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Abstract 
 
This paper presents the analysis and comparison of the main active techniques for islanding 
detection used in grid-connected microinverters for power processing of renewable energy 
sources. These techniques can be classified into two classes: techniques introducing positive 
feedback in the control of the inverter and techniques based on harmonics injection. 
Accurate PSIMTM simulations have been carried out in order to perform a comparative 
analysis of the techniques under study and to establish their advantages and disadvantages 
according to IEEE standards. 
  
Keywords: Distributed Generation, Renewable Energy Sources, Microinverters, Active 
Islanding Detection Methods.  
 

1. Introduction 
 
In recent years, a major global priority is the development of renewable energy. These 
energy sources produce lower pollution in terms of CO2 emissions than conventional fossil 
fuels. From this point of view the distributed generation concept takes importance and it 
represents a paradigm shift from centralized power generation [1-2]. 
 
Distributed generation can be defined as small-scale generators installed near the loads with 
the ability of interacting with the grid importing or exporting energy [3].  
 
Under this scheme, autonomous low power converters called microinverters [4] have been 
developed. The microinverters have the ability of operating both in grid connected mode by 
injecting energy from renewable sources (solar energy, wind energy, fuel cells, among 
others) to the grid, and in islanding mode feeding local loads without grid connection. 
Besides, they can be connected to other inverters with similar characteristics to supply a 
higher number of loads, being easy to expand [5-6]. 
 
When a Distributed Generator (DG) is injecting power to the grid, one feature that should be 
taken into account is the islanding condition. The condition of “Islanding” in DGs is an 
electrical phenomenon that occurs when the energy supplied by the power grid is interrupted 
due to various factors and the DGs continue energizing some or the entire load. Thus, the 
power grid stops controlling this isolated part of the distribution system, which contains both 
loads and generation. Therefore, islanding operation of grid connected inverters may 
compromise security, restoration of service and the reliability of the equipment [7]. 
 
In the case of several DGs connected to a low-voltage power grid, it is possible that the 
amount of energy generated by the distributed system agrees with the amount of energy 
consumed by the loads on the grid. Under this situation, there is no energy flow towards the 



grid and the distributed systems may fail to detect a possible power grid disconnection, so 
that the DGs may continue feeding the loads leading to an “Islanding” condition. In addition, 
when the islanding condition happens, there is a primary security condition which forces the 
generator system to disconnect from the de-energized grid without taking into account the 
connected loads. 
 
The “islanding” effect in inverters may result from a failure detected by the grid and the 
consequent switch opening, accidental opening of the electrical supply because of 
equipment failure, sudden changes in the electric distribution systems and loads, intentional 
disconnection for maintenance services either on the network or in the service, human error, 
vandalism or acts of nature.  
 
There are many reasons why islanding should be anticipated in the distributed generation 
systems connected to the grid. The main reasons are safety, liability and maintenance of the 
quality of the supplied energy. 
 
For the above reasons, islanding detection is an indispensable feature that should be taken 
into account in Distributed Generation Systems and different algorithms have been proposed 
in the last few years to solve it.  
 
Islanding detection techniques can be divided into remote and local ones, and also into 
passive and active techniques [8]. Active techniques resident in the inverter, which are 
discussed in this article, introduce disturbances in the output of the inverter in order to affect 
a certain parameter that comes out of range in an islanding situation.  
 
There are different active methods based on positive feedback in published literature [8], [9-
10]. Some of these methods are: variation of active and reactive power [11], Sandia Voltage 
Shift (SVS) and Sandia Frequency Shift [12-13], Slip-mode Frequency Shift (SMS) [14], 
Active Frequency Drift (AFD) [15], and General Electric Frequency Schemes (GEFS) [16], 
among others.  
 
The paper is organized as follows. First, the grid connected microinverter used to perform the 
study will be described. Second, different active resident methods will be presented. Next, 
these methods will be evaluated with RLC loads according to the standards. Finally, some 
conclusions will be presented. 
 

