform of the signal,

Forward transform using DB,:
D= W,X

For a signal of eight sample length:
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The use of DB, “accurate”, since change in the input data set
is reflected in the high pass filter results at each transform
step. The cost of using the Daubechies algorithm is higher
computation overhead (twice the number of operations,



compared to Haar) and a more complicated algorithm (the
algorithm must properly handle the edge condition where i =
0). The higher accuracy of the Daubechies algorithm is worth
and the cost is application dependent [16-20].

2.1. Wavelet based fault detection method

for ungrounded power system

The proposed wavelet prototype function, the analyzing
wavelet or the mother wavelet temporal analysis is performed
by shifting a contracted high frequency versions of the mother
wavelet, while frequency analysis is performed with dilated,
low frequency versions of the same wavelet. Any signal can
be represented in terms of a wavelet expansion or series
(similar to Fourier series) using coefficients in a linear
combination of the wavelet function at different scales. The
selection of the mother wavelet depends on the signal under
analysis. Different mother wavelets exist with various
characteristics.

In the following proposed method DB, is considered. The line
voltages Vg, Vgc & Vi, at load terminals in figure 3.1(f) are
represented as signal X of order n x 1.

Applying wavelet transform to X we get decomposition
matrix of order nx1, i.e.

1 level

. _ s
decomposition— Dy = [Wy]nx(n+2)[X]n+2)x1 = [C_i]nxl

2" level

-, _ A
decomposition=> Dz = [Wal g +2)[Clg +2pa = [cz]§X1

" level

T A
decomposition— D; = [Wy]2x4[Ci-1)lax1 = [C—']

142x1

Where, i=1, 2. .. |, Aiis an approximation coefficient matrix

and C; is a detailed coefficient matrix.

The approximates and detailed coefficients of the line
voltages Vag, Ve & Vega are denoted by
Aup, Apc,Aca & Cap, Ce, Cca respectively. For fault detection
& classification we consider only detailed coefficients.

Let, Cig =XlCapl, Coc = XlCeland  Ciy = XCycl. If
Cug, Cpc and C(, are zeros then there is no fault on a
balanced or unbalanced system. If any one of Cjp, Cic
and C¢, is zero then fault is on a system with balanced load.
If Chp, Csc and Ci, are non zeros then fault will have
occurred on a system with unbalanced load. Truth table for
detecting whether load is balanced or not is given in Table
3.1

To identify faulty line we find minimum of
Cap, Cpc and Ci, . Faulty line will be a line that is not in
minimum. Fault detection truth table for a balanced load and
unbalanced load condition is given in Table 3.2.

3. IMPLEMENTATION

3.1. Integrated Power System (IPS) Matlab

simulink model
The typical Integrated Power System [1, 21-22], consists of an
ungrounded  3-phase  generator, ungrounded 3-phase
transformer, 3-phase rectifier, buck converter, 3-phase
inverter and ungrounded load as shown in figure 3.1(a).
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Fig. 3.1(a). A integrated power system. (b) Generator,
transformer and line to ship hull capacitance with internal
resistance. (c). Bridge rectifier, LC-filter and line to ship
hull capacitance. (d). One quadrant chopper and line to
ship hull capacitance. (e). PWM inverter, LC- filters and
line impedance. (f). Line to ship hull capacitance and ship
load resistances, Ra, Rg and Rc.

In this paper typical integrated power system of navy ships is
modeled in MATLAB SIMULINK whose details are as
shown in figures 3.1(b-f).

Testing

For testing the proposed method, in the above model fault is
created between line and ship hull at load terminals as shown
in figure 3.1(f). The line voltages, V5, V- and V., at load
terminals are used to detect the faults.

Example 1. Balanced load

For balanced load, Ra, Rg and R¢ are set equal to 0.48Q in
load model of figure 3.1(f) . System without fault is
considered in case — | and system with fault between line-A
and ship hull at 0.2101 s with a duration of 0.1 ms, near load
terminals is considered in case — 1.

