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Abstract- In this paper, local mean decomposition (LMD) technique is applied to detect distribution line faults. A 25 KV
distribution system connected with 9 MW of wind farm is used to test the performance of the LMD fault detection scheme. To
achieve the fault detection task, 3-phase instantaneous current signals are processed through LMD and corresponding product
functions, instantancous amplitudes (IA’s) of the product functions along with the frequency modulation information is
extracted. Further, 1A of dominated product function is used to detect the abnormalities in the input signal by using a pre-
defined threshold value. The performance of the proposed scheme is tested on different faults by varying the fault parameters
like location, inception and fault resistance. Simulation studies are extended to test the efficacy of the protection algorithm
during non-fault events, typical remote end, and high-resistive faults. The proposed scheme is able to classify the faults along

with detection is an additional advantage in this work.

Keywords: Fault detection; Wind farm; Local mean decomposition.

1. Introduction

When bounded number of renewable units (wind or
solar) generating 1-10 MW of power transmits to grid
through distribution system detection of fault will be a
strenuous task. Generation of power by renewable in power
systems is increased these days due to rise in power demand
and reduction of the coal availability [1]-[2]. Consequently,
to intensify the power system performance and security at the
time of disturbances and faults, improved protection schemes
are required [3]. In presence of renewable, the protection
scheme adopted should be able to find all types of faults in
both islanding mode and grid connected. Distribution
networks incorporated with distribution generation will have
dynamic performance including magnitude and direction
changes of both current and voltage bring out notable
problem in the fault detection process [4]. Thus, to improve
the detection process, different techniques were proposed to

mitigate these issues. In distribution system with distributed
generation (DG), classical magnitude and phase comparison
techniques are handy in the literature of the protection
schemes [5]-[7].

Few examples for regular algorithms in distribution
systems/ microgrid protection are current phase angle
comparison scheme [5], impedance angle-based approach [6]
and energy-based scheme [7]. Signal processing techniques
are mostly applied in the fault detection algorithms, to
improve the protection aspects. A comprehensive analysis of
the application of the different signal processing were
applied to detect islanding condition of the DG connected to
a distribution network to transmit the power to grid in [8]. In
[9], fault detection in a DG penetrated electrical power
system, wavelet transform is applied. To differentiate and to
locate faults from islanding events, the characteristics of
either direct measuring quantities or outputs of various
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monotonic components of the signal processing are applied
for machine learning models like support vector machine
[10]. To protect the microgrid in presence of wind speed
frequency, in [11], extreme learning machine is adopted.
Aside these smart tools, statistical approaches are applied on
characteristics obtained using signal processing techniques.
Hilbert-Huang transform-based differential algorithm is
presented to protect the microgrid, in [12]. For detecting
normal faults due to their notable change in signal
parameters most of these methods are effective. In [13], in
distribution system, empirical wavelet transform is employed
to detect high impedance faults (HIFs). To detect the HIFs in
an inverter interfaced distribution system a new time-
frequency transform is used in [14]. In [15], to detect faults
with high impedance with Teager-Kaiser energy operator,
variational mode decomposition (VMD) technique is applied.
In power systems to detect faults, Mathematical morphology
(MM) is one more influential technique. For adaptive over
current protection in [16] MM fault detector is used in
distribution network in presence of photovoltaic (PV)
generation. In different interpretation of the distribution
system protection, related works are available in literature.
The importance of improving the input characteristics in both
quantity and quality, application of signal processing tools
strengthened the protection aspects. Smart meters are
employed for HIF detection in [17]. In [18], in distribution
network, power spectral density (PSD) is used for HIF
detection. This PSD scheme is elongated for fault
classification also in the work presented in [18]. These signal
processing methods are also inspected in DC microgrids
including PV and wind. Optimized VMD is applied to detect
faults in DC microgrid, in [19]. These techniques are also
beneficial to categorize the power quality events of wind
integrated system [20]. Overall, renewable integral systems
challenges and solutions are provided in [12]-[30] with the
help of intelligent tools, signal processing methods and
optimization approaches.

