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Abstract

Micro Grid is a contracted distributed AC or DC network. Micro Grid resources are connected to
the distributed linear as well as nonlinear loads through power electronics converter to provide an efficient,
more reliable and quality power to the distributed loads with reduced co, emission. Consequently makes
full use of low cost generation resources and reduce waste. Interconnected Mode in the MG is connected
to main grid either being absorbed by it or injecting some amount of power into the main system. Islanding
Mode in the MG operates separately when upstream volt occurs in main grid network. Usage of power
electronic interface converters, Integration of the renewable-resources based MG system to the main
power system and nonlinear loads results in harmonics generation clutter the system reliability and other
associated quality issues. Most of demanding users of electricity are suffering to a certain poor quality of
electrical power. The excellent time-scaling resolution characteristic of WT used for detection of various
power quality disturbances of integrating and islanding Micro Grid connected Distributed Generation
systems. The WT plays important role in analysis, design and classification of discrete signal processing.
The accuracy and reliability of classification techniques have assessed on signals contaminated with
noise.
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1. Introduction

A title of article recent technological developments committee works towards the Micro
generation domain focus need of reducing emissions in the electricity generation field with the
help of Micro Grid which is a local AC/DC grid used to increase the system efficiency along with
renewable energy resources [1]. Losses in entire power system network is due to distribution
so, Micro Grid as used to improve the quality of power because Power Quality (PQ) is a big
problem, which plays an important role in our modern dynamic power systems network.
However, this integration has introduced Power Quality issues [2] that should be considering
when designing Micro Grid. The quality of the power supplying to the utilities, become a red-hot
issue recently. The users’ demand for pure electricity is rising constantly due to the wide spread
use of sensitive electrical and electronic devices [3]. The interconnection of Micro Grid (MG)
systems to existing power systems persuade power quality, degrade system reliability, and
cause over-voltage and safety issues, this paper mainly focusing on these issues. The
extensively fashionable generation resources are wind, photovoltaic (PV), fuel cell, etc., which
can be operated in isolated or grid-connected mode depending upon the requirements [4]. Due
to some operational issues and uncertainties in characteristics of power generation from wind
and PV systems, these resources need to be integrated along with main energy system to
enhance the quality and reliability of the power supply [5] and [6]. Thus, concentration of solar
and wind varies over the period potentially lead to unpredictable PQ disturbances like voltage
sag, swell, harmonics along with power flow those caused by load adjustments, capacitor
switching, etc. In conventional power systems, PQ disturbance related problems caused by
sudden addition or rejection of large linear and nonlinear load, induction motors, transformers,
etc in the voltage signal. PQ disturbances arising either from the source side or the load side
may lead to various operational issues such as malfunctions, failure of electrical equipment,
instabilities, and so on [7]. PQ disturbances need to be detecting effectively and classified for
effective operation, control, and protection of the MG system from any unwanted operation. On
islanding detection in Micro Grid-connected systems had considered based on frequency
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variation at the PCC [8] and [9]. In addition to various researches, work available for detection
and classification of PQ disturbances FFT, WT, etc were included. Different from FFT, WT have
based on the Multi Resolution Analysis (MRA), which decomposes the original signal into
various estimated descriptions and detailed versions by time -scaling and wavelet function [8].
The wavelet transform has been introduced as an adaptable technique for non-stationary signal
analysis; the signals may be having faulted sinusoidal or non-sinusoidal waves [10]. The
recognition and classification of faults is important for safe and optimal operation of power
systems used for secure maintenance and operation of Micro Grid system a feasible approach
is to monitor fault signals so that accurate and rapid classification of fault is possible only
through Wavelet Transform [11]. Wavelet Transform’s effective windowing technique is used to
extract the fault information [12]. The presence of the MG system opens a new challenging task
to researchers in the study of the detection and classification of PQ related problems. [2] and [3]
based on artificial intelligence techniques such as Artificial Neural Network (ANN), fuzzy logic,
etc. Again, Kalman filters and Fast Fourier transform are used for the feature extraction, but
these techniques require the ability to decompose the signal in both time and frequency
domains [13]. AC signal is injected into DC power system to detect the AC harmonics
associated with signal using both combination of WT and ANN [14]. WT has implemented to
detect and identify the various kinds of PQ disturbances, this technique require the ability to
decompose the signal in both time — scaling domains [15] and [8]. The detection and
localization of PQ disturbances by wavelet approaches entirely depend on which mother
wavelet. To overcome the disadvantage of the original WT, Kalman filter have developed for
detecting the PQ events [4]. Parallel Active Power filter have been used to improve the power
quality in grid connected system [16].