2. Description of the Microinverter System 
 
Fig. 1 shows the scheme of the microinverter that has been used to evaluate the islanding 
detection algorithms. It is fed by two parallel connected 220W photovoltaic panels. The 
panels voltage is in the range 26-36.7V in the maximum power point (MPP), so that a DC-DC 
stage is needed to raise the voltage supplied by the panels to suitable levels (400V) for grid 
connection of the power processing system. The power stage chosen for this purpose is a 
Push-pull DC-DC converter.  For DC-AC conversion a current-controlled H-bridge bipolar 
PWM inverter [17] with an output LCL filter [18-19] has been chosen. Note that the use of a 
push-pull topology provides galvanic isolation without the need of bulky and heavy low 
frequency transformers. 
 



 
 

Fig. 1. Block diagram of the microinverter.  
 
As it can be observed from Figure 1, the control of the Push-pull converter starts from a 
maximum power point tracker (MPPT), implemented by a P&O (perturb and observe) 
algorithm [20-22]. The output of the MPPT, Vg_ref, is the reference of the PV string voltage, 
Vg. The error between both signals is amplified by a PI voltage controller whose output is the 
control voltage, Vc, of the peak current mode control loop (CIC) [23]. This control voltage 
limits the peak value of the current through the primary of the push-pull transformer, avoiding 
its saturation. In the peak current mode control PWM modulator an external stabilization 
ramp, Se, is added to the sensed transformer current (Sn). FM is the PWM modulator gain; 
this value should be adjusted properly in order to guarantee the stability of the current loop. 
Figure 2 shows the aspect of a conventional CIC loop applied to a push-pull converter. 
 

 
 

Fig. 2. Conventional CIC scheme of push-pull converter. 
 
The PWM inverter has an inner current controller based on a harmonic compensator [24] in 
order to comply with the IEEE 929-2000 standard [25], in terms of the THD of the current 
injected to the grid. The reference of the current loop is made of the sum of two terms:  a 



power-feedforward term used to achieve a fast response of the inverter control with regard to 
changes in the power generated by the panels [26], and the output of the PI controller of the 
inverter DC_link voltage. The resulting sum is the amplitude of the inverter reference current, 
that is synchronized with the fundamental component of the grid voltage by means of a 
phase locked loop (dqPLL) implemented using the synchronous rotating reference frame 
technique [27-28]. Figure 3 shows the dqPLL block diagram. 
 
 

 
 

Fig. 3. Block diagram of the dqPLL. 
 
Table 1 summarizes the nominal values of the microinverter. 
 

Table 1. Parameters of the Microinverter Under Study  
Parameter Values 

Panel voltage variation (Vg) [24V – 36.7V] 
Injected power by panel (Ppv) 430W 
DC_LINK voltage (VDC) 400V 
Inverter output voltage (VO) 230VRMS 
Inverter output frequency (fg) 50Hz 
Push-pull inductance (LX) 11mH 
Push-pull input capacitor (CIN)  470μF 
Push-pull transformer turns ratio (N) 20 
Push-pull switching frequency (fs) 20kHz 
DC_LINK capacitor (CDC_LINK) 1mF 
Inverter inductance (L) 19.1mH 
Inverter output capacitor (C) 600nF 
Damping resistance (Rd) 50Ω 
Grid inductance (Lg) 1.91mH 
Inverter switching frequency (fsi) 20kHz 

 
Table 2 shows the expression of the chosen regulators for both the inner current loops and 
the outer loop, crossover frequencies and phase margins, for the microinverter studied. 
 

Table 2. Summary of the Expressions of the Chosen Regulators, Crossover 
Frequencies and Phase Margins  

Push-pull 

Controller Expression in the continuous time 
Crossover 

frequencies 
Phase 

margins
PWM modulator 

gain ܨெ = 1ሺܵ௡ + ܵ௘ሻ ∙ ௦ܶ = 1ሺ2181 + 30533ሻ ∙  ߤ50
2.63kHz 66.4° 

Voltage controller ݇௣ + ݇௜ݏ = 1.5 + ݏ300  
98.4Hz 89.6° 

Inverter 



Current controller ݇௣ + ݇௛ ∙ ௛ܤ ∙ ଶݏݏ + ௛ܤ ∙ ݏ + ሺ߱௛ଶሻ = 1.04 + 100 ∙ ሺ2ߨሻ ∙ ଶݏݏ + ߨ2 ∙ ݏ + ሺ100ߨሻଶ 1.28kHz 58.6° 

Voltage controller ݇௣ + ݇௜ݏ = 2.5 + ݏ0.04  
10Hz 87° 

 
Apparently, the islanding detection algorithms could be also evaluated by simplifying the 
power inverter by eliminating the MPPT algorithms and the dc voltage regulation loop of the 
inverter (in that case, a constant DC-link voltage should be assumed). However, those 
algorithms can be affected by the islanding detection, and vice versa. Therefore, they have 
been taken into account in this study. 
 

