
This is a peer-reviewed, accepted author manuscript of the following research article: Naraghipour, K., Ahmed, K., & Booth, 
C. (2021). New islanding detection method with voltage amplitude variation for inverter-based distributed generator. In 2021 9th
International Conference on Smart Grid (icSmartGrid) (pp. 243-248). [9551234]
IEEE. https://doi.org/10.1109/icSmartGrid52357.2021.9551234

New Islanding Detection Method With Voltage 
Amplitude Variation for Inverter-based Distributed 

Generator  
Kianoush Naraghipour  

Electronic and Electrical Department 
University of Strathclyde   

Glasgow, UK 
kianoush.naraghipour@strath.ac.uk  

Khaled Ahmed 
Electronic and Electrical Department 

University of Strathclyde  
Glasgow, UK 

khaled.ahmed@strath.ac.uk 

Campbell Booth 
Electronic and Electrical Department 

University of Strathclyde  
Glasgow, UK 

campbell.d.booth@strath.ac.uk 

Abstract— In this paper, a new islanding detection method 
for inverter-based distributed generator (DG) is proposed, 
which is based on voltage amplitude variation. The proposed 
method can detect islanding with zero non-detection zone 
(NDZ), negligible consequence on power quality and simple 
performance. A new formula is embedded in the active power 
reference equation to deviate and accelerate the point of 
common coupling (PCC) voltage when islanding occurs. 
Therefore, a passive under/over voltage relay will be sufficient 
to detect islanding within the voltage permissible limit. The 
main benefit of the presented method is its independency from 
the load parameters such as loading quality factor. The 
proposed method is modelled with computer-aided 
SIMULINK/MATLAB software. The presentation of the 
proposed method is considered for a DG system with both unity 
and non-unity power factors. The performance is confirmed for 
different loading quality factors. Furthermore, it is also 
validated the proposed islanding detection method under 
imbalance loading.  

Keywords—Distributed Generator (DG), Over/Under Voltage 
(OUV), Over/Under Frequency (OUF), Non-Detection Zone 
(NDZ), Point of Common Coupling (PCC) 

I. INTRODUCTION 

Unintentional islanding is an undesirable event, which occurs 
after the grid disconnection from a part of system, comprising 
distributed generator (DG) and load [1]. In accordance with 
IEEE 1547‐2018 [2], the DG shall detect the islanding and trip 
in 2 s. The islanding detection methods can be classified 
within remote methods and local methods. Remote methods is 
based on a communication link from the DG to the grid to 
detect islanding. This requires additional communication 
equipment between DG and the grid, which is a costly option 
[3]. The local methods can be further divided into passive 
methods and active methods. The main passive methods 
include OUF, OUV, voltage vector shift, measurement of total 
harmonic distortion and rate of change of frequency [1]. When 
the load and DG powers are balance or even close together, 
passive methods may not be able to detect islanding and  NDZ 
is large [4], which is the major drawback of passive methods. 
In active methods the islanding is detected by injecting 
disturbances into the supply and measurement of system 
response [1], [5]. The major benefit of using the active 
methods compared to passive methods is their negligible 
NDZ, however they scarify the power quality. The most 
applicable active islanding detection methods with voltage 

