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Nowadays renewable energy sources are used by most of the distributed generations. Because of 
their blessings like clean nature, pollution free, cost free the utilization of them are increasing 
in life style. The key drawback of such renewable distributed generation is associated with 
unintentional islanding development. Islanding will causes in the distributed generation due to 
unintentional opening of main grid. Islanding will causes dangerous conditions to equipments 
and apparatus connected with it. Thus, it is needed that as per IEEE 1547 and UL 1741 
standards within 2 seconds we have to detect the islanding. In this paper a new hybrid islanding 
detection method is presented with low frequency current harmonic injection and over/ under 
frequency relay for inverter based distributed generation. A low frequency current harmonic is 
injected into the system through the q controller of the grid side controller. The injected low 
frequency current component causes the system frequency to deviate during islanding. This 
paper evaluates the performance of this hybrid ROCOF relay when load and generation are 
matched and successfully detecting the islanding. This paper will also clearly differentiate 
between islanding and non islanding events for mixed types of RDGs connected to the grid. The 
test system results, are carried out in MATLAB/Simulink environment shows the strength of 
this method. 
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1. Introduction 

 

Nowadays, the global energy demand is supplied by the combustion of fossil fuel 

resources. Due to continuous combustion of fossil fuels the environment is affecting and 

fossil fuels are decreasing. So the alternate solution for global energy consumption demand 

and pollution free country is the use of renewable energy resources like solar, wind, etc. 

Distributed generation(DG) is the smallest scale power generation source which is 

connected at the consumer level of power system [1]. Most of the DG systems are using 

renewable energy resources and interfaced to the grid with suitable power converters. 

Depending on the nature of the source the energy may be generated in AC or DC forms. 

Due to failures in the grid, if the DG is disconnected from the main grid, the DG along with 

local load forms an islanding [2]. The islanding is unsafe to field persons and equipments 

connected because the servicing persons are not mindful that the frame up is connected and 

supplying with DG near. The main causes of such unintentional islanding are due to the 

failures detected by the grid, accidental opening of circuit breakers at the grid, intentional 

opening of CB for maintenance, human errors and an act of nature [3-4]. The basic grid 

interfacing rules such as IEEE 1547 and UL 1741 needs that, it is necessary to disconnect 

the DG source within 2 seconds, because if the island load is more or less, then it leads to 

variations in the voltage, frequency, current, THD, active, reactive powers outside the 

standards, which may hazardous to customer loads connected to it [4-5]. Different control 
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systems and inverters are implemented to connect DG sources to grid with proper 

synchronization and to inject high quality power into the grid [6-7]. PLCC and SCADA are 

the remote islanding detection techniques; they detect the islanding by gathering 

information from DG side and utility side. Utility side signals are monitored by the PLCC 

[8]. If these signals are not appearing then islanding is detected. On the other hand, 

islanding was detected by SCADA with information from circuit breaker auxiliary contacts. 

The implementation of these methods is very difficult because the cost and implementation 

of other monitoring devices, transmitters and receivers are more [9]. By injecting some 

signal at PCC for some cycles and observing the deviations in the output signal active 

methods will detect the islanding. In the grid connected system, the system absorbs the 

local disturbance and considerable deviations are not observed. However, more deviations 

are observed in the output signal if the system is islanded. [10-13]. By observing these 

deviations the islanding is detected by active methods. The active methods are more 

efficient than passive methods, but they reduce the power quality [14-16]. Large samples of 

data collected from non-islanding and islanding events  such as voltage, current, power, 

power factor, etc. and processing it with the learning algorithms, the islanding is detected 

by machine learning detection techniques. Some popular algorithms such as Artificial 

Neural Networks (ANN) [17], Decision Tree Models (DT) [18], and Support Vector 

Machines (SVM) [19] are used to differentiate between islanding and non islanding 

incidents. In passive techniques, regional parameters such as voltage, frequency, current, 

phase angle, Total harmonic distortion (THD) are monitored at the PCC, if there are 

changes beyond a certain threshold level then islanding is detected [20-24]. Passive 

islanding techniques monitor the parameters like frequency, phase jump, and rate of change 

of reactive power, THD and others to detect islanding [25-28]. The low frequency current 

injected through the DQ controller of inverter based distributed generation presented [29-

30] will work inside the NDZ of a conventional frequency relay. In this paper a new hybrid 

islanding detection method is presented with a passive method of over/ under frequency 

relay and active method of low frequency current injection through the q-controller of the 

synchronous rotating frame controller of the grid side converter. The over/ under frequency 

relay works when the frequency is more or less than 50.5 and 49.5 as per Indian standards 

and the current injection based relay works inside the NDZ of the conventional frequency 

relay. The proposed hybrid ROCOF relay is also differentiating between islanding and non 

islanding events. Furthermore, this technique has no non detection zone (NDZ).  