2. Modelling of Hybrid MG System

Fashionable energy resources, such as solar PV and wind energy have attracted
energy sectors to generate power that interconnected at PCC to the main power grid with an
aim to improve reliability in power supply against the load demand. Both wind and solar, is
unsystematic in nature and dependence on climatic changes. Fortunately, the problems can
moderately overcome by integrating the resources to form a hybrid MG system, strength of one
source overcome the limitation of the other source. The energy resources connected to the MG
to allocate the shortage power as per conditional demands. However, the interfacing of MG
with these energy resources lead to several PQ and islanding problems which must be
detected, analyzed and mitigated effectively.
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Figure 1. Micro Grid Connected Energy Resources
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Maximum power obtaining from solar has directly related to solar irradiance intensity
and temperature. Several photovoltaic cells connected in series, which is a PV module. The
output current is equal to difference of light generated current to diode current [17].

I'=lph - Ip (1)
Ib Current of the diode

I Cell output current and voltage.

Ioh Light generated current.

Wind turbine extracts maximum kinetic energy from the wind, which strikes rotor blade.
The power coefficient C, is a measure of how much the energy extracted by the turbine. Cp
may be expressed as a function of the Tip Speed Ratio (TSR) given by equation [17].

= WnRp 2)
= 1/, copv,’ AW )

P

P Power (W).

Co Power coefficient.
V

A

p

® Wind velocity (m/s).
Swept area of rotor disc (m?).
Density of Air (kg/m®).

3. Classification Method for Disturbance Detection
In this section, it is explained the proposed method for detection of power quality
disturbances and this give the brief discussion about wavelet transform.

3.1. Discrete Wavelet Transform (DWT)

The voltage signal taken at PCC is used as input signal to the wavelet algorithm and
Daubechies4 (dB4) as mother wavelet is employed as it has been confirmed to perform well [3]
and [18] in detecting the PQ as well as islanding disturbances. The signal passed through a
series of high pass filters to analyze the high frequencies, and it passed through a successive of
low pass filters to evaluate the low frequencies. Therefore, the signal (S) decomposed into two
types of components; approximation (A) and detail (D). The approximation is high scale as well
as low-frequency component of the signal. The detail is low scale as well as high-frequency
component. The decomposition process might be progressed, with successive approximations
decomposed in turn, accordingly that one signal has divided into many lower resolution
components, which called the wavelet decomposition tree and shown in Figure 2. As
decompositions have done on higher levels, lower frequency components have filtered out
progressively. The WT uses short windows for high frequencies and long windows for low
frequency components.

Figure 2. Decomposition of Wavelet Tree
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4. Simulation Results and Discussion

In this section, it is explained the results of research based on PQ disturbances in Micro
Grid connected power system and at the same time is given the comprehensive discussion.
Results can be presented in figures, and tables. The discussion have made in several sub-
chapters. The various operating scenarios of the generation resources like Wind and PV
connected to the MG and their combinations have created and simulated in MATLAB / Simulink.
The voltage signal at PCC is extracted for simulation of each operating scenario and fed to
detection algorithms. Simulations are carried out using WT and the time-frequency localization
property of the WT and the disturbance instants are detected. Disturbance detection instants
have observed using MAT LAB / Simulink.

4.1. Inter Connected Detection for Energy Resources Connected to Micro Grid:

This subsection explains the grid-connected hybrid MG system under various operating
scenarios. The three-phase voltage signal is captured at PCC. Voltage and current waveform of
grid connected MG system have voltage unbalance at initial state. Voltage deviation in terms of
Total Harmonic distortion of grid connected MG shown in Figure 3(a). There is THD present in
grid connected system, frequency of grid connected MG is shown in Figure 3(b). Frequency
deviation present in the power system with the allowable limit because of loads and power
electronic interfaces. The computed values for all the considered scenarios are given in Table 1.
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Figure 3. Grid Connected, (a) THD, (b) Frequency

4.2. Islanding Detection for Energy Resources Connected to Micro Grid

This subsection explains the islanded detection using WT in the grid connected hybrid
DG system under various operating scenarios. Islanding is a phenomenon occurs when DG
resources integrated to the local load and the utility grid and is disconnected [19]. The three-
phase voltage signal have captured at PCC. Voltage deviation in terms of Total Harmonic
distortion of grid connected MG shown in Figure 4(a). There is some minimum amount of THD
present in grid connected system, with the allowable limit of frequency in grid connected MG
shown in Figure 4(b). No frequency deviation present in the islanded power system.