3. Active Islanding Detection Methods 
 
These techniques intentionally introduce disturbances at the output of the inverter in order to 
determine whether they affect voltage, frequency or impedance parameters, in which case it 
is assumed that the grid is disconnected and the inverter must be isolated from the load. 
 
Active techniques have the advantage of remarkably reducing or even eliminating the so-
called Non-detection Zone (NDZ) [7], but in order to achieve their purpose they may 
deteriorate the quality of the grid voltage or even they may cause instability. 
 
Active methods can be classified into: positive feedback based methods and harmonic 
injection based methods. In the following sections, these methods will be discussed. 
 
3.1. Active Methods Based on Positive Feedback 
 
Active methods based on positive feedback present the particularity to affect, in a controlled 
way, the voltage, the frequency and the remaining parameters associated with the inverter. 
In the case when there is a change that produces that the aforementioned variables are 
outside the assigned threshold and the grid is not connected, because of the positive 
feedback the system reaches levels of over/under voltage (OUV) or over/under frequency 
(OUF) [11], so that the islanding situation may be detected. 
 
Some islanding detection techniques based on positive feedback are presented in the 
following. 
 
3.1.1. Variation of active power and reactive power 
 
This method [11] involves injection of active power and reactive power from the inverter to 
the grid system. In an islanding condition the power flow from the inverter to the load affects 
current and voltage in the PCC. The voltage variation with regard to the active power injected 
by the inverter to the load during an islanding condition is obtained starting from the active 
power generated by the DG in an islanding condition, following (1). R expresses the 
equivalent resistance of the load, PDG is the distributed generator power, PLOAD is the load 
power and V is the voltage in the Point of Common Coupling (PCC). 
 ஽ܲீ = ௅ܲை஺஽ = ௏మோ                                                                                                                     (1) 

 
Differentiating PDG with regard to the voltage and expressing it in terms of power it results: 
 ௗ௉ವಸௗ௏ = 2 ∙ ௏ோ = 2 ∙ ට௉ವಸோ                                                                                                              (2)  

 
Hence the voltage variation as a function of power can be expressed as: 



 ∆ܸ = ∆௉ವಸଶ ∙ ට ோ௉ವಸ                                                                                                                     (3) 

  
Since both R and PDG are constant, voltage variation is directly proportional to the variation of 
active power. Hence, it is possible to vary the active power injected by the inverter in order to 
bring the amplitude of the voltage outside the normal operating range and be able to detect 
islanding.  
 
It is necessary to choose carefully when the power is injected because continuous variations 
of the injected power can perturb the Maximum Power Point Tracking (MPPT) algorithms. 
For these reasons, this method involves the injection of active power only when the voltage 
measured at the PCC exceeds a certain threshold value (Vs). 
 
The time needed by the algorithm to detect a fault can be adjusted with a Kv factor that 
increases o decreases dP proportionally to the voltage variation. This value should be 
chosen large enough to detect the islanding situation avoiding overcurrents which may 
damage the system elements. An initial value of Kv can be obtained from Equation 2. The 
reference for the inverter current control loop can be calculated as follows: 
௥௘௙ܫ  = ௗ௉ା௉ವಸ௏                                                                                                                            (4) 

 
Where dP=Kv(V-Vn), Vn and V being the amplitude of the grid nominal voltage and the 
measured actual value, respectively.  
 