and frequency deviations are active frequency drift (AFD) [6], 
Sandia frequency shift [7], slip-mode frequency shift [8] and 
Sandia Voltage shift (SVS) [9]. Reactive power variation 
(RPV) is another active method, which has recently received 
significant consideration due to its high performance and 
simple implementation to drift frequency after islanding 
occurs [10]-[17]. In spite of its advantages, it has some 
disadvantages that might occure in a various aspects such as 
difficulty to set its parameters for different conditions, lack of 
synchronization for multi DG operation, suffering from NDZ, 
sacrifice the power quality, and/or complexity in 
implementation. Also, regardless the advantages for RPV 
method, it has less sensitivity than voltage amplitude 
variation, and its islanding detection time are longer than a 
method with voltage amplitude variation. For this reason, SVS 
has a fast islanding detection time in comparison with many 
RPV islanding detection methods. In spite of voltage 
amplitude variation in SVS method with an effective islanding 
detection method performance, it might affect the power 
quality [18]. In [19], an islanding detection method was 
presented based on AFD, which was combined with the 
voltage amplitude variation. As discussed in [19], the AFD 
islanding detection method is unable to perform an islanding 
detection without a composite with voltage amplitude 
variation method. It means none of them is able to have an 
effective islanding detection on their own. Therefore, it can be 
seen that there is a lack of a proper islanding detection method, 
which voltage amplitude variation is based on its 
performance. On the other hand, signal processing methods 
have recently been employed for islanding detection. For their 
negligible impact on power quality, they can be competitive 
with active methods [3]. However, a selection of precise 
threshold value is difficult for these types of islanding 
detection methods, which has a negative influence on an 
effective islanding detection [20]. For these reasons, and with 
regard to the increasing penetration of microgrid [25], [26], a 
proper operation of islanding detection method should be 
updated for a fast performance. 

In this paper, a new method is presented to deviate the 
amplitude of PCC voltage when islanding happens with a 
negligible effect on power quality. Also, the loading quality 
factor has minor effect on the performance of the proposed 
method. Its implementation is simple and independent from 
the load parameters. It relies on the DG rated active power and 
grid voltage, which are directly available. The paper is 
arranged as follows. Section II explains the main 
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criteria/parameters in island mode. Section III proposes the 
new method for islanding detection. Section IV gives the 
results of performance and with simulation for the introduced 
method. 

II. MAIN CRITERIA/PARAMETERS IN ISLANDING MODE 
The system under islanding mode is illustrated in Fig. 1. It 

shows a three-phase gird and a parallel three-phase RLC load 
with an inverter-based DG that is modelled as a three-phase 
inverter after a DC source. The DG interface controllers are 
including two controllers, an inner current controller and an 
outer power controller as depicted in Fig. 2. The instantaneous 
active and reactive powers can be shown in terms of the dq 
axis components, as (1) and (2) [21]. 

 

DC

 _

Pgrid, Qgrid 
(ΔP, ΔQ)Rg Lg Lf Rf

PDG, QDG
circuit 
breaker

VPCC, 
fPCC

R L C

Pload, Qload

 Grid

Inverter 
based 
DG

PCC

 
Fig. 1. System study for islanding mode. 
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Fig. 2. DG interface controller. 
 
During the grid connection, the active and reactive power of 
the load are presented as in (3) and (4). 
 

𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =
𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃2

𝑅𝑅  (3) 
 

𝑄𝑄𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃2 �
1
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Also, the relationship between active/reactive load powers, 
DG and the grid can be expressed as in (5) and (6): 

𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = ∆𝑃𝑃 + 𝑃𝑃𝐷𝐷𝐷𝐷 (5) 
 

𝑄𝑄𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = ∆𝑄𝑄 + 𝑄𝑄𝐷𝐷𝐷𝐷 (6) 

 
Where, ΔP  and ΔQ  are the active and reactive power 
mismatch between DG and load, which are provided by the 
grid. On the other hand, the relationship between rated 
voltage, DG active power and max/min of OUV thresholds 
can be obtained as follows [22]: 
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As shown in (7), if a ratio of power mismatch and rated active 
power is between the abovementioned intervals, OUV relay 
is unable for islanding detection and it is located inside NDZ, 
otherwise OUV relay is able to detect islanding conditions. 

III. PROPOSED METHOD FOR ISLANDING DETECTION 
In accordance with IEEE Std. 929-2000 [23], the OUV 

relay should be set between 88% and 110% of the grid rated 
voltage. Therefore, the boundary of (7) can be obtained as (8) 
[24]:  

−17.36% ≤
∆𝑃𝑃

𝑃𝑃𝐷𝐷𝐷𝐷−𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
≤ 29.13%      (8) 

 

Thus, for a DG with 100 kW rated active power, equation (8) 
can be expressed as: 

 

−17.36 𝑘𝑘𝑘𝑘 ≤ ∆𝑃𝑃 ≤ 29.13 𝑘𝑘𝑘𝑘  (9) 
 

Therefore, the boundary of active load power, when the OUV 
is within its upper and under thresholds limits will be as (10). 