If any fault occurs in the main power grid want to secure the distributrd generation
resource, in that case islanding is necessory for Micro Grid system.in addition to the fault
islanding two cases have considered addition of sudden load, rejection of sudden load.with the
help of Wavelet Transform here the power quality disturbance events have detected, shown
through graphical representation as weel as tabulated.

TELKOMNIKA Vol. 14, No. 1, April 2015: 9-15



TELKOMNIKA ISSN: 2302-4046 m 13

T T T
Bho oot RS SO i 50.04

= 50.02

E s0

=

g

2 4008

49.96 ;
D0z 004 D06 008 0 0.l

Time {5}
(b)

Figure 4. Islanded, (a) THD, (b) Frequency

4.3.PQ Disturbance Detection for Energy Resources Connected to Micro Grid

Detection of the different PQ disturbances plays an important role for their possible
mitigations using some effective algorithms so that the stability gets improved there by
increasing the reliability of system. This subsection further demonstrates performance of WT in
detection of PQ disturbances such as Voltage Unbalance (VU) and load switching. The PQ
disturbances have created in grid-connected hybrid power system in MATLAB / Simulink.

4.3.1. Detection of THD at Sudden Addition Load Switching

Signal switching are considered the method proposed in two scenarios; islanding and
load scenarios are extracted and the corresponding change in THD is calculated in percentage
and tabulated in Table 1.
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Figure 5. Addition of Load Switching; (a) THD, (b) Frequency
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The abrupt change in THD values is observed to be more than the threshold value and
thus both the disturbances are detected as islanding event. It was observed that the drawback
of VU/THD technique is that a load switching can cause an abrupt change in performance
indices even if the MG is connected to the utility grid (no islanding case). Voltage and current
waveform of grid connected MG with current value has increased with increase in load, voltage
deviation in terms of Total Harmonic distortion of grid connected MG shown in Figure (a) there
is an increase in percentage of THD present in micro grid connected system. Frequency of grid
connected MG shown in Figure (b) severe frequency deviation within the allowable limit present
in the micro grid connected system. The three-phase voltage signal have captured at PCC.

4.3.2, Detection of THD at Sudden Rejection Load Switching:

Voltage and current waveform of grid connected MG with current value decreases at
the decrease in load.
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Figure 6. Rejection of Load Switching; (a) THD, (b) Frequency

Voltage deviation in terms of Total Harmonic distortion of grid connected MG shown in

Figure 6(a). There should be severe increase in percentage of THD present in grid connected
system. Frequency of grid connected MG shown in Figure 6(b). Dip in frequency deviation
within the allowable limit present in the power system.

Table 1. The Performance of various scenarios with their comparison
Power Quality Disturbance Events

Scenarios Events WT FFT
THD Frequency THD Frequency
Modes of Grid-connected mode  45.34 50.08 09.34 48.53
operation Islanded mode 03.07 50.00 07.07 49.97
PQ Rejection of load 180.24 49.94 150.24 50.01

disturbances Addition of load 1500 49.99 1500 49.33

5. Conclusion

The work in this paper has introduced a simulation on detection of islanding event and

PQ disturbances in Micro Grid connected distributed power system using WT techniques under
various operating scenarios. Various cases such as detection of islanding event and PQ
disturbances simultaneous occurrence of islanding event with three-phase fault at PCC have
considered. Three-phase fault with islanding and PQ events were investigated for different
operating scenarios. The qualitative and quantitative results clearly showed the merits of WT in
detection, localization of islanding event and PQ disturbances in the Micro Grid power system.

References
[1] Kodanda Ram R B P U S B, M Venu Gopala Rao. Operation and Control of Grid Connected Hybrid

(2]
(3]
(4]

(5]

(6]

AC/DC Microgrid using Various RES. International Journal of Power Electronics and Drive System.
2014; 5(2); 195-202.