Similarly to the relationship between voltage and active power, a strong dependence 
between frequency and reactive power exists, which may be used to develop another 
method of islanding, based on measuring the grid frequency. Since Std. 929-2000 
recommends DG operation near unity power factor, the generated reactive power must be 
zero in normal operation. At the beginning of islanding, Equation 5 remains valid, so that the 
frequency depends on the values of the inductive and capacitive components of the load. 
Therefore, the variation of Q with ω follows Equation 6, where ωo is the resonance frequency 
of the equivalent RLC circuit, Equation 7. 
 ܳ஽ீ = ܳ௅ை஺஽ = 0 = ܸଶ ∙ ቀ ଵఠ∙௅ − ߱ ∙  ቁ                                                                                     (5)ܥ

 ொି଴ఠିఠ೚ = ௗொௗఠቚఠୀఠ೚                                                                                                                      (6) 

 ߱௢ = ଵ√௅∙஼                                                                                                                                 (7) 

 
Solving Equation 6, in order to determine the variation of the frequency as a function of ∆Q 
and setting the frequency of the load at the resonance frequency, it is obtained: 
 ∆߱ = −ܸଶ ∙ ቂ ఠ೚మ∙௅ఠ೚మ∙௅∙஼ାଵቃ ∙ ∆ܳ                                                                                                       (8) 

 
As observed from Equation 8, the frequency variation is directly proportional to the changes 
of reactive power. It can be obtained the expression of ∆f as a function of the quality factor, 
Qf=R•C•ωo, the resonance frequency, fo, and the active power, PDG, in an operation point, 
following Equation 9. 
 ∆݂ = − ௙೚ଶ∙௉ವಸ∙ொ೑ ∆ܳ                                                                                                                   (9) 



 
The reference frequency for the inverter control can be calculated as follows: 
 ௥݂௘௙ = ௚݂ + ௙ܭ ∙ ൫݂ − ௚݂൯                                                                                                        (10) 
 
Where fg is the nominal grid frequency, f is the measured frequency and Kf is a factor that 
allows to accelerate the islanding detection. Kf may be calculated following Equation 6.  
 
Figure 4 shows the whole block diagram of the method, where both active and reactive 
channels are disturbed. 
 

 
Fig. 4. Block diagram of P and Q injection method.  

 
The disadvantage of this method is that it can generate false detections of islanding when 
several inverters are connected to the same point of the grid. Moreover, instability problems 
may appear because the inverter is continuously injecting disturbances into the grid. 
 
3.1.2. Sandia Voltage Shift and Sandia Frequency Shift 
 
This method [12-13] uses a positive feedback loop of the point of common coupling (PCC) 
voltage amplitude, being similar to the active power variation technique. If the voltage 
amplitude (usually it is measured its RMS value) decreases, the inverter reduces its output 
current and thus the output power. Taking into account Equations 1, 2 and 3 derived above, 
it is possible to express the active power variation in terms of the RMS voltage at the PCC 
and of its variation as: 
 ∆ ஽ܲீ = 2 ∙ ∆ܸ ∙ ௏ோ                                                                                                                   (11) 

 
The response time of the algorithm can be adjusted by a factor Kv that increases or 
decreases the inverter current proportionally to the voltage variation. This value should be 
chosen following the same considerations that were described in the active power variation 
method. The reference for the inverter current control loop can be calculated as follows: 



௥௘௙ܫ  = ௗ௉ା௉ವಸ௏ = ௄ೇ∙∆௏ା௉ವಸ௏                                                                                                      (12) 

 
Sandia Frequency Shift (SFS) is based on the positive feedback of the frequency of the PCC 
voltage. When the grid is connected, the method detects and tries to amplify small changes 
in frequency, but the presence of the grid avoids it. When the grid is disconnected, the 
frequency changes produce a phase error. The positive feedback makes, in an iterative 
process, that this error pushes the fundamental frequency of the inverter beyond the 
thresholds of OUF. When the method is implemented, the reference frequency for the 
inverter is calculated as a function of both its value at the previous iteration (n) and its 
variation ∆f. This is expressed as: 
 ௡݂ାଵ = ௡݂ + ௙ܭ ∙ ∆݂                                                                                                                (13) 
 
Where fn+1 is the reference frequency for the inverter in the (n+1)-th iteration cycle, fn is the 
frequency in the n-th cycle and Kf is a constant that allows to accelerate the islanding 
detection. Finally ∆fn is the frequency variation in each cycle. Kf is designed to compensate 
the natural tendency of the system to move to the load resonance frequency when such a 
resonance frequency falls within the thresholds established to detect islanding. 
 