 
82.64 𝑘𝑘𝑘𝑘 ≤ 𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ≤ 129.13 𝑘𝑘𝑘𝑘  (10) 

 

The relationship between PCC voltage, load resistance and 
active load power is illustrated in Fig. 3. It shows that the 
curve between active load power and PCC voltage is 
approximated linear in the intervals 88% and 110% of the 
rated voltage of the grid. 

 
Fig. 3. Relationship between, PCC voltage, load resistance and active load 
power. 
 
Therefore, the curve of the P-V load can be approximated with 
a line within the OUV thresholds. In this case, the magnitude 
of PCC voltage is considered equal to the rated grid voltage, 
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when the active power of the load is balance with rated active 
power of DG as follows: 
 
𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 − 1
𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃 − 1 =

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑  (11) 

 
By differentiating (3) and substituting in the right hand of (11), 
it is obtained: 
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𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃 − 1 =

2𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃
𝑅𝑅   (12) 
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𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 =
𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃

−𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃 + 2 (15) 
 

Equation (15) shows the relationship between active power of 
the load and voltage at PCC. The characteristic of proposed 
method as the new reference for active power of the DG can 
be introduced as (16): 
 
𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟−𝑛𝑛𝑛𝑛𝑛𝑛 =

𝑎𝑎𝑎𝑎𝑃𝑃𝑃𝑃𝑃𝑃
−𝑏𝑏𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃 + 𝑐𝑐 (16) 

 

where a, b, and c represent the characteristic of the new active 
power reference for DG. It is worth noting a, b, and c should 
be set in such that, the DG is able to detect islanding without 
a degradation of power quality during the grid connection. In 
this paper a, b, and c are set at 1.2, 1.4, and 2.6 respectively, 
as (17). Fig. 4 shows the characteristic of proposed method.  
 
𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟−𝑛𝑛𝑛𝑛𝑛𝑛 =

1.2𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃
−1.4𝑉𝑉𝑃𝑃𝑃𝑃𝑃𝑃 + 2.6 (17) 

 

 
Fig. 4. Proposed method characteristic implementation. 

IV. PERFORMANCE OF SIMULATION RESULTS 
In this section, many cases are simulated by using 

MATLAB/SIMULINK software to test the proposed method 
for islanding detection with the circuit as depicted in Fig. 1. 
The grid parameters and inverter controller parameters of DG 
are shown in Table I. An island occurs at t = 0.3 s. Equation 

(17) is employed as the active power reference of the DG for 
islanding detection. 

 
Table I-Grid and DG Parameters. 

Grid Parameters 
Voltage, Frequency 400 V, 50 Hz 

Grid: Resistance, Inductance 0.02 Ω, 0.3 mH 
Inverter Controller Parameters of DG 
Current Controller kp=3, ki = 60 
Power Controller k'p = 1, k'i = 400 

Rated Active Power 100 kW 
 

A. Proposed islanding detection method for different active 
power mismatch 

 
Based on the IEEE Std. 929-2000 [23], the load is set to a 
different active loading such as  25%, 50%, 100%, and 125% 
of rated output of the inverter. The reference reactive power 
of DG is set at zero (unity power factor) and the loading 
quality factor is set at 2.5. The simulated cases parameters are 
shown in Table II. 
 

Table II Parameters of the Load for different active power. 
𝑃𝑃load  
(kW) 

R  
(Ω) 

L  
(mH) 

C  
(μF) 

25 6.4 

2.03 4973.6 50 3.2 
100 1.6 
125 1.28 

 
Fig. 5 shows the PCC voltage magnitude for the active power 
of the load, which is set from 25% to 125% rated active power 
of the DG. The proposed method is able to detect islanding for 
different active power mismatch with very short detection 
time. As illustrated in Table III, despite of different values of 
active power mismatch, all detection times are close together. 
Fig. 5 shows, when the active load power is less than the active 
power of DG, PCC voltage rises. Thus, after islanding, PCC 
voltage moves to the upper of OUV threshold. Also, when the 
active load power is more than the DG active power, the PCC 
voltage drops, therefore it deviates to the lower limits of OUV 
threshold after islanding. Table III shows islanding detection 
times of the various active powers for the load and DG. 