Case |. Without fault

Here our aim is to detect the absence of fault by proposed
method for ungrounded power system with balanced load. In
this method line voltages Vg, Ve and V¢, at load terminals
shown in figure 3.2.1(a) are used for the purpose.
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Fig.3.2.1( a) Line voltages with no fault and balanced load.
(b) Wavelet decomposition of line AB voltage (Vag). (C)
Wavelet decomposition of line BC voltage (Vgc). (d) Wavelet
decomposition of line CA voltage (Vca)-

The order of signal x[n] (Vag, Vac and Vc,) is 4096x1 and
Daubachies wavelet coefficient matrix of order 4098x4096
are used to get the detailed coefficients, Cpg, Cgc and Ccp of
Vg, Vee and Vca respectively ,at fourth level of resolution
shown as in figure 4.2.1(b-d).

By observation of figure 3.2.1(b-d) all the coefficients are
zeros. Also by calculation, C,5 =0, Cz- =0 and C, =0,
therefore the fault does not exist between any of the lines and
ship hull.

Case I1. With fault

The line voltages Vg, Vec and Vc,, at load terminals
with fault are shown in figure 3.2.2(a). Comparing these
voltages with voltages in figure 3.2.1(a), it is difficult to
detect the presence of fault. Applying the wavelet transform
for the signal in figure 3.2.2(a), we get Cag Cgc and Cca as
shown in figure 3.2.2(b-d). By calculation ,C,p =
19.58, Cyc = 0.00 and C;, = 19.57. Since, Cy¢ is
minimum the fault exists between line A and ship hull.
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Fig. 3.2.2(a) Line voltages with fault between line A and ship
hull when load is balanced. (b) Wavelet decomposition of Vg.
(c) Wavelet decomposition of Vgc. (d) Wavelet decomposition
of Vea.

Example 2. Unbalanced load
To make the system unbalanced, ship load resistances are set
as, Ry= 0.48Q, Rg = 0.6Q and Rc = 0.7 Q in the simulation
model. For testing the proposed method, system without fault
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is considered in case 1l and a fault is created between line-A
and ship hull at 0.2101 s with a duration of 0.1 ms, near load
terminals in case -1V .

Case I11. Without fault

The line voltages Vag, Vec and Vea, at load terminals, shown
in figure 3.2.3(a) are used to detect the absence of fault. The
Cag, Cgc and Cc, for this case are shown in figure 3.2.3(b-d).
It is observed that all the coefficients are zeros. By calculation
it is found that C4z = 0, Cgc = 0 and C/4 =0. Therefore, in
this case fault does not exist between any of the lines and ship
hull.
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Fig. 3.2.3(a) Line voltages without fault and unbalanced load.
(b) Wavelet decomposition of Vag. (C) Wavelet
decomposition of Vgc. (d) Wavelet decomposition of V.

Case IV. With fault

The line voltages Vg, Vec and Vc,, at load terminals
with fault are shown in figure 3.2.4(a). Comparing figure
3.2.4(a) with  figure 3.2.3(a), it is difficult to detect the
presence of
fault. By application of wavelet transform to signal in figure
3.2.4(a), we get Cpg, Cpc and Ccp as shown in figure 3.2.4(b-
d). By calculation, Cjgz =17.36, Cpc = 0.7648 and C(, =
18.0921 are non zeros which indicate integrated power
system is unbalanced. Also, Cg. is minimum therefore fault
exists between line A and ship hull. The truth tables
formulated based on above analysis is given in Table 3.1 and
3.2
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Fig. 3.2.4(a) Line voltages with fault between line A and ship
hull when load is unbalanced. (b) Wavelet decomposition of
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fault location is presented and applied to the identification of
single line to ground fault scenarios.

Appendix
System parameters
Generator: 4160V, 25MVA, 60Hz
Transformer:
4160/430V,25MVA,R2(PU)=0.001,R2(PU)=0.01,Rm(PU)=2
00,Xm(PU)=200.
Chopper: Switching frequency of 4 KHz, duty cycle of 80%.
Inverter: Sinusoidal PWM with a M.1. of 0.9 and switching
frequency of 4 KHz.
LC-filter: 50mH, 1000pF.
Acknowledgments: The authors wish to thank The
University Grants Commission, New Delhi, Govt. of India for
the grant of the Project No. F. 38-102/2009(SR) under which
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