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A Multiswitch Open-Circuit Fault Diagnosis of
Microgrid Inverter Based on Slidable

Triangularization Processing
Zhanjun Huang and Zhanshan Wang , Senior Member, IEEE

Abstract—In this article, a robust inverter fault diagnosis al-
gorithm is proposed under microgrid environment considering
unbalanced state and overcurrent component interference. First,
the detected signals are transformed into different data triangles
by the proposed slidable triangularization processing which can
conveniently and effectively extract the multiscale trend features
and data jitter components. Further, the signed features are ob-
tained by the proposed jitter signing processing method, which
can reduce the influence of amplitude, and facilitate the logical
operation and mixed operation. Then, a quantitative trend fault
degree is calculated by the signed information to reflect the fault
degree and location information, which has the characteristics of
quantitative change. It can reduce the fluctuation and quantity of
fault data features. Finally, echo state network is used to implement
the intelligent classification. Because the design of hidden layer
and the network training speed is simple and fast, which makes
the design, implementation, and debugging of fault diagnosis more
convenient. Compared with the existing fault diagnosis algorithms,
it is robust to unbalanced state and overcurrent component in-
terference of microgrid. These features make it more suitable for
inverter fault diagnosis of microgrid environment. The effective-
ness of fault diagnosis algorithm is verified by the experiments and
comparisons.

Index Terms—Fault diagnosis, features extraction, jitter signing
processing (JSP), microgrid inverter, slidable triangularization
processing (STP).

I. INTRODUCTION

M ICROGRID unit mainly includes dc sources, battery, in-
verter, inductance capacitance filter, transmission lines,

and bus, as shown in Fig. 1. It can bring many practical advan-
tages such as mitigation of peak demand, reducing emission,
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Fig. 1. Main structure of a microgrid inverter.

improving reliability, and power quality through appropriate
control strategies [1], [2]. However, microgrid has many chal-
lenges [3]–[9], e.g., open-circuit fault diagnosis of microgrid
inverter is one of them. Accurate open-circuit fault diagnosis
approach is the key step for improving reliability of microgrid.

In recent years, the open-circuit fault diagnosis of inverter
has been widely studied [10]–[19]. Wu et al. [10] proposes a
a− b trajectory method of open-circuit fault based on the math-
ematical models of three-phase balanced inverter system, which
uses the difference from each other to realize the diagnosis.
In [11], the distortion observer is obtained by the normal model
analysis. Then, the estimated distortions are compared with the
threshold value to determine the fault condition. An et al. [12]
build a mixed logical dynamic model based on balanced state to
estimate the error between the expected and the detected currents
for fault diagnosis. Freire et al. [13] propose an instantaneous
maximum value of the three-phase current absolute values as a
new normalizing quantity under the assumption of a perfectly
balanced three-phase sinusoidal current system, which can re-
alize many kinds of fault diagnosis, like open-circuit fault and
current sensor fault of inverter. Wu et al. [14] define Allelic
Points to measure the symmetry of detected signal, and the
main feature of asymmetry of fault data is used to diagnose
the fault. In [15], the average absolute values are used as princi-
pal quantities to formulate the diagnostic variables to compare
with the threshold of theory model under three-phase balanced
condition. Zhao and Cheng [16] use the current Park’s vector
method to normalize the detected current signals, which are used
to calculate the ratio of moving average and absolute moving
average of phase currents as diagnostic variables. When failure
occurs, the asymmetrical feature is effectively extracted. In [17],
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Fig. 2. Feature comparison of experimental results for s2 open-circuit fault
state and overcurrent component interference. (a) s2 open-circuit fault state.
(b) Overcurrent component interference.

the summation of currents with semiperiod phase-difference is
used as diagnostic variables; then the normalized way based
on the absolute phase currents and variable parameter moving
average method are applied to improve the diagnostic speed.
In [18], the current Luenberger observer model is implemented
to estimate the current signals, which are used to compare
the average and rms of the detected currents to extract fault
component. In [19], a normalized phase current based on Park’s
transformation is used to calculate the average value; it reflects
the symmetry feature of the detected signals.

Above methods in [10]–[19] show better performance for
open-circuit fault diagnosis of inverter. However, when the
related methods are applied to the fault diagnosis of micro-
grid inverter, there are still many practical problems, such as
microgrid unbalanced state [20]–[22] and overcurrent com-
ponent [23]–[25]. For unbalanced state of microgrid, it can
cause the amplitude asynchronous and uncertain relationship
of three-phase currents. In fact, many methods [10]–[16] are
based on three-phase balanced state to analyze the model and
obtain the related conclusions or threshold, e.g., the trajec-
tory of two output currents is an ellipse in the cartesian co-
ordination under assumption that three phases are balanced
in [10], max|ia|, |ib|, |ic| ≈ Im[

√
3
2 + (1−

√
3
2 )|cos(3ωt+ φ)|],

ia + ib + ic = 0, in [13], and so on. Hence, if they are used
directly in unbalanced state of microgrid, which may cause some
adverse effects.