 
 
Fig. 5. PCC voltage performance with the proposed method for different 
active power mismatches. 
 

Table III Detection Time for Different active power mismatch. 
Active load power 

(kW) 
Detection time 

(ms) 
25 11 
50 13 

100 53.5 
125 19.5 
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B. Presented islanding detection method in various reactive 
power mismatch 

 
With the purpose of confirmation, the capability of presented 
method for islanding detection with various reactive power 
mismatch, the impact of PCC frequency change is modelled 
and discussed in section B. The simulated cases parameters 
are shown in Table IV. The reference reactive power of DG is 
set to zero (unity power factor) and the loading quality factor 
is set at 2.5. Also, the active load power and active power of 
DG are balance (∆P = 0).  
 
 
 
 

Table IV Load Parameters for various frequency at PCC. 
fPCC  
(Hz) 

R  
(Ω) 

L  
(mH) 

C  
(μF) 

49.8 
1.6 

2.04 4993.6 
50 2.03 4973.6 

50.2 2.02 4953.8 
 
Fig. 6 shows the PCC voltage performance, when the 
frequencies are set before islanding at 49.8 Hz, 50 Hz and 50.2 
Hz. It shows that the proposed method ability for islanding 
detection in a very short time. As the proposed method’s 
characteristic is based on magnitude of PCC voltage, 
regardless of the PCC frequency value, all three cases are 
moved to the lower value of OUV threshold until islanding is 
detected. Table V shows islanding detection time for different 
PCC frequency.  
 

 
Fig. 6. PCC voltage performance with the proposed method for different 
PCC frequencies. 
 

Table V Detection Time for Different PCC frequency. 

fPCC (Hz) Detection time (ms) 

49.8 55.5 
50 53.5 

50.2 48.5 
 

C. Proposed islanding detection method for unbalanced 
load 

 
In this part, the effect of unbalanced loading on the proposed 
islanding detection method is considered. In the first case, the 
phase a for the active power of the load is set at 115kW and 
the phases b and c for the active power of the load are set at 
100kW. In the second case, phases a and b are set at 115 kW 
and phase c is set at 100 kW. For both cases, the load reactance 
is set for operation at 50 Hz and loading quality factor is set at 
2.5. The reactive power reference of DG is set at zero, 

therefore ∆Q = 0. The simulated parameters are illustrated in 
Table VI. 
 

Table VI Load Parameters for Different unbalanced loads. 

Case R 𝑎𝑎 
(Ω) 

R 𝑏𝑏 
(Ω) 

R 𝑐𝑐 
(Ω) 

L  
(mH) 

C  
(μF) 

1 1.391 1.6 1.6 
2.0372 4973.6 2 1.391 1.391 1.6 

 
Fig. 7 shows the islanding detection for the unbalanced load. 
Case 1 shows the unbalance load between phase a and phases 
b and c, also case 2 shows the unbalanced load for phases a 
and b with phase c. As shown in Fig. 7, the proposed 
islanding detection method can detect islanding for 
unbalanced load with a short detection time. Both cases have 
almost the same detection time and PCC amplitude voltage is 
deviated to the lower limit of OUV threshold. Also, it shows 
that in spite of unbalanced load the amplitude voltage has 
negligible oscillation during the grid connection. It should be 
noted both cases are tested under zero reactive power 
mismatch at 50 Hz, which is a difficult case for islanding 
detection. 
 

 
Fig. 7. PCC voltage performance with the proposed method for unbalanced 
load. 
 
Table VII shows islanding detection time for unbalanced 
load conditions. 
 

Table VII Detection Time for unbalanced Load. 

