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Abstract 

Protecting an inverter-dominated microgrid is challenging for the traditional overcurrent protection scheme owing to the 

suppressed fault current from the inverter interfaced DGs (IIDGs). In this paper, a protection scheme based on the Discrete 

Wavelet Transform is developed in MATLAB/SIMULINK to detect the faults in the microgrid. The input voltage of the 

proposed scheme is first transformed into dq0 frame using the Park Transform. A filtering system based on the wavelet denoising 

approach is then implemented to reduce the sampling frequency and reject the switching noise generated by the inverters in the 

microgrid. The performance of the proposed scheme is evaluated in transient simulation by systematically applying different 

types of faults, including varied fault positions and impedances. Additionally, a high impedance arcing fault model is 

implemented to test the proposed protection scheme under nonlinear fault impedance conditions. 

1 Introduction 

In recent years, driven by the energy depletion and the climate 

change, the number of distributed generators (DGs) powered 

by renewables has increased significantly in many countries 

[1]. However, some technical constrains related to voltage 

stability, power flow and protection, can seriously limit further 

penetration of these renewables in the future [2][3].  

 

Microgrid is a small-scale network comprising the distributed 

generators, loads and storage, which provides an effective 

solution for the accommodation of renewables. In normal 

condition, the microgrid delivers its surplus generation to the 

main network as an equivalent current source. When a fault 

occurs in the distribution network, the microgrid is 

disconnected and operates independently as an ‘islanded 

microgrid’. The protection issues of the microgrid are mainly 

related to the islanded operation due to the suppressed fault 

level especially when the microgrid is dominated by the 

inverter-interfaced DGs. The fault current from these 

generators is usually limited to 2 p.u [4], which cannot be 

reliably protected using the traditional overcurrent relays. 

Additionally, considering the low inertia of the inverter-

dominated microgrid, the protection scheme must be fast 

enough to isolate the fault or the electronic devices in the 

microgrid or else the stability of microgrid could be 

compromised. 

 

As a crucial part during the implementation of microgrid, some 

protection schemes have been proposed in technical literature. 

As a typical example, adaptive protection schemes are 

proposed in [5]-[7]. In the adaptive protection schemes, the 

relay setting can be attuned, based on the prevailing system 

status which is captured using a monitoring system such as  

SCADA. Therefore, an advanced communication system is 

usually required in most adaptive protection schemes which 

increases the practical implementation cost. Additionally, the 

information cybersecurity needs to be carefully considered in 

the future applications. Differential based protection schemes 

are used in [8] for the protection of the medium-voltage 

microgrid. Based on the validated results, the relay can clear 

the faults quickly, and as demonstrated in the paper, the 

proposed protection scheme is still valid during the high 

impedance fault conditions. However, as the involvement of 

communication channels and the GPS measuring system, the 

price of this protection scheme is quite expensive. Travelling 

wave based system is employed for the protection of a 20 kV 

microgrid in [9]. The polarity of the travelling wave is 

processed by using the mathematical morphology (MM) 

method and used as the tripping criteria of this protection 

scheme. Although it has a good performance in various 

scenarios, the high sampling frequency is compulsory in this 

method. Therefore, it is not suitable for the protection of the 

low voltage microgrid (400 V) with the short-length feeders. 

Some other protection schemes for the microgrid can be found 

in [10].  

When fault occurs in the microgrid, a transient signal is created 

in the voltage and current, which provide a good fault indicator. 

However, in some situations such as the high impedance fault 

scenario, these transients are not obvious and may be hard to 

capture by conventional relays. Therefore, an advanced signal 

processing method is needed to extract the fault information 

from the transient signal. In this paper, a Discrete Wavelet 

Transform (DWT) tool is utilized. Additionally, to reduce the 

requirements for very high sampling frequency, and at the 

same time, reject the noise from the fast switching of the 

inverters, an effective denoising system is developed using the 
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wavelet denoising approach. This paper is organized as 

follows. Section 2 describes the algorithm of the protection 

scheme. Section 3 discusses the test microgrid model used to 

evaluate the performance of the proposed scheme. The 

simulation results and the conclusions are presented in sections 

4 and 5 respectively. 

2 DWT based Protection Scheme 

2.1  System Overview 

The proposed protection scheme utilises the measured 

terminal voltage of the inverter in the microgrid. The entire 

scheme is divided into three stages as displayed as Fig. 1. The 

operating principles of the scheme are explained in detail in 

the following sections. 

2.2  Stage 1 : Park Transform and Wavelet Denoising 

Park Transform implemented is used to transform the 

measured voltage in natural abc phase frame into dq0 frame. 

In balanced steady state condition, the voltage on dq0 frame is 

a pure DC component, but if a fault occurs in the system, the 

AC ripple is added on the transformed voltage [11]. This 

characteristic can be utilised conveniently for fault detection.  

Moreover, the park transform aided DWT decreases the 

memory space requirements and computational burden on the 

numerical relays [12].  