In the (n+1)-th cycle the inverter injects a current with a certain frequency. Therefore, the 
load introduces a sliding phase angle φ corresponding to an interval of time Tps following 
Equation 14. 
 ௣ܶ௦ = ఝଶ∙గ ௡ܶାଵ = ఝଶ∙గ∙௙೙శభ                                                                                                         (14) 

 
Kf is chosen to maintain the sliding frequency below the resonance frequency. In principle, 
this condition implies that, for an increasing shift, the frequency in the (n+1)-th cycle must be 
greater than that one of the n-th cycle, which yields the following condition: 
 

௡݂ାଵ = ൬ ଵ௙೙ା௄೑∙∆௙೙ − ఝଶ∙గ∙൫௙೙ା௄೑∙∆௙೙൯൰ିଵ ≥ ቀ ଵ௙೙ቁିଵ → ௙ܭ > ିఝ∙௙೙ଶ∙గ∙∆௙೙                                                 (15) 

 
Another issue for choosing the value of Kf is the desired time response. This can be 
accomplished by imposing a minimum time variation called shift time, Tf. Therefore, it is 
obtained: 
 

௡݂ାଵ = ൬ ଵ௙೙ା௄೑∙∆௙೙ − ఝଶ∙గ∙൫௙೙ା௄೑∙∆௙೙൯൰ିଵ ≥ ቀ ଵ௙೙ − ௙ܶቁିଵ                                                               (16) 

 
For frequencies close to the grid frequency, the term 2·π·fn·Tf is appreciably greater that the 
phase-shift angle φ, whereas the term (1- fn·Tf) is near one. With these simplifications it is 
obtained Equation 17. 
௙ܭ  ≥ ௡݂ ∙ |ఝ|ାଶ∙గ∙௙೙∙்೑൫ଵି௙೙∙்೑൯∙ଶ∙గ∙∆௙೙ → ௙ܭ ≥ ௙೙మ∙்೑∆௙೙                                                                                      (17) 

 
These methods are easy to be implemented. They provide a good compromise between 
effectiveness of islanding detection, output power quality and reduced effects of the system 
transient response. 
 
One of the main disadvantages of this method is that it slightly reduces the power quality at 
the inverter output. The other disadvantage of SVS and SFS is that these methods may have 



small impacts on the utility system transient response. However, these effects can be 
avoided by decreasing Kv and Kf. 
 

 
Fig. 5. Block diagram of the SVS and the SFS method. 

 
3.1.3. General Electric Frequency Schemes (GEFS) 
 
This method [16] injects a disturbance into the current that is generated by the inverter and 
evaluates the effects on the PCC. The disturbance is added to the control signals in a 
Synchronous Reference Frame (SRF), usually known as DQ frame. The active power is 
proportional to the D axis component and the reactive power is proportional to the Q axis 
component. 
 
Because the microinverter is a single-phase system, the implementation in a DQ reference 
framework is not as obvious as in a three-phase system. However, single-phase quantities 
can be transformed in DQ coordinates by the creation of a virtual Q axis as shown in Figure 
6. 
 



 
Fig. 6. Block diagram of the GEFS method applied to single-phase systems. 

 
In the frequency diagram of General Electric, a bandpass filter (BPF) is used to obtain the 
variation of the iq component. This is done to cancel out the signal noise at low frequencies 
and the DC offset at high frequencies, caused by the positive feedback effect. The bandwidth 
of the filter must be chosen taking into account that standards suggest a time for islanding 
protection of approximately 2 seconds. Therefore, a bandwidth into the range 1Hz-10Hz is 
suitable to filter out the undesired components while respecting the response time suggested 
by the standards. When an islanding condition happens, the injected disturbance should be 
big enough to drive the system to instability, without significantly affecting the closed loop 
stability when the system is connected to the grid. The final element to consider is the limiter, 
which allows specifying the maximum injected current based on two premises: the maximum 
overcurrent capability of the inverter and the minimum power displacement factor that might 
be achieved. In this method, both the magnitude and the phase of the reference current are 
affected, as described by the following equations: 
 I = ටiଶୢ + i୯ଶ	and	ϕ = tanିଵ ቀ୧౧୧ౚቁ                                                                                            (18) 

 i୰ୣ୤∗ = I ∙ cosሺθ + ϕሻ                                                                                                              (19) 
 
This method has the advantages of being easy to implement on a microcontroller, of a 
reduced NDZ, a low impact on power quality, and a high robustness against grid 
disturbances. Nevertheless, injection of the disturbance signals (frequency and voltage) 
should be as small as possible to preserve power quality. 
 