The rest of the paper is organized as follows. System under the study along with control 

system is discussed in Section II, low frequency current injection based method in III, The 

proposed hybrid ROCOF relay is presented in Section IV, The simulated results, and 

comparison with the existing methods are presented in section V, and conclusions are 

drawn in Section VI. 

 

2.  Test system under study 
 

The test system considered as per Distribution energy sources interconnection 

standards, such as IEEE 1547 [4-5] and UL 1741 is shown in Fig 1. During the grid 

connected mode the CB is closed, DG is synchronized with grid and quality power is 

injected into the grid, but when the CB is opened due to failures in the grid, the DG and 

local load forms islanding, so that customer equipment may damage. During this condition 

islanding should be detected within 2 Sec after creation of the island as per interconnection 

standards. A 100 KW PV array is connected to a 120 KV grid via a DC-DC boost 

converter, three phase three level Voltage Source Converter (VSC) and a step up 

transformer. The PV array uses 330 Sun Power modules (SPR-305E-WHT-D) in which 66 

strings of 5 series connected modules are connected in parallel to produce 1 KW power 
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(66*5*305.2 W= 100.7 KW) with an open circuit voltage of 64.2 V and a short circuit 

current of 5.96 A at 1000 W/m2 sun irradiance and 250C ambient temperature. The boost 

converter uses Maximum Power Point Tracking (MPPT) technique to extract maximum 

power from the panel under irregular weather conditions, which is implemented using 

Incremental Conductance and Integral Regulator technique. The boost converter increases 

the voltage level to 500 V DC and is given to the input of the inverter. Wind farm 1.5 MW 

with doubly fed induction generators consisting and wind turbines. 

 

 
Fig.1. Block diagram of the system under study 

Wind turbines using a doubly-fed induction generator consist of a wound rotor induction 

generator and an AC/DC/AC IGBT- based PWM converter with synchronous reference 

controller [7] [14] as shown in Fig.2. The stator winding is connected directly to the grid 

while the rotor is fed at variable frequency through the AC/DC/AC converter. The DFIG 

technology allows extracting maximum energy from the wind for low wind speeds by 

optimizing the turbine speed, while minimizing mechanical stresses on the turbine during 

gusts of wind. The output of the wind and PV inverters are connected to the low voltage 

bus, and is connected to the grid through circuit breaker and step up transformer.  
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Fig.2. Control system for injecting low frequency current harmonic component 

3. Mathematical modelling of Q-controller current injection based frequency analysis 
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 In this section the current injection through q-control of abc/dq controller is explained 

with mathematical analysis [13-15]. When the harmonic current is injected through the q-

axis controller of Fig.2, the stedy state RDG output currents, after recalling q-axis, 

reference reactive power to zero, can be written as  

*
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i i tRDGq d d

ω
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                    (1) 

The dq frame rotates the system angular frequency. In abc reference frame the currents in 

equation (1) can be written as [32]  
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If the system is stabilized system, the stedy state current of phase “a” from equation (2) can 

we modified as 
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Under steady state situation, the individual current component of the equation (3), can be 

represented in the frequency domain as 
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After post islanding, the voltage at PCC can be written as  
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From (7), the output voltage of DG during islanding is deviated. Fig.3 shows the deviation 

of frequency during pre and post islanding cases.  The allowable value of the magnitude of 

injected low frequency 20 Hz and 30 Hz current harmonics is 1% [13], [32] of the 

magnitude of DG rating in order to nullify the effect on power quality due to external 

disturbance. The change in frequency at PCC is used to detect islanding [15] during loss of 

grid. A three phase PLL is used to measure the frequency at PCC. 