On the other hand, the overcurrent component is the inter-
ference of inverter fault diagnosis. It emphasizes a kind of
interference feature that the current of part phase increases
sharply in a short time and leads to strong asymmetry, which is
similar with the part features of the open-circuit fault of inverter.
Fig. 2 shows the feature comparison of experiments for s2
open-circuit fault state and overcurrent component interference,
respectively. In Fig. 2(a), it can be seen that when s2 open-circuit
fault occurs, the current signal loses the symmetry feature. This
feature is widely used for inverter switches fault diagnosis by

various mathematical ways [15], [16], [17], [18], [19]. They
are sensitive to asymmetric features. When open-circuit faults
occur, their diagnosis variables show obvious changes which can
effectively identify open-circuit faults. However, in Fig. 2(b),
it can be seen that when overcurrent interference appears, the
current signal also loses the symmetry feature, which is similar
with open circuit. This similar feature may lead to uncertain
fluctuations of fault diagnosis features and results, even false
alarm for some diagnosis methods based on symmetry features.
It can be seen from the above analysis, that there are many
difficulties for inverter fault diagnosis in microgrid. Unbalanced
state and overcurrent component of microgrid have seriously
negative effects on inverter fault diagnosis, which would lead to
the unavailability of many observer models and basic conclu-
sions, and the difficulty in threshold selection and fault feature
extraction.

Hence, in order to improve above problem, and make the fault
diagnosis of inverter more suitable for microgrid environment,
a robust multiswitch open-circuit fault diagnosis algorithm for
microgrid inverter considering unbalanced state and overcurrent
component interference is proposed in the article. The proposed
algorithm mainly includes slidable triangularization process-
ing (STP), jitter signing processing (JSP), the calculation of
quantitative trend fault degree, and echo state network (ESN).
Particularly, STP is mainly used to extract the multiscale trend
features, data jitter components, and key points and reduce the
startup times of diagnosis method by transforming the detected
data curves into different data triangle. JSP is used to avoid the
influence of amplitude and facilitate the calculation by signing
multiscale trend feature and relative position information. The
quantitative trend fault degree is calculated to reflect the degree
of trend fault and fault position information. ESN is used to
detect the type and the location of the inverter switch fault. The
main contributions of this article are summarized as follows.

1) STP method is proposed which mainly uses the triangle
to describe data curve and extract quantitative key fea-
tures’ information. It can extract multiscale trends of the
divided curves, key points, and data jitter components
conveniently and effectively. Meanwhile, because the fault
diagnosis algorithm is driven by the slidable triangle, it can
reduce the startup times and facilitate the corresponding
calculation.

2) JSP method is proposed, which can sign the extracted key
information by the jitter component. It can prevent key
information from the influence of amplitude, and facilitate
the logical operation and mixed operation.

3) A feature variable for quantitative trend fault degree is
proposed, which has the characteristics of quantitative
change. It can effectively reduce the fluctuation and quan-
tity of fault data features. Meanwhile, only one variable
contains trend fault degree and location information. It is
conducive to the stability of diagnostic results. In addition,
ESN is used together with this variable to make the design,
training, implementation, and debugging of fault diagnosis
more convenient.

This article mainly focuses on the research of fault diagnosis
of inverter, which is important for microgrid. Compared with
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the operation environment of motor drive systems, the operation
environment of microgrid is more complex, and the unbalanced
state and overcurrent component are more common, which have
seriously negative effects on inverter fault diagnosis. Hence, the
research object is the microgrid inverter in this article, which fo-
cuses on the robustness of the fault diagnosis against unbalanced
state and overcurrent component interference of microgrid. In
principle, the method is presented in the microgrid, but it can
also be used for many other applications by further considering
the other required features.

This article is organized as follows. The proposed fault diag-
nosis algorithm is described in Section II. Section III shows the
experimental results. The conclusion is provided in Section IV.

II. PROPOSED FAULT DIAGNOSIS ALGORITHM

Through the above analysis, it can be understood that in order
to improve the robustness to unbalanced state and overcurrent
component interference, the proposed diagnosis algorithm need
to avoid using the related features of symmetry, amplitude,
component missing, and the model analysis of three-phase
balanced state. Hence, it is necessary to solve this problem
from other ways. First, the flowchart of function module for
the proposed algorithm is given in Fig. 3. The proposed fault
diagnosis algorithm mainly includes STP, JSP, quantitative trend
fault degree, and ESN module.