3.2. Active Methods Based on Harmonic Injection 
 
Active methods based on harmonic injection have the particularity of monitoring changes in 
grid impedance after the injection of a particular harmonic or a sub-harmonic [29-31]. They 
are based on the idea that when the grid is connected, its impedance is much lower than that 
of the load. Therefore, the injected harmonic flows into the grid. However, when the grid is 
disconnected, it flows through the load and produces a voltage distortion that can be 
detected. The method, as it has been implemented in [32], is explained in the following. 
  
A second-order harmonic current is injected by acting on the angle calculated by the PLL for 
the inverter synchronization. This is achieved by injecting a sinusoidal signal synchronized 



cycle by cycle which forces to smoothly modify the angle of the inverter current. A feedback 
signal is extracted from the PCC voltage (Vq component) as a result of the injected harmonic 
signal. 
 
Figure 7 shows a block diagram of this anti-islanding method. 
 

 
Fig. 7. Block diagram of harmonic injection method. 

 
The injected harmonic signal, Sinj, is defined as: 
 S୧୬୨ = k ∙ sinሺ2 ∙ θ୔୐୐ሻ                                                                                                           (20) 
 
Where k is the gain used to choose the amount of disturbance necessary for the islanding 
detection, and θPLL is the angle calculated by the PLL. As it can be observed in Equation 20, 
a second harmonic has been entered which will be added to the PLL phase and then scaled 
by the magnitude of the reference current of the system, as shown by Equation 21. 
 i୰ୣ୤ = I୰ୣ୤ ∙ ሾcosሺθ୔୐୐ሻ + k ∙ sinሺ2 ∙ θ୔୐୐ሻሿ                                                                              (21) 
 
The value of k should be chosen taking into account three premises. The first one is that k 
has to be big enough to detect an islanding condition. The second issue is that its value 
shouldn´t be so great to produce an increase in the current THD exceeding the limits set by 
the standards. The third premise is that it should not affect in a significant way the amplitude 
of the reference current. In Equation 21 it can be observed that the perturbation can be 
treated in terms of a percentage of the reference current. In this case it was used a 
perturbation with an amplitude of 1% (k=0.01), which meets the above conditions.  
 
When the inverter is connected to the grid, the consequence of adding k•sin(2•θPLL) is 
observed as a feedback signal in the voltage at the PCC. The feedback signal has the 
double of the fundamental frequency and its amplitude is related to the grid impedance 
value. This feedback signal can be extracted from the voltage at PCC after the Park 
Transformation (from vq). After the transformation, the feedback signal frequency will become 
half of the frequency, as shown below: 
 v୯ = − sinሺθሻ ∙ v஑ + cosሺθሻ ∙ vஒ                                                                                             (22) 
 
Considering a system of orthogonal voltages of the feedback voltage (vα y vβ) due to the 
injected signal and considering α and β voltages, they can be represented as: 



 v஑ = cosሺ2 ∙ θሻ and	vஒ = cos ቀ2 ∙ θ − ஠ଶቁ = sinሺ2 ∙ θሻ                                                              (23) 

 
Replacing the values of Equation 23 in Equation 24 and solving, it is obtained: 
 v୯ = − sinሺθሻ ∙ cosሺ2 ∙ θሻ + cosሺθሻ ∙ sinሺ2 ∙ θሻ                                                                        (24) 
 v୯ = sinሺθሻ                                                                                                                            (25) 
 
The feedback voltage signal can be calculated after Park Transformation through a second 
order band pass filter tuned at the fundamental frequency. After this, the peaks in absolute 
value are detected from signal vq and it is calculated the average value in 50Hz and 5Hz. 
Finally, the difference between the two averaged values is taken to determine whether it is 
inside or outside a certain threshold value. If it is outside the threshold value, it is activated a 
delay to establish if the conditions persists, and in case it happens, islanding condition is 
activated.  
 
