
 

Abstract--Active islanding detection methods are generally 

employed for grid-connected inverter-based Distributed 

Generation (DG). However, there might be mutual influences and 

power quality issues caused by the disturbance signal when 

multiple inverters are involved. To address those problems, this 

paper analyzes the potential failure mechanism of the f-Q 

(frequency-reactive power) drifting active method in multiple-DG 

situations. Then, a novel high frequency transient injection based 

islanding detection method that is suitable for both single and 

multiple-DGs is proposed. Compared with the conventional 

injection methods, a high frequency impedance model for DG is 

provided for better theoretical analysis. By means of the 

intermittent Time Domain Low Voltage Condition (TDLVC) 

injection control, this method can achieve good accuracy and 

reduce disturbances to power system.   

Index Terms--Islanding detection, active injection method, 

high frequency impedance estimation, multi-inverter-based DG. 

I.  INTRODUCTION 

HE demand of efficient energy utilization and the 

development of power electronic technology are urging 

large amount of distributed generation (DG), such as 

photovoltaic (PV) and wind power, to connect to the grid [1]-

[2]. However, an unintentional islanding operation can be 

formed by the DGs and local loads when grid faults or circuit 

breaker misoperation occurs [3]-[4]. The islanding system 

causes potential threats to field operators, the system 

equipment, line restoration and the circuit breaker reclosing 

operations. Therefore, it is important to detect the system 

islanding operating situations effectively [5]. 

Islanding detection methods can be classified into two 

categories: the communication-based methods [6]-[9] and the 

local measurement-based methods that are further divided into 

the active methods and the passive methods. The 

communication- based method involves remote-end 

measurement [6]-[7] and wide-area phasor estimation [8]-[9] 

that relies on real time data transmission. This could increase 

the system investment and might cause relay mal-function due 

to communication failures. The passive methods analyze the 

change of/rate of change of (ROCO) electrical quantities at the 

relay location, caused by mismatching of the DG output and 

local loads [10]-[20]. The basic theory of the passive method 

is straightforward and easy for practical utilization. Lately, 
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researches on this method mainly focus on the smart signal 

processing algorithms. The estimation of signal parameters via 

rotational invariance techniques (ESPRIT)[11], fast Gauss-

Newton algorithm (FGNWA)[12], Tufts–Kumaresan (TK)[15], 

autoregressive (AR)[16] and wavelet[17] are used to pick out 

the useful signal from noises and distortions. And then, the 

pattern recognition algorithms such as Decision Trees 

(DTs)[10], Naive-Bayes classifiers (NBC)[14], support vector 

machine (SVM)[13] and classification and regression trees 

(CART)[18] are used for islanding detection. Applying smart 

data processing to multiple measured variables, the non-

detection zone (NDZ) can be reduced. However, the 

theoretical NDZ might still exist when the DG output power 

matches with the local loads and the complicated data 

processing could make the passive method less favorable for 

industry application.  

At present, active methods are mainly adopted by the 

inverter-based DGs. These methods modify the inverter 

control loops (include the phase-lock loop) or the control 

reference values to induce small power [19]-[22], voltage 

amplitude [23]-[24], phase [25] and frequency [26]-[30] errors 

to the inverter outputs. When islanding occurs, these errors 

will be enlarged for accurate detection. However, for multi-

inverter-based DGs, it is possible that disturbance signals 

produced by this active method could be amplified 

(jeopardizing the power quality and the system stability) or 

could counteract each other (causing failure of islanding 

detection). For multi-inverter situation, in order to avoid the 

mutual influences, the master-slave injector is classified [31]. 

The master inverter continuously [32]-[33] or intermittently 

[34]-[35] injects a high frequency current harmonic (normally 

in the range from 300Hz to 700Hz) through the “q” or “d” 

current control loops. The islanding can be detected by 

measuring the system impedance variations (or voltage 

response). Applying this injection method for multi-DG system, 

the common drawbacks are: 1) the measured impedance (or 

voltage response) cannot be theoretically explained due to the 

fact that the harmonics will not only flow to the main system 

but also to the other inverters and the inverter models in high 

frequency domain are not provided; 2) the master inverter has 

to inject a relative large distortion to maintain an accurate 

measurement (especially in the high frequency range) and this 

might cause system power quality problems. 