 

In the inverter dominated microgrid, the noise will be created 

by the fast switching of inverters. Although some of this noise 

can be removed using the filter designed by the inductor and 

capacitor such as LC and LCL filter, there still exists some 

noise level in the signal, which degrades the performance of 

the protection system particularly in the case of high 

impedance fault. A wavelet based denoising system is 

developed to address the noise issue in the microgrid.  Firstly, 

the DWT divides the input signal into different frequency 

bands, which allows to present the signal using the coefficients 

at different wavelet levels. Comparing with useful signal, the 

coefficients of noise are relatively small, therefore, the signal 

disturbance can be filtered through replacing the coefficients 

under the defined threshold by zero. ‘Haar’ wavelet is 

employed for design of the filter and the threshold is 

established using the soft threshold approach given by the 

following equation where ∆𝑥 is the threshold of the filter and 

x is the wavelet coefficients at a given level. 

 

      y = { 
 𝑠𝑖𝑔𝑛 (|𝑥| − ∆𝑥), |𝑥| >  ∆𝑥 

                      0,        |𝑥| ≤  ∆𝑥  
             (1) 

2.3  Stage 2 : Tripping Variables Definition  

The wavelet coefficients of the denoised signal are computed 

using the db4 wavelet. The energy feature of the coefficients 

is calculated by the following equation (2) [13]. 

 

           𝐸𝑖 = ∑ |𝑑𝑖𝑗|
2𝑛𝑖

𝑗=1                        (2) 

 

where i=1,2….,I  stand for the scale, and j=1,…𝑛𝑖 stand for 

the number of the used coefficients in each calculation cycle. 

In this scheme, the sampling period for energy calculation is 

0.02 s, and the sampling frequency is 1 kHz, which means the 

new energy value is evaluated every 20 samples. 
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Fig. 1 Algorithm of the proposed protection scheme. 

2.4  Stage 3 : Tripping Threshold Decision 

The choice of tripping thresholds, 𝑇𝐻𝐸 , has a significant 

influence on the performance of the proposed scheme. With 

the help of the wavelet denoising system, the magnitude of the 

noise energy can be limited to 20. Moreover, a 50% safety 

margin has been considered during the threshold setting 

process owing to the stability requirement. At the end, the 

tripping threshold is set as 𝑇𝐻𝐸 = 30. 

 

3 Studied Microgrid System 

In this paper, a 400 V, 50 Hz, a model of the benchmark 

microgrid [14] is developed in MATLAB/SIMULINK 

environment to evaluate the performance of the proposed 

protection scheme. 

 

The single line diagram of the test microgrid is shown in Fig. 

2, where ‘L1, L2,...’ stand for the feeders connecting two 

nodes. The detailed parameters of the feeders are included in 

[14]. There are four inverter interfaced DGs in this microgrid. 

DG1 is the master unit, which is responsible for providing the 

voltage and frequency reference to the islanded microgrid and 

the other three DGs are the slave units, which deliver constant 

power to the grid. Moreover, owing to the safety requirement 

of the inverters, the fault current of each inverter interfaced DG 

has been limited to 1.2 times of the rated current [15]. In this 

microgrid, the total capacity of the generators is 60 kW and the 

rated power of every load is 10 kW. The switch at the top of 

this diagram is used to change the structure of this microgrid, 

i.e. normally open point. 
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Fig. 2  Low-voltage benchmark microgrid.  

4 Simulation Results and Analysis 

In this section, several case studies are presented to 

demonstrate the performance of the proposed scheme in the 

islanded microgrid. The input voltage of the protection scheme 

is measured at the terminal of DG3 and the sampling frequency 

is 1 kHz. In the following parts, the symbol E stands for the 

energy of wavelet coefficients and the logic value ‘1’ of the 

trip signal means the fault has been detected by the relay. The 

test scenarios are listed in Table 1 , where ‘SPG’, ‘PPG’ and 

‘PPPG’ stand for the single phase to ground, phase to phase to 

ground and three phase to ground fault respectively. These 

faults occur at the medium point of each feeder at 0.3s.  

Furthermore, the fault scenarios will be implemented in the 

radial and looped microgrid to evaluate the performance of the 

scheme under different microgrid structures. 

 

Table 1 Fault scenarios in the test. 

 

Case 

Number 

Fault 

Type 

Fault 

Resistance 

Fault Position 

 

Case 1 SPG 0.1  L5 

Case 2 SPG 100  L5 

Case 3 PPG 0.1  L6 

Case 4 PPPG 0.1  L7 

 

4.1  Case 1: Single phase to ground fault in L5 (LIF) 

In this case study, a single phase to ground fault with 0.1  

impedance has been applied at the middle point of Line 5 to 

evaluate the performance of the proposed scheme in the case 

of low impedance fault (LIF). The results for the radial and 

looped microgrid are shown in Fig. 3 and Fig. 4 respectively, 

where the maximum values of E have been limited to 100 to 

enable clearer observation. From these figures, the magnitude 

of the pre-fault noise energy has been suppressed to lower than 

20 successfully by using the denoising system. When the fault 

occurs, the value of E increases sharply and reaches the 

threshold ‘𝑇𝐻𝐸 = 30 (the dashed red line)’ rapidly, and the 

relay detects the fault within 50 ms.  

