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Abstract: The passive methods have a large nondetection zone (DNZ) and a long detecting
time. In addition, the threshold of the passive method is difficult to set. However, the
active method will affect the power quality. So, an novel islanding detection method based
on S - transform(ST) and neural network was proposed. In this method, ST was adopted to
extract feature vector from the voltage of the point of common coupling (PCC), and then
the feature vector is sent to the neural network after training to determine whether islanding
occured. The simulation results show that the islanding can be detected accurately and
quickly even when the power is perfectly matched, and in the presence of disturbances
such as grid voltage fluctuation, harmonic disturbance, load switching, grid fault, etc.
Avoid the problem of false tripping caused by various disturbances.

1. Introduction

With the development of society, the demand for energy is growing, distributed generation (DG)
gradually plays an increasingly important role in the power system, but also brings a lot of problems,
islanding detection is one of them [1]. Island state will be dangerous to the power system
maintenance personnel and users, and it will cause some security risks for the equipment. Therefore,
when the island occurs, you must quickly detect the island state and stop the DG supply to load.

At present, many methods have been proposed for island detection, which are mainly divided
into three kinds: island detection methods based on communication, active methods and passive
methods. The islanding detection methods based on communication [2] ,which not only have no
nondetection zone, but also can detect accurately and reliably. however the cost is high,and it can
not be applied in the large-scale. Passive methods [3-4] does not affect the power quality, but the
detection time is long and the nondetection zone is large. The active method [5-6] has a small
nondetection zone and a fast detection speed. However, due to the introduction of the amount of
disturbance, it affects the power quality and is prone to failure due to the dilution effect [7] in the
case of multiple inverters.

With the popularity of distributed generation system and the increasing demand for power quality,
it is of practical significance to study the pure passive method which has no effect on power quality.
Literature [8] is an islanding detection method based on discrete wavelet, but the threshold is
difficult to determine. In [9-10], wavelet and decision tree are used to detect the island, but the
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computational burden of the algorithm is greatly increased due to extract the feature quantity of the
three-phase voltage and current signal at the same time. In [11], the wavelet is used to extract the
characteristic values of the voltage and current signals, and then through the neural network for
judgment. However, when the neural network is trained, the voltage fluctuation, harmonic
disturbance and failure are not fully considered, which would cause misjudgment problem. In [12],
the feature vector is extracted from the PCC point voltage by wavelet packet, and then the neural
network and the support vector machine are used to detect the island. However, the above methods
have the choice of mother wavelet. In [9] and [11] , dB4 wavelet is chosen as the mother wavelet. In
[12], dBS5 is chosen as the mother wavelet and [13] uses Biorthogonal 1.5 as the mother wavelet. In
[14], a new wavelet is designed specifically for islanding detection, but this wavelet has not been
verified by engineering. At present, there is no definite basis for the selection of mother wavelet.
Most of them are based on experience and experiment, and different mother wavelet has a great
influence on the analysis result.

S transform and wavelet transform are multi resolution analysis methods, but wavelet transform
is not strictly in the sense of time-frequency analysis, it does not exactly correspond to the
frequency, and S-transform can correspond to frequency [15]. And S transform is no problem of
selection of mother wavelet compared with wavelet transform. Wavelet transforms extract low-band
information layer by layer, but it can lose high-frequency information with large number of feature
information, and S-transform can directly select the desired feature frequency band. In [16], the
effect of S-transform and wavelet transform on islanding and power quality detection is compared.
It is proved that the performance of S-transform is better than that of wavelet transform.

In order to solve the above problems, this paper proposes an islanding detection method based on
S-transform and neural network. The S-transform is used to extract the characteristic quantity of the
three-phase voltage of PCC. The neural network is used to determine whether or not the island has
occurred and then send the trip signal.At the same time, we fully consider the influence of various
disturbances on island detection under different power flow conditions, and avoid the problem of
erroneous trip. By modeling and verifying on MATLAB, this method can accurately and quickly
determine the island and non-island state in 20ms under different load conditions and various
disturbance conditions.