Pecas Lopes JA, Moreira CL, Madureira. Defining Control Strategies for MicroGrids Islanded
Operation. IEEE Transactions on Power Systems. 2006; 21(2): 916-924.

Gaing ZL. Wavelet-based neural network for power disturbance recognition and classification. IEEE
Trans. Power Del. 2004; 19(4): 1560-1568.

Prakash K Ray, Soumya R Mohanty, NandKishor. Classification of Power Quality Disturbances Due to
Environmental Characteristics in Distributed Generation System. IEEE Transactions on Sustainable
Energy. 2013; 4(2): 302-313.

Kim SK, Jeon JH, Cho CH, Ahn JB, Kwon SH. Dynamic modeling and control of a grid-connected
hybrid generation system with versatile power transfer. IEEE Trans. Ind. Electron. 2008; 55(4): 1677-
1688.

Ray PK, Mohanty SR, Kishor N. Proportional-integral controller based small-signal analysis of hybrid
distributed generation systems. Energy Convers Manage. 2011; 52: 1943-1954.

TELKOMNIKA Vol. 14, No. 1, April 2015: 9-15



TELKOMNIKA ISSN: 2302-4046 m 15

[7] Viawan FA, Karlsson D, Sannino A, Daalder J. Protection scheme for meshed distribution systems
with high penetration of distributed generation. In Proc. IEEE Power System Conf. Expositioin. 2006:
99-104.

[8] Dash PK, Panigrahi BK, Panda G. Power quality analysis using S-transform. IEEE Trans. Power Del.
2003; 18(2): 406-411.

[9] Wang ZY, Zhao BC, Shi XC, Zhu YW. A new method of detecting PV grid connected inverter islanding
based on the frequency variation. Int. Conf. Materials for Renewable Energy & Environmental
(CMREE). 2011: 44-48.

[10] Sheelavant VR, Vijaya C, Shiralashetti SC. Wavelet based Fault Detection Method for Ungrounded
Power System with Balanced and Unbalanced load. International Journal of Electrical and Computer
Engineering. 2011; 1(1): 9-16.

[11] Satyanarayana K, Saheb Hussain MD, Ramesh B. Identification of Faults in HVYDC System using
Wavelet Analysis. International Journal of Electrical and Computer Engineering. 2012; 2(2): 175-182.

[12] Fan YU, Shuo ZHANG, BaolLong LIU. Based on the Wavelet Function of Power Network Fault
Location. TELKOMNIKA Indonesian Journal of Electrical Engineering. 2013; 11(4): 1924-1929.

[13] Bollen MHJ, Gu I. Signal Processing of Power Quality Disturbances. Hoboken, NJ: Wiley-IEEE Press.
2006.

[14] Zhongyuan Zhang, Wei Zheng, Chao Ma, Yuchen Zhang, Shuaibing Li. An Effective Approach of AC
Signal Detection in DC Power System Based on Wavelet Neural Network .TELKOMNIKA Indonesian
Journal of Electrical Engineering. 2014; 12(5): 3662-3670.

[15] Choe GH, Kim HS, Kim HG, Choi YH, Kim JC. The characteristic analysis of grid frequency variation
under islanding mode for utility interactive PV system with reactive power variation scheme for anti-
islanding. IEEE Power Electronics Specialists Conf. 2006: 1-5.

[16] Brahim Berbaoui, Samira Dib, Rachid Dehini. Grid-connected Photovoltaic Power Systems and Power
Quality Improvement Based on Active Power Filter. TELKOMNIKA Indonesian Journal of Electrical
Engineering. 2014; 12(8): 5861-5868.

[17] Muhammad H Rashid. Power Electronics Handbook. London: 2007; 657-711.

[18] Hsieh CT, Lin JM, Huang SJ. Enhancement of islanding-detection of distributed generation systems
via wavelet transform-based approaches. Int. J. Elect. Power Energy Syst. 2008; 30(10): 575-5.

[19] Soumya R Mohanty, NandKishor, Prakash K Ray, Jodo PS Cataldo. Comparative Study of Advanced
Signal Processing Techniques for Islanding Detection in a Hybrid Distributed Generation System.
IEEE Transactions on Sustainable Energy. 2014: 1-10.

Detection of Power Quality Disturbances in Micro Grid Connected... (K. M. Priyadharshini)