In this paper, local mean decomposition (LMD)
technique is employed to detect the faults in wind farm
integrated power system. The 3-phase currents are measured
at the bus are processed through LMD technique to extract
the required features to make the decisions during the
operation. The LMD technique break up the signal into a
linear combination of the product functions comprising of
both amplitude and frequency modulation information. From
the obtained product functions dominant component is used
to detect the faults in the distribution system. To detect the
faults, instantaneous amplitude of the dominant product
function is taken and compared with the pre-defined
threshold. Faulty phase categorization is also spotted using
the IA’s. By varying resistance, location and inception values
of the faults, the functionality of the proposed scheme is
tested for different faults. Remote end faults and transients
are examined to confirm the merits of the method.
Furthermore, the particulars of the proposed method are
presented in section 2. Test system particulars in section 3.
Simulation results and comparisons are presented in section
4 & 5 respectively. And ultimately in section 6 conclusions
are listed.

2. LMD-based Fault Detection

LMD is a motile signal processing method used to break
a signal comprising of multiple components into a set of
product functions (PFs). Additionally, each PF consist of
amplitude and frequency information. Suitable components
are extracted and used for analysis based on application.
Amplitude information of first PF is used for combined fault
detection and classification task in this method.

2.1. Overview of LMD

Let x(t} is the time domain signal decomposed by LMD
technique into finite number of linearly combined PF’s and
residual component [24]. The generalized expression of
LMD is given by

x(t) = EL, PE(£) + 5, (t) )

In Equation (1), w(t) is the residual component
obtained after removing all PFs from the original signal, and
n is the total number of monotonic functions. Each PF is
picked up with the help of the two successive local extrema
from local means and local envelopes. The spotting of
envelopes and local extremumes, to find product functions are
presented in [24]. By the earlier researchers, LMD method is
mostly employed for mechanical bearing fault analysis [25]-
[26]. In this paper, in the distribution system of the power
network LMD technique is used to detect faults.

2.2. Application of LMD for Fault Detection

At grid connected point, 3-phase instantaneous current
signals are measured, and these currents are processed
through LMD to break up each phase current into number of
PFs for fault detection task in distribution system connected
with DG. For fault detection, from all PF’s first monotonic
function 1A is used. The flow chart of the proposed fault
detection scheme is shown in Fig. 1.
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Fig. 1. Algorithm of proposed fault detection mechanism.

396



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

M. Saritha et al., Vol.14, No.2, June, 2024

It also provided the schematic procedure of the algorithm.
The magnitude of the current varies significantly during
faults, and it is figured by first product function of the LMD.
Therefore, for fault detection task, instantaneous amplitude
modulation of the first product function is opted as
prerequisite attribute. To create trip command as displayed in
flowchart, this amplitude value is compared with the pre-
defined threshold. Further, the faulty phases are figured from
the LMD indices as the signal discrepancy takes place in the
fault involving phase.

3. Test System

To evaluate the functionality of the proposed LMD-
based protection scheme, 9 MW of wind farm is connected to
25 KV distribution system that generates and transmits
electrical power to grid operated at 120 KV. The length of
the distribution line is 30 km. Doubly fed induction generator
(DFIG) used by wind turbines comprising of a wound rotor
induction generator and an AC-DC-AC based pulse width
modulation converter with IGBT’s with a total number of 6
units each of 1.5 MW capacity is used. The test system
operated at 60 Hz is modelled in SIMULINK and signals are
sampled at 1 kHz and algorithm is tested using MATLAB
R2016a software. All other parameters of the test system are

available in [27].
S W
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Wind Farm
Fig. 2. Single line diagram of the test system [27]

4.  Simulation Results

To examine the results of the proposed scheme under
different faults of the distribution system, a test system
shown in Fig. 2 is taken. By varying the resistance of the
fault, location of the fault and inception of the fault all 11-
types of faults are simulated on test system. After that, few
typical cases are examined to test the effectiveness of the
proposed scheme.

4.1. Single Line-ground Faults

With a fault resistance of 1Q at 15 Km from the grid
connected point, a phase A-ground fault is initiated at
inception time of 1.7 sec. Figure 3 shows the combined plots
of the LMD outputs and currents. Fault is detected by the
scheme along with A-phase classification. In Figure 3.a, it is
observed that, due to the inception of A-g fault, the
magnitude of the A-phase current raised at 1.7 sec. The
amplitude of the LMD product functions of the signal also
increased by following the current magnitude as shown in
Fig. 3.b. With a fault resistance of 20Q at 15 Km from the
relay point, a phase B-ground fault is initiated with inception
time of 1.72 sec. Fig. 4 shows the combined plots of the

LMD outputs and currents. It is observed that the magnitude
rise in the currents is low, as the fault resistance is
comparatively higher. Still, such changes are spotted by the
proposed scheme and able to detect the simulated B-g fault in
5m.sec. Faulty phase identification task is also accomplished
by the algorithm along with the fault detection, as shown in
Fig. 4.b. Lastly, a phase C-ground fault with inception time
of 1.56 sec and fault resistance of 10Q and located at 10 Km
from the relay point is simulated and results are plotted in
Fig. 5. The proposed LMD scheme functionality is good in
terms of the detection and fault phase categorization in all
cases. As 85% of faults are single line-to-grounds faults as
per to the earlier research reports and are detected within 4-8
m.sec using the proposed scheme is added advantage.
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Fig. 3. Output of LMD scheme during A-g Fault, a. currents,
b. IA of LMD
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Fig. 4. Output of LMD scheme during B-g Fault, a. currents,
b. IA of LMD.