According the two drawbacks of the current injection 

methods, this paper proposes a centralized high frequency 
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transient injection method for multi-DG systems to avoid the 

mutual influences of the inverters. The failure mechanism of 

the conventional active method is analyzed. The dynamic high 

frequency impedance model for inverter-based DG is proposed. 

This model is irrelevant to the control algorithm and source 

characteristics and is suitable for all the inverter-based DGs.  

By means of intermittent Time Domain Low Voltage 

Condition (TDLVC) injection, good estimation accuracy and 

the system power quality can be achieved for correct islanding 

detection. 

II.  FAILURE MECHANISM OF CONVENTIONAL ACTIVE METHOD 

BASED ON INVERTER DISTURBANCE 

A.  Frequency-reactive power Drift Method 

The frequency-reactive power (f-Q) feedback drifting 

method is one of the conventional inverter-based active 

islanding detection. It is based on the relationship between 

frequency of the DG’s output voltage and the reactive power. 

The frequency drift is accelerated by an f-Q feedback control 

strategy after the islanding occurs. This will enlarge the 

frequency differences even if the local loads’ consuming 

power matches with the DGs’ output power [22]. A typical 

grid connected inverter-based DG system with local paralleled 

loads is simplified and shown in the Fig.1. According to the 

amplitude and frequency variations of inverter’s output voltage, 

the islanding situation can be detected. The inverter, as shown 

in the Fig.1, is controlled for maximum real power output 

while the reactive power is set to be zero for normal operation.  
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Fig. 1.  The equivalent circuit of a grid-connected inverter system. 
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Whereby, Pload and Qload  are the active and reactive power 

consumed by loads in normal operation; Pinv and Qinv are the 

inverter’s active and reactive power outputs; ΔP and ΔQ are 

the active and reactive power supplied by the grid; Ug and fg 

are the amplitude and frequency of the inverter’s output 

voltage. 

In islanding situation, Uisland and fisland denote the amplitude 

and frequency of the terminal voltage of the local loads, P
’
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and Q’
load are the active and reactive power consumed by the 

local loads. When the inverter operates on constant power 

control mode, there will be: 

                               
2

' 3 island
load inv

U
P P

R
                                 (3) 

' 2 1
3 2

2



load island island inv

island

Q U f C Q
f L

 
   

 
          (4) 

The terminal voltage of the local loads in islanding 

operation can be calculated by (5): 

3

inv
island

P R
U                                         (5) 

When the inverter works in unity power factor mode, which 

means Qinv=0, the inverter won’t supply reactive power to the 

loads after islanding. Thus, the frequency of the terminal 

voltage can be represented by (6): 
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Therefore, the relationship between ∆Q (the mismatching 

reactive power) and fisland , can be expressed as: 
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where f

C
Q R

L
  is the quality factor of the load 

 As shown in (7), the reactive power difference between 

inverter’s output and the local load will result in frequency 

variation during islanding.  

Therefore, the grid-connected inverter system’s islanding 

operation can be detected by the enlarged frequency drifting 

which is caused by reactive power disturbance. In order to 

obtain sufficient reactive power disturbances from a small 

change in the frequency and improve the detection speed, a 

frequency feedback is employed in the reactive power control 

loop. The feedback is set as (8) and the control block diagram 

is shown in Fig.2. 

 inv a gQ k f f                                 (8) 

Where k is the frequency feedback coefficient, fa is the 

frequency of the voltage at the point of common coupling 

(PCC), gf  is the rated frequency of the main grid (50Hz). 
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Fig. 2.  Control strategy of f-Q feedback method in the inverter. 