2. S-Transform

The S-transform is evolved from the combination of wavelet transform and short-time Fourier
transform (STFT), first proposed by R.G.Stockwell et al. In [15]. The mathematical expression is as
follows:

S =[ " g(ta(r—1,v)e™de (1)

In equation (1): T and v are the time and frequency of the S domain, w(r-1t,v)=

all in the unit area frequency v of the generalized window function.

It can be seen from (1) that the advantage of S transform with respect to STFT is that the height
and width of the Gaussian window vary with frequency. Which has a higher frequency resolution
for the low frequency signal and has a higher temporal resolution for the high frequency signal. And
the S-transform spectrum is directly related to the Fourier spectrum, maintaining the absolute phase
information of the signal.
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3. Proposed Island Detection Method
3.1. Detection method flow

The equivalent impedance of the system observed by the DG side before and after the occurrence
of the island is significantly changed, and the PCC point voltage will be affected by the PCC point
harmonic current and the equivalent impedance [12], so when the island occurs that the PCC
voltage will contain a large number of feature information , So this paper chooses the PCC point
voltage signal sampling to carry out island detection.

In this paper, the islanding detection method was shown in Figure 1. Firstly, the three-phase
voltage signal of the PCC point is sampled and the signal is transformed by ST. Then the feature
vector is extracted according to the result of S transform. Finally, the neural network is used to
judge whether the island has occurred.
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Figure 1 Flow chart of the detection method.
3.2. Extraction of feature vector

Considering the accuracy of the algorithm, the detection speed and the actual hardware
implementation conditions, set the sampling frequency to 10KHz. The figure 2 is the A phase
voltage signal of PCC point when the island occured,. Figure 3 is its modulus time-frequency
diagram after S transformation. The simulation time is 0.1s and the island occured at the 0.06s.
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Figure 2 voltage waveform of PCC.
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Figure 3 time-frequency diagram.

Since the sampling frequency is 10KHz, according to the Nyquist sampling theorem, the vertical
axis represents 0 ~ S000Hz frequency. It can be seen that most of the feature information is included
in the frequency band of 250 ~ 3000Hz when the island is occured. In many cases, all the
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simulation results can satisfy the feature.So take this band for feature frequency band.

The three-phase voltage signals of PCC are respectively taken by S transform, and the selected
frequency bands in one cycle are calculated and extracted, and the following four feature quantities
are extracted:

(1) the sum of the infinite norm of the three phases;

(2) the sum of the three-phase average;

(3) the sum of the three-phase mean square error;

(4) the sum of the three-phase maximum.
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Figure 4 The flow chart of feature quantity extraction.

Figure 4 is the extracted method of feature quantity , the calculated four feature quantities
constitute the input feature vector of the neural network. In order to simplify the flow chart , which
only shows processing of the a-phase voltage ,the processing of the b-phase and the c-phase is the
same as that of the a-phase.

3.3. Neural network structure

Neural network unique non-linear adaptive information processing capabilities to the pattern
recognition, intelligent control, prediction and other fields have been successfully applied. The use
of its powerful system identification capabilities can solve the difficult problem of the threshold
setting in the traditional passive islanding detection methods. BP network is a multi-layer
feedforward neural network. At present, in the practical application of artificial neural network, the
vast majority uses the BP network and its change form.

However, BP network has some problems such as slow convergence and local minima, in order
to overcome the shortcomings of BP algorithm, this paper adopts the quasi-Newton
algorithm.which is the improved algorithm of BP algorithm. The network structure includes input
layer, hidden layer and output layer. Transfer function using logsig function, because the extracted
feature vector is four-dimensional, the input node is set to four. And the output only island and
non-island two states, so the output node is set to 1. The number of hidden nodes is chosen
according to the empirical formula (2). Finally, after repeated simulation experiments to determine
the number of hidden layer nodes is 10, this time training speed and recognition accuracy have
achieved very good results.

n=+ni.no+a (2)

In the formula (2), nis the number of hidden nodes. niis the number of input nodes, 7. is the
number of output nodes, and ais any constant between 1 and 10.
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4. Experimental Simulation
4.1. Simulation system model

Simulation model shown in figure 5, the distributed generation system using photovoltaic power
generation system, the large power grid uses the source with programmable three-phase voltage.