The sampling model of detected signal is described as follows:

Xφ(i) = Iφ(i · r) (1)

where Iφ is the detected current signal, φ represents the different
phases, Xφ refers the sampled discrete data, r is the sampling
interval, and i is the sampling point. If the data can be virtually
folded p times, the data will be divided into N ′

c curves and N ′
p

fold points

N ′
c = 2p (2)

N ′
p = 2p + 1. (3)

The space of fold points Sp is obtained by

Sp =

[
N − 1

N ′
c

]
=

[
N − 1

2p

]
(4)

where [·] is the integer processing. Further, the location P i
v(i

′)
of any fold point i′ can be represented as

P i
v(i

′) =
[
(i′ − 1)N + 2p · i− i′ + 1

2p

]
, i′ ∈ [1, N ′

p]. (5)

If each curve corresponds to a fold line, the end Pe(i) of fold
line starting with i is P i

v(2)

Pe(i) = P i
v(2) =

[
N + 2p · i− 1

2p

]
. (6)

The center value D̂φ(i) for sampled data with i location can be
obtained by average processing with 2L+ 1 length

D̂φ(i) =
1

2L+ 1

i+L∑
n=i−L

Xφ(n). (7)

Fig. 3. Flowchart of function module for the proposed fault diagnosis
algorithm.

Then, the fold line starting with i can be expressed as

Fφ(i) :
[
(i, D̂φ(i)), (Pe(i), D̂φ(Pe(i)))

]
. (8)

If two adjacent curves form a large curve, the fold line corre-
sponding to this large curve ending with i can be expressed as

BFφ(i) :
[
(i− 2 · Sp, D̂φ(i− 2 · Sp)), (i, D̂φ(i))

]
. (9)

For jth fold line, the corresponding relationship of endpoints
is {

iEj = iFj + Sp

iFj = iEj−1.
(10)

Then, the drive point of j + 1th fold line is

idpj+1 = Pe(i
E
j ) + L =

[
N + (iEj + L)2p − 1

2p

]
. (11)
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Fig. 4. Principle diagram of STP.

The big curve c(j) is consisted of jth curve and nearest j − 1th
curve. As shown in Fig. 4, if each curve is replaced by a fold
line, the big curve c(j) can be replaced by a triangle �(j). The
three sides of triangle �(j) can be expressed as

FSφ(j) :
[
Fφ(i

F
j ), Fφ(i

F
j−1),BFφ(i

E
j )

]
. (12)

The coefficients Lw1
φ(j), Lw2

φ(j), Lw3
φ(j) of three sides rep-

resent the trend of corresponding fold lines Fφ(i
F
j ), Fφ(i

F
j−1),

BFφ(i
E
j ), which can be obtained by⎧⎪⎨⎪⎩

Lw1
φ(j) = D̂φ(Pe(i

F
j ))− D̂φ(i

F
j )

Lw2
φ(j) = D̂φ(Pe(i

F
j−1))− D̂φ(i

F
j−1)

Lw3
φ(j) = D̂φ(i

E
j )− D̂φ(i

E
j − 2 · Sp).

(13)

The obtained multiscale trends TRφ(j) is described as

TRφ(j) :
[
Lw1

φ(j),Lw2
φ(j),Lw3

φ(j)
]
. (14)

For each curve with starting i point, its jitter component is
extracted by

eφ(i) =
2

Sp + 1

Pe(i)∑
n=i

|Xφ(n)− D̂φ(n)|. (15)

Then, the jitter components of the jth and j − 1th curve of�(j)
are expressed as

JVφ(j) :
[
eφ(i

F
j ), eφ(i

F
j−1)

]
. (16)

Finally, the big curve c(j) can be converted as

�(j) : {FSφ(j),TRφ(j), JVφ(j)}. (17)

Therefore, through dividing the data curves and approximating
the divided curves by fold line, the triangle can be used to
describe the big curves. The main information, approximative
fold lines including key point position FSφ(j), multiscale trends
TRφ(j) of curves with different segments, and jitter components
JVφ(j), are effectively extracted from the big curve c(j) by STP.

Furthermore, the JSP is used to avoid the influence of ampli-
tude and facilitate calculation. The extracted jitter components
are used for jitter threshold of corresponding curve. The jitter
threshold of the jth curve of starting with iFj point is shown
below

Thφ(j) = k ∗ eφ
(
iFj

)
. (18)

Hence, the dynamic jitter threshold of three sides for triangle
�(j) is expressed as

JTφ(j) :

[
Thφ(i

F
j ),Thφ(i

F
j−1),

Thφ(iFj ) + Thφ(i
F
j−1)

2

]
.