As shown in the Fig.2, both the active and reactive power of 

the inverter’s output are constant due to the constant P-Q 

control. Voltage at PCC of the DG system, clamped by the 

main grid, is the rated voltage and the corresponding values 

Udpcc, Uqpcc in d-q coordinate system. Accordingly, reference 

current i*
q and i*

d can be calculated from the outer power 

control loops. The current state feedback values, ωLid and 

ωLiq, are introduced to achieve decoupling. The inner current 

loop outputs the reference voltages Ud and Uq which generate 

Pulse-Width Modulation (PWM) signals after the dp/abc 

conversion. 

The frequency at the PCC changes very little after islanding 

if local loads matches with the power output of the inverter. 

However, by introducing the feedback loop, the reactive power 

offset will be magnified and this would make the frequency 

rise/fall out of the allowable range for accurate islanding 

detection. 

B.  Failure Mechanism of f-Q Feedback Method 

To study on the performances of the f-Q feedback method in 

the islanding detection, the simulation model is built in 

Matlab/Simulink according to the system structure introduced 

in the Fig.1 and control strategy presented in the Fig.2. 

Detailed simulation parameters are: the inverter’s output is 

stepped up via transformers to a 220kV system of infinite 

capacity. The active power output of the inverter is 300kW 

and the reactive power output is determined by the frequency 

difference, that is Qinv=k(fa−50) Var, where the feedback factor 

is k=－3802. The RLC parallel load is connected to the 10.5kV 

bus and the load consumed active and reactive power are 

Pload=300kW, Qload.L=150kVar and Qload.C=−152kVar 

respectively. This power is set to create a match between the 

DG output and the load. This paper is trying to describe the 

advances of the proposed method compared with the 

conventional active method and for the power mismatching 

situations even the passive methods work fine. All the 

islanding simulations investigated in this paper are in the 

“power matching” condition. Islanding is set at 0.2s and the 

simulation duration is 1.2s. Without the f-Q feedback method, 

the frequency will remain about 50Hz after islanding because 

of the high-degree matching between the inverter output and 

the power consumed by the load.   

 Applied with the three-phase f-Q feedback method, the 

results are shown the in Fig.3 with the same simulation 

conditions. 
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Fig. 3.Frequency measured at the outlet of the inverter with f-Q control 

It Fig.3, due to the f-Q feedback algorithm, the reactive 

power increases and the frequency drops after islanding. 

Therefore, the change of the system operating state can be 

detected within 200ms (the threshold is set to be 49.5Hz[36]). 

However, in multi-DG systems, reactive power disturbances 

produced by different inverters may interfere or counteract 

each other. This could make it hard to form the continuous f-Q 

feedback to accelerate the frequency drift and the islanding 

detection might fail. 

In view of the analysis above, the simulation of three 

paralleled inverters connected to a 220kV bus via step-up 

transformers is carried out. The active power output of each 

inverter is 100kW. The reactive power output is determined by 

the frequency difference, that is Qinv=ki(fa−50) Var. In 

practice, considering the relay sensitivity and the system power 

quality, the feedback factor varies for different manufactures. 

To demonstrate that variable feedback factors can result in a 

dead zone of the conventional active islanding detection 

method, factors of the three inverters are set as: for the inverter 

“1”, “2” and “3”  are k1,2 =－3802, and k3 =2*3802 respectively. 

The simulation conditions and parameters are the same with 

each of the single-inverter as shown in Fig.3 above. The 

simulation results of multi-DG system are shown in the Fig.4. 
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a） The frequency of voltage at the outlet of No.1 inverter 
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b） The output reactive power of No.1 inverter 

Fig. 4. The frequency and reactive power curves in multi-inverter system 

derived using the f-Q feedback method. 

As shown in the Fig.4, due to the offset and interference of 

reactive power disturbances from different inverters, the 

frequency curve fluctuates within a narrow range around 50 Hz 

and does not exceed the islanding detection threshold [36],[38]-[39]. 