The main advantages of this method are: it does not affect the zero crossings of the current 
waveform, the disturbance amplitude is so small that it can be injected without significantly 
affecting the current THD, and it presents a very low NDZ. The method drawbacks are: it 
slightly degrades the quality of the injected power by having a constant disturbance, and it 
can have trouble detecting false islanding during certain grid disturbances whose effects 
might match those of the injected harmonic. 

 
4. Simulation Results 
 
This section presents an accurate simulation study of the different methods described above. 
These simulations were carried out by means of PSIMTM software [33] and tested on the 
microinverter that was presented in section II, following the requirements of IEEE Std. 929-
2000 (type of load and quality factor). In all cases it was used an RLC load with a quality 
factor of 2.5. The values of the RLC load are: R=120Ω, L=153mH and C=67μF. 
 
The microinverter system has been simulated at an MPP of the PV array of Vpv=29.25V, 
Ipv=14.7A (Ppv=430W). The refreshing frequency of the MPPT algorithm is much lower that 
than of the current and voltages loops. All the control loops of the push-pull DC-DC converter 
and of the inverter are operating when the islanding situation occurs at t=0.5s. The simulation 
results show the response of the most important magnitudes of the microinverter during the 
islanding detection. 
 
Figure 8.a. shows the results of the islanding detection method based on the variation of 
active power through the use of voltage feedback. The value of Kv=15 determines the trip 
time. In this graph it is possible to observe how the microinverter disconnection is produced 
in 245ms, complying with the time set by the standards (Maximum trip time = 120 cycles) 
[25].  
 



 
 

Fig. 8.a. PCC voltage (up), RMS Voltage (middle) and islanding detection (down), with Active power 
injection. 

 
Figure 8.b. shows the transient response of the most important electrical variables of both 
the DC-DC converter and of the inverter: 
 
- Ipv ≡ Current supplied by the PV array 
- Vg ≡ Voltage at the PV array 
- ILx ≡ Current through the output inductor of the push-pull converter 
- VDC ≡ Inverter DC-link voltage 
- Iinv ≡ Inverter output current supplied to the PCC 
 

 
Fig. 8.b.Transient response of the most important electrical variables of both the DC-DC converter and 

of the inverter, presented when the active power injection method is operating. 



 
It is observed from Fig. 8.b. that the islanding detection based on variation of the active 
power produces transient voltages and currents in the power converters that are not 
dangerous for the power semiconductors and filtering components. The distortion of the 
current injected by the inverter to the PCC, THDi, is less than 3.33% at full power. 
 
Figure 9, corresponding to the islanding detection method based on variation of reactive 
power through the use of frequency feedback, is analogous to Fig. 8. The value of Kf=4 
determines the trip time. It is observed from Fig. 9.a. that the trip time is 230ms, well inside 
the maximum time defined by standards. 
 

 
Fig. 9.a. PCC voltage (up), frequency (middle) and islanding detection (down), with Reactive power 

injection. 

 
 



Fig. 9.b.Transient response of the most important electrical variables of both the DC-DC converter and 
of the inverter, presented when the reactive power injection method is operating. 

 
It is observed from Fig. 9.b. that the transients during islanding detection are acceptable for 
the power stage. The distortion of the current injected by the inverter to the PCC, THDi, is 
less than 3.33% at full power, and the reactive power is less than 0.68VAR when the 
islanding situation is presented. 
 
Figures 10.a., 10.b., 11.a. and 11.b shows the results of the SVS and SFS methods, which 
have similar characteristics to those presented in the variation of active and reactive power 
methods. 
 

 
Fig. 10.a. PCC voltage (up), frequency (middle) and islanding detection (down), with SVS method.  

 

 
 



Fig. 10.b. Transient response of the most important electrical variables of both the DC-DC converter 
and of the inverter, presented when the SVS method is operating.  

 
 

 
Fig. 11.a. PCC voltage (up), frequency (middle) and islanding detection (down), with SFS method. 

 

 
 

Fig. 11.b. Transient response of the most important electrical variables of both the DC-DC converter 
and of the inverter, presented when the SFS method is operating.  