 

 
Fig.3. Injected low frequency current harmonics of 20 Hz, and 30 Hz 

4. Proposed hybrid ROCOF relay development 

The conventional ROCOF relay [31] is shown in Fig. 4. The frequency is found with 

three phase locked loop module (PLL) from voltage signals at the point of common 

coupling (PCC). The effective value of ROCOF is calculated with a measurement window 
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of 500ms, the trip signals are sent to the CB if the calculated effective value of ROCOF,  is 

more than a threshold value. The threshold value for large mismatch between load and 

generation is considered as 10 Hz/sec for a large measurement window of 500 ms. But have 

an advantage, it cannot trips for non islanding cases.  

 
Fig.4. Conventional ROCOF relay 

If the difference between load and generation is less or zero, then the dynamic changes 

in frequency are zero and islanding cannot be detected. To improve the performance of the 

conventional ROCOF relay, and to eliminate the mal operation during non islanding 

situations, the hybrid ROCOF relay shown in Fig.5, is presented in this paper. It has a small 

measurement window of 50ms with low frequency current injection and new threshold 

settings. In this method the deviations in frequency is used to detect worst case islanding 

[25-30]. The deviations in frequency are achieved by injecting a low frequency current 

wave of 1% of DG capacity. By considering the reduced window size of 50ms the 

deviations in the frequency are clearly observed. A low frequency signal of 30 Hz is 

injected through the q-controller of grid side synchronous reference controller of Fig.2. 

Under grid connected operation the injected signal has no effect on frequency at PCC, but 

when the system is islanded the low frequency signal is forced to load through low 

impedance path and leads to frequency deviations. The three phase PLL connected at PCC 

will measure the frequency and the effective value is calculated for every 50ms of time. For 

injected current frequency of 30 Hz, with a large difference between load and generation 

the threshold value is set as 10 Hz/Sec.  
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Fig. 5. Hybrid ROCOF relay structure 

The effective value is calculated for two times for every 50ms and compared with 

threshold. If it is more than the threshold value for two times, then it is treated as permanent 

change and trip signal will send to turn off the inverter. So the total time taken for decision 

making during large mismatch is 100ms. During zero power mismatch condition and non 
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islanding condition the ROCOF compares with a threshold value S2 for two times, i.e.  

100ms, if it is more for two times, then injected frequency is changed to 20Hz and ROCOF 

is calculated for another two consecutive instants. For these two instants if it is more than 

the threshold value of S3 Hz/Sec then it is treated as islanding with zero power imbalance 

condition, i.e. the total time for detecting islanding during low power imbalance is 200ms. 

In non islanding cases it is observed that the effective ROCOF is more than threshold S2 for 

two times but less than S3 for another two times. So there is no possibility of nuisance 

tripping. So the proposed ROCOF has the ability to detect islanding during zero power 

imbalance condition with new threshold settings and there is no possibility of nuisance 

tripping. For non islanding cases ROCOF is less than threshold value S3, then the injected 

signal frequency is reset to 30 Hz and the algorithm is repeated. 

5. Results and discussion 

The voltages, currents, active power and reactive power of the DG during grid connected 

and islanding modes are depicted in Figs. 6 (a-d). The simulation is run for 1.1 sec, and 

islanding is created at 1 sec. The oscillations in wave forms are due to islanding. The hybrid 

ROCOF relay is found to be effective in detecting islanding during zero power imbalance 

condition, islanding is simulated at 1 sec and simulation is run for 2 sec. The performance 

of the proposed hybrid ROCOF relay has tested to a load of half of DG capacity. The 

simulated results are shown in Fig.7 (a-c). The effective value of ROCOF is calculated for 

every 50ms after islanding at 1 sec, and it is found to be more than S1 of 10Hz/sec for two 

successive calculations. As per our algorithm the trip signal is initiated at 1.1sec i.e. 100ms. 