The outputted reactive power of each inverter fluctuates in a 

small scale and the summation of the output feedback reactive 

power from all inverters is close to zero. On this occasion, this 



active islanding detection method based on inverter 

disturbance will not work. 

III.  ISLANDING DETECTION FOR MULTI-DG SYSTEM 

A.  Rationale of Impedance Estimation Method  

The external injection based method can be used for all the 

DGs (directly grid connected and the inverter grid interfaced) 
[31]. Equivalent schematic of impedance estimation method 

using external centralized disturbances is shown in the Fig.5. It 

applies independent centralized injection at the PCC, other 

than conventional inverter-based injections. 
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Fig. 5.  Schematic of equivalent system impedance under external centralized 

disturbances. 

The measured impedance characteristics at the injection 

point and the basic principle of islanding detection are 

summarized as follows: 

Usually, the equivalent impedance of grid is much smaller 

than that of DG and load in a grid-connected distributed 

generation system because of their capacity differences. 
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where ZGrid, ZDG and Zload are the equivalent grid impedance, 

DG impedance and the load impedance in the high frequency. 

Zislanding is the measured islanding impedance in the high 

frequency.  Before islanding, the measured impedance Zmeas at 

PCC is: 

                   Grid Ιslanding

meas Grid
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Z Z
Z Z

Z Z
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           (11) 

After islanding, the measured impedance Z’meas at PCC is: 

                   meas Ιslanding Grid meas
Z Z Z Z                (12) 

Equations (11)-(12) indicate that the measured impedance 

shows DG impedance, load impedance and the grid impedance 

in parallel during normally operation and this value after 

islanding (load impedance and the DG impedance in parallel) 

will be larger than normal operation. This can be utilized for 

islanding detection. Due to the fact that only one disturbance is 

employed, the mutual interferences of multiple inverters can be 

avoided. 

B.  Impedance Model of Grid-connected Inverter under 

External Disturbance Signals 

The inverter-based DGs normally have a DC boost circuit 

and a three-phase Insulated Gate Bipolar Transistor (IGBT) 

bridge. The Permanent Magnetic Synchronous Generator 

(PMSG) is one of the typical inverter-based DGs. Using 

PMSG as a representation, this paper investigates the high 

frequency impedance model of inverter-based DGs under 

external disturbances.  

Fig.6 shows the configuration of a GE PMSG connected to 

grid via an inverter. The three-phase AC voltage generated by 

the synchronous generator is firstly converted into DC voltage 

(at Cdc) through an uncontrolled rectifier and a boost circuit, 

and then into three-phase AC voltage in the PWM form 

through a 3-phase fully controlled inverter [27]-[37]. 
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Fig. 6. Model of PMSG connected to grid through an inverter. 

The external disturbance-generating device injects transient 

disturbance signal into the system from the PCC. The signal 

flows through all branches of the system as: the main grid, 

loads and PMSGs. For the PMSG, the disturbance signal goes 

through the Choke filter and the inverter into the inner part of 

the PMSG (left side of the dashed line). The uAB is the voltage 

between phase A and phase B of the inverter output. iA and iB 

are the currents of phase A, B respectively, whose positive 

directions are set to be going out of the inverter. The iInj is the 

disturbance signal deriving from the PCC. Its positive 

direction is set to be entering the inverter as the dashed arrow 

shown in Fig.6.  

Within the interested frequency range (several kHz), it is 

assumed that the injected current signal is small (compared 

with the large inherent system current) and superimposes upon 

the inherent current without influencing the actual direction of 

the inherent current. The power electronic devices are 

regarded as ideal device whose on-state is viewed as short 

circuit and off-state as open circuit in the kHz range. 

According to the PWM modulation, the inverter output voltage 

(uAB) is a tri-level PWM wave equivalent to the sine-

modulating wave. The inverter’s output currents (iA, iB) are 

approximately sine waves (include a certain amount of 

harmonics) with a 120° phase difference. 