4.2  Case 2: Single phase to ground fault in L5 (HIF) 

In this case, the scheme performance is tested under the high 

impedance fault (100 ) scenario. Considering the non-linear 

nature of the high impedance fault (HIF), the fault model 

included in [16] is employed in this paper as shown in Fig. 5, 

where two DC sources, Vp and Vn and two resistances, Rp  and 

Rn, represent the arcing voltage and fault resistances of air in 

soil or between trees and distribution feeders respectively [17]. 

The values of Vp and Vn are determined by the physical features 

of the contacting material. For example, the density and the 

amount of moisture of sandy soil have a major influence on the 

choice of Vp and Vn [16]. In this case study, the values of Vp 

and Vn set as 200 V and the values of Rp  and Rn set as 95  

and 105 , varying in the range of 5%−
+  around the assigned 

(mean) value, to mimic the asymmetrical feature of the high 

impedance fault [18]. The result in the radial microgrid is 

shown in Fig. 6. Comparing with the result of case 1, the 

maximum value of the energy has decreased owing to the 

increase of the fault impedance, and the wavelet energy 

oscillates between 30 and 100, but the scheme can still detect 

the fault in less than 70 ms, which is fast enough for low 

voltage (400 V) network applications. The similar result can 

be achieved when the structure of the microgrid changes to the 

loop as shown in Fig. 7. Overall, it can be concluded that the 

performance of the proposed system is not influenced by the 

variation of the microgrid structure. 

4.3  Case 3: Phase to phase to ground fault in L6 

In this case study, a phase to phase to ground fault has been 

added at the midpoint of line 6. Comparing with the result of 

case 1, the faults in case 3 have been detected faster as shown 

in Fig. 8 and Fig. 9, as the oscillated voltage in the d axis has 

a higher magnitude than the values in the single line to ground 

fault. Based on results in Fig. 8 and Fig. 9, the proposed 

protection scheme can detect the fault in less than 40 ms, and 

it is immune to the change of the microgrid structure.  

4.4  Case 4: Three phase to ground fault in L7 

Comparing with asymmetrical faults, the balanced fault is 

harder to be sensed by the relays owing to the loss of the 

information about the negative and zero sequence components. 

When the three phase to ground fault occurs in the microgrid, 

the voltage in the d axis is still a DC component, which is the 

same as the normal condition. However, a falling edge will be 

introduced owing to the voltage drop during the fault period. 

This can be detected by the DWT based protection scheme as 

shown in Fig. 10 and Fig. 11. Based on the simulation results, 

the balanced faults can be detected by the relay within 40 ms. 

Additionally, the detection of three phase to ground fault is not 

influenced by the microgrid structure. 
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Fig. 3  Low impedance fault in radial microgrid.  

(a)Wavelet energy.  

(b)Trip signal. 

 
  

 
Fig. 4  Low impedance fault in looped microgrid. 

(a)Wavelet energy.  

(b)Trip signal. 
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Fig. 5  High impedance fault model used in the test. 

 

 
Fig. 6  High impedance fault in radial microgrid. 

(a)Wavelet energy.  

(b)Trip signal. 

 

 

 
Fig. 7  High impedance fault in looped microgrid. 

(a)Wavelet energy.  

(b)Trip signal. 

 

 
Fig. 8  Phase to phase to ground fault in radial microgrid. 

(a)Wavelet energy.  

(b)Trip signal. 
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Fig. 9  Phase to phase to ground fault in looped microgrid. 

(a)Wavelet energy.  

(b)Trip signal. 

 

 
Fig. 10  Three phase to ground fault in radial microgrid.  

(a) Wavelet energy.  

(b) Trip signal. 

 

 

 
Fig. 11  Three phase to ground fault in looped microgrid. 

(a) Wavelet energy.  

(b) Trip signal. 

5 Conclusion 

In this paper, a voltage-based protection scheme is developed 

using the discrete wavelet transform. In this scheme, the 

energy of wavelet coefficient is computed to indicate the fault 

scenarios. This protection system is tested by using the 

different fault types with varied microgrid structures and fault 

impedances. Based on the results from these case studies, the 

faults can be detected less than 70 ms even in the high 

impedance fault condition, which is fast enough for the 

protection of low voltage microgrid. Additionally, the 

sampling frequency of the scheme can be easily achieved 

(1 kHz) and it is based on the local measurement only and 

there is no need for any communication media, therefore, the 

scheme can be implemented in cost effective way, and is much 

more attractive than other communication based schemes. 
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