 
The values of the THDi, reactive power and trip signal for both, SVS method and SFS 
method are presented in the Table 3.  
 
The power injection method and the SVS method have the problem that the DC_LINK 
voltage level can be have values high and dangerous for the components of the 
microinverter, this level is dependents of the size the disturbance injected.  



 
Figure 12 shows the results of the GEFS method. It can be seen that when islanding appears 
there is a variation in the Iq component that makes the reference current to vary in both 
magnitude and angle so that a feedback effect happens. This effect pushes the microinverter 
frequency (or voltage) outside the established limits. 
 

 
 

Fig. 12.a. PCC voltage (up), frequency (middle) and islanding detection (down), with GEFS method. 
 

 
Fig. 12.b. Transient response of the most important electrical variables of both the DC-DC converter 

and of the inverter, presented when the GEFS method is operating. 
 
It is observed from Fig. 12.b. that the transients during islanding detection are acceptable for 
the power stage. The distortion of the current injected by the inverter to the PCC, THDi, is 



less than 3.3% at full power, and the reactive power is less than 3.75VAR when the islanding 
situation is presented. 
 
Figure 13 shows the results achieved by the impedance detection method. Note that when 
islanding situation occurs, the component vq changes as a result of the impedance variation 
at the frequency of the injected harmonic, so that the islanding condition may be detected. 
 

 
Fig. 13.a. PCC voltage and islanding detection, with impedance detection method. 

 

 
Fig. 13.b. Transient response of the most important electrical variables of both the DC-DC converter 

and of the inverter, presented when the impedance detection method is operating. 
 

It is observed from Fig. 13.b. that the transients during islanding detection are acceptable for 
the power stage. The distortion of the current injected by the inverter to the PCC, THDi, is 



less than 3.37% at full power, and the reactive power is less than 1.30VAR when the 
islanding situation is presented. 
 
It is worth to point out that, for all the methods previously analyzed, the THDi never exceeds 
3.5% at nominal power. The method that has most effect about the reactive power is the 
GEFS methods however the amount reactive power produced during the islanding condition 
only was 0.87% of the active power. 
 
Moreover the methods based in harmonic injection (GEFS method and impedance detection 
method) have the trip time most short in comparison with the methods based on feedback 
positive. Additionally these methods present a good transitory response similar to reactive 
power variation method and SFS method.   
 
Table 3 provides information to compare the trip time, THDi and reactive power of the 
different methods. 
 

Table 3. Comparison of the Different Active Methods for Islanding Detection  
Method Trip time THDi Reactive Power 

Active power variation 0.245s with Kv = 15 3.33% 1.37VAR 
Reactive power variation 0.230s with Kf = 4 3.30% 0.68VAR 
SVS 0.231s with Kv = 5.5 3.40% 1.64VAR 
SFS 0.228s with Kf = 3.5 3.50% 0.82VAR 

GEFS 
0.1 to 0.2s as a function of 
the size of the disturbance 

3.30% 3.75VAR 

Impedance detection 
0.1 to 0.2s as a function of 
the size of the disturbance 

3.37% 1.30VAR 

 
5. Conclusion 
 
In this paper an analysis of several active inverter-resident methods for islanding detection in 
single phase photovoltaic microinverters was presented. An important novelty of this study is 
that no simplifications of the power stages (DC-DC converter + inverter) control structures 
have been performed. The simulation results have been obtained with the MPPT algorithm, 
the control loops of the DC-DC converter and all the control loops of the inverter under 
operation. Therefore, the effect of the islanding detection methods on the transient response 
of the electrical magnitudes of the power stages can be evaluated.   
For the same test conditions as established by the IEEE 929 all methods meet the detection 
time. However, positive feedback based methods have a longer trip time than those based 
on harmonic injection. The reason for that is that positive feedback methods need a 
considerable amount of time to reach the UOV or UOF, whereas the methods based on 
harmonic injection detect variations in the impedance of the grid, which allows working with 
smaller detection thresholds. 
It has been observed that no detection method produces dangerous transient overvoltages 
or overcurrents in the power converters and in their filtering components. 
Although all the methods under study are based on disturbing the grid, potentially degrading 
power quality, if the design parameters are carefully chosen, their effects on power quality 
are not significant. 
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