For a certain phase (such as phase A), the PWM voltage 

waveform of the phase A (uA) corresponds to the on/off 

control of IGBTs (fully controlled power electronic devices) in 

phase A, and the iA decides the on-off state of the freewheeling 

diodes in phase A. The PWM voltage waveform (uA) can 

correspond completely with the actual on-off state of bridge 

arm. When the uA is positive, bridge arm 1 is on; and when uA 



is negative, the bridge arm 4 is on. Then based on iA, the on-

off state of detailed elements in bridge arm can be further 

concluded. When iA is positive, V1 (the IGBT) or VD4 (the 

diode) will be on; and when iA is positive, V4 or VD1 will be 

on. 

According to the single phase analysis above, combination 

of on/off states of all bridge elements of phase A and B can be 

concluded: the high voltage level of uAB (+Ud) corresponds to 

the on-state of bridge arm 1,6 and the V1,V6 are controlled at 

its on-state at this time. Furthermore, utilizing the combination 

of iA and iB’s directions, it can be worked out whether the 

current go through the IGBT or its freewheeling diode. 

Similarly, the low voltage level of uAB (-Ud) corresponds to the 

on-state of bridge arm 3,4 and the zero voltage level of uAB (0) 

means the on-state of bridge arm 1,3 or 4,6. 

Based on all the analyses above, the on-off states of all 

bridge arms and their elements in the whole inverter can be 

concluded from the PWM voltage and current output 

waveforms. There are totally 16 kinds of paths through which 

the disturbance signals enter into the inverter in terms of the 

injection mode referred above (not all 16 paths exist within a 

cycle, depending on the relative phase relation of iA, iB and 

uAB). In the light of the combination of iA, iB’s 

positive/negative directions within a cycle, the paths of the 

injection transient can be classified into four groups ： iA 

positive and iB negative， iA positive and iB positive， iA 

negative and iB positive，iA negative and iB negative. Each 

group contains four signal paths. The Fig.7 shows the four 

signal paths of group 1 (when iA is positive and iB negative). 

The other twelve signal paths can be analyzed in the similar 

way. The rest of the 12 paths are provided in the Appendix. 
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negative). 

The four injection signal paths are shown in Fig.7 using 

dashed lines. The injected signal, superimposed upon the large 

inherent system current, may flow in accordance with the 

direction of system current or opposite to it, bringing no 

change to direction of inherent system current.  

In terms of the external impedance characteristics, all paths 

can be summarized into two categories: a short circuit path and 

a path with the DC capacitor of PMSG as shown in Fig.8. The 

results of all 16 paths can come to the similar conclusion. 

As shown in the Fig.8 b), part of the injected signal can 

flow further into the PMSG (the left part of the dashed line in 

Fig.6) due to the capacitor impedance. When the IGBT of the 

boost circuit is on and the diode in the boost circuit is off, the 

signal will flow directly through the capacitor Cdc and then out 

of the inverter. When the IGBT of the boost circuit is off and 

the diode will be on, a small portion of the injected signal will 

go through the diode rectifier to the synchronous generator as 

shown in Fig.9. 
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a)  Paths that creates a short circuit. 
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b) Paths with DC capacitor in the loop. 

Fig. 8. Two categories paths of the injection signal. 
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Fig. 9.  Equivalent impedance when the IGBT of Boost circuit is off. 

The arrows in Fig.9 show the direction of the injecting 

signal and direction of the resultant current composed of 

disturbance current and the inherent DC charging current. LSG 

is the single-phase equivalent inductor of the synchronous 

generator; Cdc is the DC link capacitor; Ldc is the boost circuit 

inductor.  In the interested high-frequency range (kHz), for a 

typical setting of the PSMG, the reactance of the capacitor can 

be 103~104 times smaller than the reactance of the inductors 

and can be ignored for practical utilization.  In this case, the 

high frequency equivalent impedance circuit is shown in the 

right part of the Fig.9. 