4.2 Double Line and Double Line-ground Faults

To examine the functionality of the proposed scheme
during multi-phase faults like double line and double line-to-
ground faults, 6 faults are simulated in the test system and
the data is processed though the LMD. The 6 cases are phase
A- phase B (Fig. 6), phase B- phase C (Fig. 7), phase A-
phase C (Fig. 8), phase A- phase B-ground (Fig. 9), phase B-
phase C-ground (Fig. 10) and phase A- phase C-ground (Fig.
11) faults. In Table 1, the fault parameters and outputs of all
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these 6 faults are tabulated. It can be observed from Table 2,
that all the line-to-line, line-to-line-ground faults are detected
by the proposed LMD scheme within 4msec from their
inception time and correct faulty phases are figured by same

algorithm without any add-on decision-making units.
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Fig. 5. Output of LMD scheme during C-g Fault, a. currents,
b. IA of LMD.
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Table 1. Detection times and faulty phase identification

outputs of the LMD approach for different L-g faults.

Table 2: Detection times and faulty phase identification
outputs of the LMD approach for different L-L and L-L-g

faults.
Type of| Fault | Inception Fault Outputs
fault | resistance | time (s) | location Detection | Faulty
) (km) time (msec) | phases
A-B 5 1.65 10 4 A, B
B-C 1 1.68 22 3 B,C
A-C 3 1.60 03 3 A C
A-B-g 1 1.54 27 4 A B
B-C-g 5 1.64 18 4 B,C
A-C-g 3 1.62 8 3 A C
A-B-g 10 1.77 20 4 A B
B-C-g 15 1.43 15 4 B,C
A-C-g 29 1.56 08 4 A C
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Fig. 7. Output of LMD scheme during B-C Fault, a. currents,
b. IA of LMD.
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Type of| Fault | Inception | Fault Outputs
fault [resistance time (s) | location Detection [Faulty phases
Q) (km) time (msec)
A-g 20 1.65 20 4 A
B-g 25 145 10 3 B
C-g 15 1.55 15 4 C
A-g 10 1.62 05 3 A
B-g 15 1.53 08 3 B
C-g 18 142 10 4 C
A-g 05 1.34 10 4 A
B-g 08 1.56 14 4 B
C-g 10 1.72 18 5 C
A-g 08 1.57 15 4 A
B-g 07 1.40 22 5 B
C-g 05 1.50 30 5 C
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Fig. 8. Output of LMD scheme during A-C Fault, a. currents,

b. IA of LMD
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4.3 Symmetrical faults

In Fig. 12 the results of the proposed scheme against 3-
phase faults are simulated and furnished. In this, a three-

phase symmetrical A-B-C-g fault is simulated with inception
time of 1.6 sec, fault location of 13 km, and fault resistance
of 5 Q. It is observed that the proposed method detects
symmetrical faults quickly and also give correct faulty phase
categorization. The detection indices are higher in this case
comparatively due to involvement of the 3-phases in the
short circuit.
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Fig. 12. Output of LMD scheme during A-B-C-g Fault, a.

currents, b. 1A of LMD.

4.4 Faults Nearer to Wind Farm

Fault detection can be done easily when the fault
location is nearer to relay point because of notable changes
of the measured data. Detection becomes difficult when
remote ends faults occur. Thus, to present the merits of the
proposed scheme it is required to evaluate the functionality
of the method for faults located at wind farms. For this, a
phase A-g fault is initiated at 1.6 sec with a fault resistance
of 10Q at 0.9 km from the wind farm (i.e., 29.1 km from the
relay point) is simulated. Fig. 13 shows the instantaneous 3-
phase currents along with the detection and categorization
results of the proposed method. From the initiation of the
fault, this typical fault is detected within 3msec. In case of
these remote end faults the reliability of the conventional
detection methods are not high unlike the proposed method.
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A
=15 B
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Fig. 13. Remote end A-g faults, a. currents, b. 1As of LMD.
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4.5 Performance During Transients