The Fig.8 (a-c) shows the waveforms of a load of 90% of DG. Here the effective value is 

calculated for every 50ms after 1 sec i.e. after islanding. The effective value is found more 

than S2 of 5Hz/sec for two successive calculations. At 1.1 sec the frequency of injected 

current is set to 20 Hz and the calculated effective value of ROCOF is found to be more 

than S3 of 8Hz/ sec for other 100ms and is considered as permanent change and islanding 

detection signal is generated at 1.2 sec. The Fig.9 (a-c) shows the waveforms of zero power 

imbalance condition. Here the effective value is calculated for every 50ms after 1 sec i.e. 

after islanding. The effective value is found more than S2 of 5Hz/sec for two successive 

calculations. At 1.1 sec the frequency of injected current is set to 20 Hz and the calculated 

effective value of ROCOF is found to be more than S3 of 8Hz/ sec for other 100ms and is 

considered as permanent change and islanding detection signal is generated at 1.2 sec. From 

fig (7-9), for zero power imbalance condition the islanding is detected within 200ms and 

large power mismatch loads it is 100ms. Different non islanding cases of capacitor bank 

switching, DG switching, resistive load switching, and fault switching are simulated as 

shown in fig. 10 (a-c), fig. 11 (a-c), fig. 12 (a-c), fig. 13 (a-c). It is found that the effective 

value is less than S2 and these cases are considered as non islanding cases and no trip 

signals are initiated as per our algorithm. 
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Fig.6. Performance during pre and post islanding (a) Voltages of DG (b) DG Currents  

(c) Active power of DG (d) Reactive power of DG 

 
Fig.7. Proposed relay performance when load is half of DG capacity 

(a) Frequency of DG (b) ROCOF (c) Trip signal 

 
Fig.8. Proposed relay performance when the load is 90% of DG capacity 

(a) Frequency of DG (b) ROCOF (c) Trip signal 
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Fig.9. Proposed relay performance when load capacity is same as DG capacity 

(a) Frequency of DG (b) ROCOF (c) Trip signal 

 
Fig.10. Proposed relay performance for capacitor bank switching  

(a) Frequency of DG (b) ROCOF (c) Trip signal 

 

 
Fig.11. Proposed relay performance during switching of another DG of the same capacity 
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(a) Frequency of DG (b) ROCOF (c) Trip signal 

 
Fig.12. Proposed relay performance for resistive load switching  

(a) Frequency of DG (b) ROCOF (c) Trip signal 

 
Fig.13. Proposed relay performance during LG fault switching  

(a) Frequency of DG (b) ROCOF (c) Trip signal 

5.1 Comparison with the Existing methods 

The general ROCOF proposed in the paper works if the difference between load and 

generation are more and it cannot work during generation and load are matches [3], [13]. 

These are not detecting islanding when load and generation are matching. It has a 

measurement window of 500ms and it is not observing the deviations in the frequency 

during islanding due to large measurement window, but has an advantage it cannot trip for 

non islanding cases. The NDZ of a conventional frequency relay is more and is not 

responding to zero power imbalance conditions. The hybrid frequency relay proposed in 

this paper is using a measurement window of 50ms and is having the capability of detecting 

deviations in frequency due to low frequency current injection. Due to low frequency 

current injection the frequency of the system is deviated with some angle. It responds only 

if there is a continuous deviation of frequency for 100 ms for high power difference. For 

less than 100 ms it will treat as a non islanding condition due to switching of loads, 

transients etc. 
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6. Conclusions  

The hybrid ROCOF relay with the proposed algorithm proposed in this paper capable of 

detecting islanding during the DG and load generation are matched and low power 

mismatches. The injected low frequency current harmonic will deviate the system 

frequency and leads to increased oscillations in ROCOF during balanced islanding or zero 

or low power imbalance conditions. To analyze the ROCOF at PCC a measurement 

window of 50ms is sufficient with new threshold settings proposed in this paper than a 

conventional frequency relay of 500ms. This method detects islanding if there is a 

continuous deviation of the effective value of ROCOF for 100ms for more difference 

between the DG and load power and 200ms for zero power imbalances. From the method 

presented in this paper there is no continuous deviation for 200ms during non islanding 

conditions. So it is clearly differentiating between the islanding and non islanding 

conditions and nuisance trips are prevented. The amplitude of injected current is kept 1% of 

DG capacity for maintaining good power quality and unity power factor due to disturbance. 

The different islanding and non islanding cases are simulated and obtained trip signals for 

islanding and non islanding cases. The future work comprises of an anti islanding 

protection with this method and hardware implementation. 
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