Case Detection time (ms) 

1 30 
2 30.5 

 

D. Proposed islanding detection method for non-unity power 
factor (𝑄𝑄𝑟𝑟𝑟𝑟𝑟𝑟 ≠ 0) 
Many cases for DG with zero reactive power have been 

tested. In this section, DG generates both active power and 
reactive power together, and the amount of DG reactive 
power is considered 20% of the DG rated active power 
(20kVAr). For the first case, the proposed method is tested 
for balance active power between the load and DG (∆P = 0). 
The PCC frequency is set without the reactive power 
mismatch between the load and DG (∆Q = 0) as well, with 
loading quality factor equal 2.5, as the most difficult case. For 
the second case, the proposed method is modelled with 
aforementioned values and unbalanced load. The simulated 
cases parameters are illustrated in Table VIII. 

 
Table VIII Load Parameters for the DG with non-unity power factor. 

Case R 𝑎𝑎 
(Ω) 
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1 1.6 1.6 1.6 52.04 2.03 4973.6 2 1.39 1.39 1.6 
 
As illustrated in Fig. 8, the presented islanding detection 
method can detect islanding in a short time for both balance 
and unbalanced load, when the DG providing both active and 
reactive power together. Compared to section B, it shows that 
the DG operation with unity and non-unity power factor has 
similar detection time for the most difficult case, when 
active/reactive power mismatch is zero. Also, a comparison 
with part C shows that the DG operation with unity and non-
unity power factor has almost the same detection time for 
unbalanced load. Table IX shows islanding detection times 
when the DG is generating both active and reactive power 
together. 
 

 
 
Fig. 8. PCC voltage performance for balance and unbalanced load and the 
DG with active/reactive power. 
 
Table IX Detection Time for the DG with active/reactive power generating. 

Case Detection time (ms) 

1 54 
2 30 

 

E. Proposed islanding detection method for different 
loading quality factors 

 
As stated in the IEEE Std. 929 [23], the loading quality factor 
can be equal or less than 2.5 (Qf ≤ 2.5) . Therefore, the 
proposed islanding detection method is tested for different 
loading quality factors. The condition of DG is set for the 
most difficult case, when active/reactive power mismatch is 
zero. The simulated cases parameters for different loading 
quality factors are illustrated in Table X. 
 

Table X Load Parameters for different loading quality factors. 
fPCC  
(Hz) 𝑄𝑄f  

R  
(Ω) 

L  
(mH) 

C  
(μF) 

50 

0.5 

1.6 

10.18 994.7 
1 5.09 1989.4 

1.5 3.39 2984.2 
2 2.54 3978.9 

2.5 2.03 4973.6 
 

Fig. 9 shows the PCC voltage performance for different 
loading quality factors after islanding occurs. Fig. 9 proves 
that the proposed method has the capability for islanding 
detection under different loading quality factors. Fig. 9 shows 
a change in the values of loading quality factor has minimum 
effect on the islanding detection time. Also, it presents that 

increasing loading quality factor does not have any effect on 
the PCC voltage performance. In other words, regardless the 
value of loading quality factor, there is no impact on the 
power quality, during the load and the DG connection to the 
grid. Table XI shows detection time for the various loading 
quality factors. 
 

 
Fig. 9. PCC voltage performance for different loading quality factors. 

 
Table XI Detection Time for a Various Loading Quality Factors. 

𝑄𝑄f  
Detection time 

(ms) 
0.5 33 
1 33.1 

1.5 43.5 
2 37.5 

2.5 53.5 
 

V. CONCLUSION 
 
A new islanding detection method with voltage amplitude 
variation has been presented in this paper. The characteristic 
of presented method is independent from the load variables 
and PCC frequency. Therefore, its implementation is simple, 
and its parameters can properly be set for any DG with 
different rated active powers. Many cases have been 
examined to confirm the proposed method performance. An 
OUV relay is adequate to detect islanding for a DG equipping 
with the proposed method, which reduces the complexity and 
the cost of its implementation. The proposed method has zero 
NDZ for a wide range of loading quality factors. In addition, 
it has the capability of maintaining stable operation under 
unbalanced load conditions. The proposed method has 
superior performance when there is zero mismatch between 
the DG and load. The detection times are very short for all 
cases, and a change in the load conditions such as increasing 
loading quality factor has minor effect on the detection time. 
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