Synthesizing all the analyses above, it can be concluded 

that the whole PMSG’s response to high frequency disturbance 

signals is the inverter’s impedance characteristics. The PMSG 

(or inverter) can be presented by two equivalent impedances 

under external disturbances: the short-circuit impedance and 

capacitance impedance. These two types of impedance appear 



alternately in a high frequency (the same frequency level with 

switching frequency). 

However, under the interested high-frequency range, in the 

view of the considerable capacitance (Cdc), the capacitor 

reactance (XC=1/ωCdc) will be comparable to the short circuit. 

The high frequency impedance model of the PMSG actually 

shows the short circuit impedance characteristics of an inverter 

plus the Choke filter impedance regardless the generator 

output variations and the control loop designs. This model can 

be suitable for PV and any other inverter-based DGs. 

C.   Injection Control and Wide-band High-frequency 

Reactance Calculation 

The proposed transient current injection device is realized 

by utilizing the principle and structure of single-phase full-

bridge inverter circuit as shown in the Fig.10. 

In the Fig.10, a capacitor (charged by a rectifier) provides 

constant DC voltage to the single-phase full-bridge inverter. 

The inverter is connected to phase A and B of the system at 

PCC, via a considerable coupling inductor (L) whose 

inductance value is set according to the magnitude of injection 

current and a grid connection IGBT switch. By controlling of 

IGBTs, a square pulse voltage can be produced, forming a 

triangular current ‘spike’ through the coupling inductor L. 

Width and amplitude of the injection current spike is 

controlled to realize intermittent injections which can reduce 

the distortions to the healthy system. 
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Fig. 10.  Schematic of independent disturbance generating device. 

In terms of injection strategy, this paper proposes a Time 

Domain Low Voltage Condition (TDLVC) injection. It detects 

TDLVC of the voltage at PCC and injects a current spike (iInj) 

into the system at TDLVC and measures the PCC voltage uPCC 

in the meantime for impedance calculation. The uPCC consists 

of the inherent system voltage which is viewed as a noise 

component and the voltage response to the injected current. 

Because of a short injection duration (0.1ms) and a small data 

capturing window, the proposed method can provide good 

signal to noise ratio (SNR) due to the fact that little system 

noise and distortion waveforms are involved for impedance 

estimation. For practical applications, the injection takes place 

when the voltage is within a threshold that is close to zero. 

Within this threshold, the voltage is low and only small 

injection signal is required for correct measurement. The 

TDLVC detection algorithm is overridden during the injection. 

The amplitude of injection current can be modified by 

justifying UAIE and ∆t as shown in the equation (13). The 

current pulse is injected into the system through a coupling 

inductor or an existing transformer. 

AIE

1
Li U dt

L
 

                          
 (13) 

In addition, the grid-connection IGBT is only switched on 

at the TDLVC where the injection takes place and then be off 

after the injection is finished. In this case, the VAIE just need to 

be higher than the maximum value of voltage limited within 

the short injection duration. This reduces the size of the DC 

capacitor and brings more benefit for practical utilization. 

IV.  SIMULATION RESULTS  

The system model similar as shown in Fig.5 is built and 

tested in the simulation to verify the proposed method. The 

PMSG employed in the system is the typical type4 wind 

turbine detailed model provide by Matlab (with GE control 

algorithm) and contains a DC link (synchronous generator, 

diode rectifier and boost circuit)  and a DC/AC IGBT based 

PWM converter [28],[37]. 

The PMSG capacity is 2MW and the RLC load capacity is 

2MW as well (to make the PMSG power match with the load 

demand and this leads to failure of the passive method). Power 

source of the grid side is an ideal voltage source connected to 

an 110kV transmission line and then a 35kV distribution line. 

The π equivalent circuit model is used for all lines (parameters 

of the transmission and distribution lines are set referring to 

the actual power system). The capacity of the transformer on 

the grid side is 50MVA and the capacity of the transformer for 

wind turbine is 6MVA. 

