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Abstract— This paper presents a novel non-
communication protection architecture based on utilizing 
the selected Distributed Generators (DGs) which provide 
high-frequency harmonics for harmonic-based overcurrent 
relays to detect and isolate three-phase faults in meshed 
microgrids. The most prominent features of this structure 
include limited number of DGs required to inject 
harmonics, no need for using centralized communication 
system, and the fault can be detected and located in all 
conditions such as load disconnection/connection and DG 
disconnection/connection. The optimum Time Dial Settings 
(TDSs) of these relays are obtained by solving a 
coordination problem with Particle Swarm Optimization 
(PSO) algorithm. Real-time results are produced using 
OPAL-RT to show the effectiveness of the proposed method 
for two different locations of faults in a meshed microgrid. 

Index Terms— Fault detection, isolation, harmonic 
injection, Relay coordination, support vector machine (SVM) 

I. INTRODUCTION

Protection is considered to be one of the last barriers to 
viable Microgrid (MG) implementations. MG protection 
faces several challenges, including topology changes 
within the MG and Distributed Generator (DG) impacts 
that result in limitations to reliable fault discrimination, 
such as blinding of protection, sympathetic tripping, and 
weak-infeed loop fault [1]. On the other hand, meshed 
MG is offered as a promising structure for the future MG 
to bring higher resiliency and reliability by adding 
redundant paths.  In this structure, the concept of upstream 
and downstream is not valid, so the performance of 
conventional protective relays must be evaluated once 
again [1],[2]. 

Fuses, reclosers, and overcurrent relays have no 
capability of isolate faults in looped MG with high 
penetration of DGs, and they require to be reset after any 
changes in the MG topology (i.e. islanding, isolation of 
sources, etc.) [3]. The use of distance relays has also low 
selectivity and high cost of the voltage transformer [4]. 
Similar to distance relays, directional relays utilize both 
voltage and current transformers to determine the fault 
direction, which result in additional cost increases [5]. 
Although, differential relay addresses the problem of 
bidirectional power flow, the implementation cost is even 
higher due to the need for increased complexity within the 

protective devices themselves. Besides these conventional 
approaches, Fault Current Limiter (FCL) [6], and adaptive 
protection [7] have been presented to address the 
protection issues. The main disadvantages of these two 
approaches are high implementation cost and the need for 
a central monitoring unit, respectively.  

This paper presents a novel protection structure based 
on using a set of High-Frequency (HF) Overcurrent 
Relays (HFOCRs) and a set of selected DGs, which have 
the capability of injecting HF harmonic currents. Once the 
fault happens, each of the selected DGS analyzes its 
output signals by a Support Vector Machine (SVM) to 
detect occurrence of the fault. Then, those DGs that 
recognize fault, inject distinct HF signals and then 
measure the impedance of connected lines associated with 
that harmonic within a 40ms time window. If the 
measured impedance is below the specific value, the DG 
continue HF harmonic injection, since the fault occurs in 
connected line associated with another DG, otherwise the 
DG will stop injecting HF harmonic current. While two 
distinct HF harmonic currents are injected, the HFOCRs 
measure the HF current and send the tripping signal the 
appropriate circuit breaker to isolate the faulty line. In 
order to achieve fast response of both main and backup 
relays, a Particle Swarm Optimization (PSO) algorithm is 
used to find the optimum values of each set of HFOCRs. 
Finally, different locations of fault are considered to 
validate the effectiveness of the proposed method. In 
order to achieve fast response of both main and backup 
relays, Particle Swarm Optimization (PSO) algorithm is 
used to find the optimum values of each directional relay 
parameters. Finally, different locations of fault are 
considered to validate the effectiveness of the proposed 
method. 

II. PROPOSED METHOD

As shown in Fig.1, the proposed protection method 
consists of three main parts including fault detection, 
harmonic injection by DGs as well as measuring HF 
impedances, and operation of HFOCRs with optimum 
settings. In the first step, the fault will be detected by 
feeding a proper set of features to the SVM classifier. 
Once the fault is recognized by the DG, that DG injects 
specific HF harmonic and, after waiting 40ms, measure 
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A. Signal Processing Tools for Fault Detection 
1) Feature Extraction and Feature Selection 

 

2) Support Vector Machine 
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B. Harmonic injection 
1) DGs Selection for Harmonic Injection 

 

2) Harmonic injection strategy  

3) Harmonic Selection and Detection  
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4)  C o nt r ol S y st e m  

C.  R el a y C o o r di n ati o n 

1)  C o o r di n ati o n f o r m ul a 
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keeps injecting harmonic at 375 Hz. This HF current 
activates R8 at 0.5864 s and faulty line will be isolated 
completely. Finally, the measured impedance at 375 Hz is 
increased to 12 Ω, and therefore the command signal for 
harmonic injection of DG4 is returned to zero.  

In the second scenario, a three-phase fault with Rf=0.3 
Ω is exerted in line7 at 0.5s. While the fault occurs at 0.5 

s, DG 2 and DG4 identifies the fault at 0.5045 s. Both of 
them inject HF currents into the meshed microgrid for 40 
ms. As shown in Fig. 8 (c), the measured impedance of 
faulty line at 275 Hz from DG2 bus terminal is around 7 
Ω.  It must be noted that this DG works in the constant 
current control. As this value is lower than set value of the 
measured  

 
Fig. 7. Realtime simulation results for fault applied on Line4.  



 

Fig. 8. Realtime simulation results for fault applied on Line7 .

impedance, which is 12 Ω, this DG keep injecting 
harmonic at 275 Hz. The injected harmonic signal activate 
the R15 at 0.6453 s (see Fig. 8 (d)). While this side of 
faulty gets disconnected, the measured impedance in this 
frequency is increased to exceed the set value. After 
passing 12 Ω, the DG2 stop injecting the HF harmonic 
current (see Fig. 8 (c)). On the other hand, DG4 measures 
HF impedances of connected lines at 375 Hz. As it can be 
seen in Fig. 8 (g), the measured impedance at 375 Hz is 
around 5 Ω, therefore this DG continues injecting of the 
HF current. Regarding the optimum value of R16 obtained 
by PSO algorithm, this relay send the tripping singal to 
its corresponding circuit breaker to be opened at 0.5864 s. 
At this time, the faulty line is isolated completely. 

IV. CONCLUSION AND FUTURE WORKS 
In this paper, a new high-frequency protection structure is 

proposed to detect and isolate fault by injecting harmonic 
signals. According to the strategy of harmonic injection, the 
selected DGs provide HF currents to activate the HFOCR. 
Thanks to this strategy, different configuration and topology 
changes of microgrid, which affect the fundamental fault 
current characteristic, have no adverse effect on the 
performance of the purposed protection. Therefore, this 
method does not need to adaptively change time-trip settings 
to achieve the best possible performance for each topology of 
the microgrid. Other advantages of this method are no need 
for communication systems and the HFOCRs only measure 
HF current for their operation. 

The real-time results of two scenarios validate the 
effectiveness of the proposed method for different situations 
such as DG and load disconnection/connection in two 

different fault locations, and fault impedances. However, 
this paper has not considered other types of faults. In 
addition, the meshed microgrid only operates in islanded 
mode and not grid-connected mode. Accordingly, future 
works will extend this protection strategy to address and 
cover those situations.  
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