Figure 5 Simulation model diagram.

In this paper, the effects of load mutation, grid voltage mutation, harmonic disturbance, single
phase to ground fault (AG), phase short circuit (AB), two-phase ground fault (ABG), three-phase
ground fault (ABCG) and so on to the islanding detection are simulated.

4.2. Training of neural network

The distributed generation (DG) system can be run in three different modes:

(1) the power required for the load is greater than DG, the grid and DG supply to the load at the
same time;

(2) the load and DG power exactly match, only DG power supply to the load;

(3) DG power is greater than the load required power, the load is fully supplied by the DG, and
DG supply power to large power grid at the same time.

In this paper, we set different load values in these three modes to simulate the normal connection,
the island and various disturbance mentioned in Section A. A total of 104 sets of data were
simulated for neural network training, and 110 sets of data (including 50 islands and 60 non islands)
were simulated to test the performance of the method described in this paper.

5. Simulation Result and Analysis

The simulation waveform is shown below. It shows only the island state where the DG output
power is very close to that of the load. The waveforms of the four cases including island, the grid
voltage drop, AG and load mutation are shown below. The load parameters are set to: P = 23KW,
QL = QC = 0, and the power mismatch rate is only 3%.

33



0.02 0.04 0.06 0.08 0.10

O S oS
-5005 0.02 0.04 006 0.08 010 0.12
SOE‘ (c)

o‘) =

5% 0.02 004 006 008 0.10 0.12

(d)

4

ol

0 0.02 0.04 0.06 008 010 012

0.02 004 006 008 0.10

(C))

0% 602 004 006 008 010 012
x 10 (c)
ol
ol
0 0.02 004 0.06 0.08 010 0.12
(d)
N
0 : : : : ‘ :
0 0.02 004 0.06 0.08 010 0.12

(e)
t/s

Figure 8 the waveform when AG.
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Figure 9 the waveform when the load changes.

Figure 6 shows the waveform after island occurs when circuit breaker is off in the 0.06s. (a)-(d)
show the output of PPC voltage, inverter current, grid voltage, grid current and neural network
output, respectively .due to load and DG power mismatch is very small, so the island before the grid
current is very small, the island after the PCC point voltage amplitude has not changed, The grid
current drops to zero. After a cycle of islanding, the neural network detects the island state to issue a
trip signal to the inverter. The PCC voltage and the inverter current are reduced to zero and the
detection time is only 0.02 s.

Figure 7 shows 0.06s when the grid voltage drop 60%, the grid current with the rapid rise, PCC
point voltage drops rapidly, but it is non-island state, so the neural network output is still zero, did
not send the trip signal.

Figure 8 shows the waveform when the single-phase ground is short when it is 0.06s. It can be
seen that a phase voltage drops close to 0 in the PCC point when a phase grounding short circuit
occurs, the a-phase current of the power grid increases rapidly. But it is non-island state, so the
neural network continues to output zero, the detection is correct.

Figure 9 shows the waveform of local load increase, when the load increases after the DG
provided by the power can not meet the needs of the load, so the grid current to the load
transmission power. But this time also belong to the non-island state, so the neural network to
continue to output zero, the detection is correct.

Through the detection of the test samples, it is proved that this method can detect the island state
accurately and quickly in various power flow and various disturbances. The algorithm detects only
one power cycle of 0.02 s, fully satisfying IEEE Standard 1547 [17] less than the detection time
requirement of 2s.

6. Conclusion

In this paper, an island detection algorithm based on S transform and neural network is proposed.
The time - frequency analysis ability of S - transform is used to extract the transient feature quantity
of the island and various disturbances, and then the neural network is used to identify the island and
the non - island state. A large number of simulation results show that the method described in this
paper can accurately and quickly judge the island state even when the power mismatch is small and
the existence of various disturbances,and it has no any effect on the power quality.
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