A.  Simulation Analysis for Single-PMSG Condition 

The Fig.11 shows the waveforms of the injected current and 

voltage measured at PCC using the intermittent TDLVC 

injection control. Peak value of the injected current is set to be 

22.5A that is far smaller than inherent system operation current. 

It produces only a small and short disturbance to system 

voltage. The 22.5A peak is chosen to have an accurate 

impedance measurement when system noise is considered and 

add little extra distortions to the system.  
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Fig. 11.  Waveform of current disturbance injected and voltage measured at 

PCC (the cycle in which disturbance is injected). 

Processed with filtering, Blackman windowing, curve fitting 

and FFT algorithm, the inherent system voltage component in 

resultant voltage measured at PCC is further reduced. Results 

of frequency domain impedance estimations (before and after 



islanding) are shown in the Fig.12. The dashed red line stands 

for system impedance result in theory and solid line in blue 

shows the estimated impedance using the model proposed in 

this paper.  Compared with the resistance results, the estimated 

reactance results show good consistency and keep a small error 

with theoretical impedance, especially in the high-frequency 

range. Due to a relative less accurate small value for the 

resistance estimation, only the high frequency reactance value 

is used for the proposed islanding detection.  
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Fig. 12.  Impedance estimation result in frequency domain in steady state and 

islanding state. 

According to the reactance curve in frequency domain after 

islanding, noted with arrow in the Fig.12, no matter in 

islanding state or steady state, the reactance estimation keeps a 

good accuracy. For islanding detection, the system reactance 

value at 4kHz is continuously monitored. This frequency is 

chosen to a) get good SNR, b) be within the bandwidth of 

standard instruments used for this type of operation, c) to 

restrict sample frequencies to those used by standard data 

acquisition equipment. The impedance characteristic in time 

domain is shown in Fig.13. 
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c) Change of reactance with TDLVC injection 

Fig. 13.  On-line impedance characteristic quantity curve in time domain (the 

islanding occurs at 5s).  

As shown in the Fig.13, islanding occurs at 5s. The 

measured resistance and reactance for each sampling window 

is plotted in the time domain. As expected, the measured 

resistance changes after islanding but with large calculation 

errors due to a poor frequency response in the high frequency 

domain.  The Fig. 13 b) and c) demonstrates the reactance 

derived by random injection and the proposed TDLVC 

injection respectively, step change occurs within 0.2s and 

islanding status is detected quickly and effectively. Comparing 

with the results derived using random injection, the reactance 

estimation with TDLVC injection gives more accuracy due to 

less system noise is involved in each of the measuring 

windows. This would lead to improvement in the sensitivity of 

the islanding detection. The proposed injection method takes 

place at TDLVC (about every 10ms) and uses the average 

value of several injection results for islanding detection. This 

can avoid the influence of the system “mode transition 

transients”. 

B.   Simulation for Multi-PMSG Condition and Analysis of 

Signal Noise and Power Quality 

The proposed algorithm is further verified in a multi-DG 

(three PMSGs) situation where the f-Q active islanding 

detective method does not work as presented in the Section II. 

The settings of the three DGs are the same as those introduced 

in the part B of the Section II. Fig.14 a) and b) show the 

estimated reactance result of the system with 3 PMSGs and 1 

PMSG using different control strategies (different Kp and Ki 

parameters) and different rated output powers. Compared with 

the theoretical value, the estimated results are good enough for 

islanding detection. 
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a) Reactance of 3 PMSGs reduced to 4kHz 
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b) Reactance of 1 PMSG with 1% white noise reduced to 4kHz 

Fig. 14.  On-line impedance characteristic in time domain in the case of 3 

PMSGs and 1 PMSG with 1% white noise. 