For all types of faults at different inception times,
locations and resistances, the functionality of the proposed
scheme is examined and verified. To evaluate the
dependability of the protection scheme, it is required to
analyse the transients. Thus, on test system, a transient event
is simulated with noise, spikes, and signal amplitude
disturbance. Fig.14 shows both current and IA’s information
of transient event, these disturbed signal data is processed
through the LMD, and IA’s primary product functions are
obtained. It is observed that the rise in index is not exceeding
the thresholds as it is less than non-fault index and trip is not
generated. Thus, the certainty of the algorithm is also
justifiable.
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Fig. 14. Response of the proposed scheme during
disturbances

4.6 Performance During Diverse Fault Parameters

The functionality of the proposed scheme is evaluated
for all types of faults and outputs are presented from Fig. 3 to
Fig. 11, and the efficacy of the scheme against variations of
fault parameters can be observed. The faults are simulated by
varying the inception time, fault location and resistance of
the fault randomly and obtained signals are processed
through the proposed LMD scheme. It can be observed from
the results that all types of faults are detected by the
algorithm irrespective of the inception and location.
However, when large fault resistance is used faults are not
detected. Additionally, three separate cases are incorporated
in this section to examine the proposed approach during
variations in this parameter. In Fig. 15, for a phase A-ground
fault initiated at 1.6 sec with a fault resistance of 10Q, the
effect of variation of the fault location on LMD assisted fault
detector indices are shown. In Fig. 16, for a phase B-ground
fault located at 10 km with a fault resistance of 20Q, the
effect of variation of the fault inception on LMD assisted
fault detector indices are shown. In Fig. 17 the variation of
the fault detection indices with fault resistance is shown. To
evaluate the dependability of the proposed scheme at
different fault resistances, a phase C-ground fault is
considered with fault inception time of 1.5 sec at 5 km
location. The response of the proposed method is reliable in

all three cases irrespective of the location, inception and
resistance of fault. For checking the reliability of the scheme,
the single-line-to-ground fault is considered as its probability
of occurrence is high. Further, from Fig. 15 to Fig. 17, fault
detection indices of the other non-fault phases are shown to
show the extension activity of the proposed scheme to
categorize the faulty phases.
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Fig. 15. Response of the proposed scheme at different fault
locations.
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5. Comparisons

A comparative assessment is provided with sample-to-
sample approach, cycle to cycle approach, mean estimation
approach and WT method to show the merits of the proposed
detection approach. With a high resistive fault condition, Fig.
18 shows the responses of all these four approaches on the
test system. These methods are not able to give sensible
decisions as the index variations are not clearly separated
from pre fault indices, with proper threshold setting. Due to
inclusion of the nonlinear power electronic components and
unstable nature of the wind speed, the input signals of the
detection algorithms comprises of distortions which leads to
notable increase in the detection indices. From fig. 18 these
variations during pre-event period are observed. To show the
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comparisons, the response of simulation case of phase C-
ground fault initiated at 1.5 sec with a fault resistance of 100
Q and located at 5 km from relay end is considered. For the
sample-to-sample approach, cycle to cycle approach, mean
estimation approach and WT methods, it is not possible to
provide reliable decisions during faults and the indices
during fault instant are similar to pre-fault indices. Thus,
during typical fault events these methods failed to operate.
In the Fig. 19, the response of the proposed method is
furnished. Reliable outputs are guaranteed from the proposed
method unlike other methods and the change in the indices
during high resistive faults is clearly differentiated from the
pre-fault condition. The approach is more loyal and assured
for application of absolute sum, cumulative sum etc. To
detect the faults this additional mechanism adjusts all the
indices in positive direction.

: JRAAARANA

: &WWM’WM
F e w w MI«mewwd«:‘%%% o

(d) Sample Number

Fig. 18. Response of the different algorithms during the high
resistive fault.

A

Fig. 19. Response of the proposed scheme during high
resistive fault.

6. Conclusion

Thus, to protect the distribution system connected with

wind farm exporting electrical power to main grid LMD
based new protection scheme is proposed in this paper. The
proposed scheme provides accurate decisions in quick time
during faults. An added advantage of the proposed algorithm
is along with the detection, faulty phases are also identified.
Remote end faults are also detected by the method reliably
along with normal faults. The scheme is more secure and
avoids unnecessary trip commands during non-fault
disturbances.
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