 As shown in Fig. 14 a), when islanding occurs in the grid 

connected DG system consisted of 3 PMSGs which employ 

different control strategies, the measured impedance obtained 

by the method proposed in this paper changes abruptly within 

0.2s and islanding status is detected quickly and effectively .In 

order to demonstrate that the proposed method is robust to the 



system noises, 1% white noise is added for the results derived 

in the Fig.14. Comparing results in the Fig.14 b) with the 

Fig.13 c) (using the same DG but without noise added), the 

estimated reactance under 1% white noise maintains a very 

small error. This is attributed to TDLVC injection and high 

frequency impedance estimation, by which the inherent system 

voltage components (including fundamental-frequency 

component, noises and harmonics) in voltage measured at PCC 

are reduced to minimum.  

For modeling a DG at the system frequency, the DG source 

output equations (such as the PV battery models) and the 

control logic equations are considered. For different control 

algorithms and source output characteristics, the equations 

vary and it is impossible to build a common model that is 

suitable for all the designs. However, in the high frequency 

range, the injected high frequency transient is bypassed by the 

inverter due to the DC link capacitors (act as short circuit in 

the high frequency) and the model of the DG can be simplified 

by the modeling of the inverters. The other advantage of using 

the high frequency model is that the control algorithm is not 

considered due to the fact that control response time which is 

about several tens to hundreds millisecond is much longer than 

the high transient. Due to this fact, the high frequency model 

of the DG is suitable for DGs with different control settings 

and power ratings. 

Active islanding detection usually brings about bad 

influence to the system power quality. The power quality 

analysis is carried out to prove that the proposed method 

actually bring minimum distortions. The harmonic analysis 

results with and without injection are shown in the Fig.15. The 

solid line in blue stands for harmonic contents of the voltage 

measured at PCC before disturbance injection and dashed line 

in red stands for harmonic contents of voltage with injections. 

For the convenience of observation and comparison, the 

fundamental frequency (50Hz) has been removed (by doing 

this, the detailed changes in the high frequency domain can be 

clearly presented).   
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Fig. 15. Harmonic analysis before and after the injection. 

As shown in the Fig.15, for a non-injection situation, 

harmonics of the system voltage are mainly distributed in the 

low-frequency range and around the switching frequency 

(3kHz). Compared with the solid line without injection, the 

dashed line indicates that disturbance injections bring about 

only a slight rise of harmonics  contents in low-frequency 

range (around 500Hz) and high-frequency range (above 

3.5kHz). This would cause a little increase to total harmonic 

distortion (THD) of the system. The THDs (up-to 50th 

harmonic) before and after the injection are 1.42% and 1.57% 

respectively and within the 5% THD standard requirement [38]. 

V.  CONCLUSIONS 

As distributed generation system with multiple DGs 

develops, conventional islanding detection methods which 

mainly aim at single-DG system are facing challenges. The 

existing methods using centralized injection method normally 

has challenges explaining the system impedance responses and 

this might lead to large error for practical utilization. This 

paper proposed an islanding detection method based on high 

frequency impedance estimation using external centralized 

transient injections. The high frequency impedance model for 

inverter-based DG (represented by PMSG in this paper) is 

provided. The simulation results show good accuracy of the 

proposed model regardless of operating conditions and control 

strategies.  

Using TDLVC injection and wide-band high-frequency 

reactance calculation, a good islanding detection accuracy is 

achieved for multi-DG systems. Moreover, the intermittent 

TDLVC injection control of short tiny current spikes can cause 

little distortions to the healthy power system. 
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Fig. A1  Channel analysis of external disturbance entering inverter(when 

iA is positive and iB positive) 

 

+
C

A

B

C

M

N

Ud

iC

R L

R L

R L

Inverter

Impedance

iInj

V5

VD5

V3

VD3

V1

VD1

V4

VD4

V6

VD6

V2

VD2

iA

iB

：Signal channel 1

：Signal channel 2

：Signal channel 3

：Signal channel 4

Disturbance 

current 

signal

  
Fig. A2  Channel analysis of external disturbance entering inverter(when 

iA is negative and iB positive) 
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Fig. A3  Channel analysis of external disturbance entering inverter(when 

iA is negative and iB negative) 
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