(19)
Further, the trends TRφ(j) of triangle �(j) are signed

L̂w
1

φ(j) =

⎧⎪⎨⎪⎩
1, Lw1

φ(j) > Thφ(i
F
j )

0, |Lw1
φ(j)| ≤ Thφ(i

F
j )

−1, Lw1
φ(j) < −Thφ(i

F
j )

(20)

L̂w
2

φ(j) =

⎧⎪⎨⎪⎩
1, Lw2

φ(j) > Thφ(i
F
j−1)

0, |Lw2
φ(j)| ≤ Thφ(i

F
j−1)

−1, Lw2
φ(j) < −Thφ(i

F
j−1)

(21)

L̂w
3

φ(j) =

⎧⎪⎪⎨⎪⎪⎩
1, Lw3

φ(j) >
Thφ(iFj )+Thφ(iFj−1)

2

0, |Lw3
φ(j)| ≤

Thφ(iFj )+Thφ(iFj−1)

2

−1, Lw3
φ(j) < −Thφ(iFj )+Thφ(iFj−1)

2 .

(22)

When the trend change of curve is higher than the corresponding
dynamic jitter threshold, the trend is signed as 1. When the trend
change is lower than the corresponding negative jitter threshold,
the trend is signed as −1. When the degree of the trend change
is within dynamic jitter threshold, the trend is signed as 0. The
signed trends T̂Rφ(j) are expressed as

T̂Rφ(j) :
[
L̂w

1

φ(j), L̂w
2

φ(j), L̂w
3

φ(j)
]
. (23)

Further, the center position μφ(j) of N ′
p key points of ending

with jth curve is calculated

μφ(j) =
1

2p + 1

j∑
n=j−2p

D̂φ(i
E
n ). (24)

Then, the relative position between the end point of the jth curve
and μφ(j) are calculated and signed by the jitter threshold

βφ(j) =

⎧⎪⎨⎪⎩
1, D̂φ(i

E
j )− μφ(j) > Thφ(i

F
j )

βφ(j − 1), |D̂φ(i
E
j )− μφ(j)| ≤ Thφ(i

F
j )

−1, D̂φ(i
E
j )− μφ(j) < −Thφ(i

F
j ).

(25)

When the comparison of positions is higher than the jitter
threshold, the end point of the jth is in the upper part of sine
signal, and the sign is given as 1. When the comparison is lower
than −Thφ(i

F
j ), the end point of the jth is in the lower part of

sine signal, and the sign is given as −1. When the difference
degree is within the range of dynamic jitter threshold, position
determination remains unchanged. Furthermore, the fault trend
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Fig. 5. Overall principle diagram of the proposed algorithm.

αφ(j) is obtained by

αφ(j) =
(
1−|L̂w

1

φ(j)|
)
∧
(
1−|L̂w

2

φ(j)|
)
∧
(
1−|L̂w

3

φ(j)|
)

(26)
where | · | is absolute operation, ∧ is logic union processing.
Then, the quantitative trend fault degree Inφ(j) is obtained by

Inφ(j) =
j∑

n=j−2p+1

αφ(n) · βφ(n). (27)

The variable Inφ(j) is an integer variable. Every change is
quantitative, which is either quantitative 1 or unchanged. It
can effectively reduce the fluctuation and quantity of fault data
features. Meanwhile, only one variable contains fault degree and
location information. These characteristics are very conducive
to the training of data and the stability of diagnostic results.

Finally, ESN [28]–[31] is used to implement the classification
of fault data. The ESN is a new recurrent neural network with
high generalization capability and short training period, which
improve many problems of traditional neural network (NNs)
such as local minima, overtraining, and high computational
burden [28]–[31]. For ESN, it uses an interconnected recurrent
grid of processing neurons called dynamical reservoir to replace
the hidden layer of NNs. Only the output weights need to be
trained, while the reservoir weights and input weights usually are
given randomly. Meanwhile, simple linear regression is used to
train the network [30]–[31]. These features can make the training
speed of the whole network very fast; the structure designing and
debugging are also more convenient. The mathematical details
of ESN can be found in [28] and [29]. The overall principle
diagram of the proposed algorithm is shown in Fig. 5.

Fig. 6. Experiment platform.

III. EXPERIMENT EVALUATION

Experiments are carried out to verify the effectiveness of the
proposed method. The experimental platform is shown in Fig. 6.
The system is controlled by TMS320F28335PGFA. Microgrid
inverter uses a 20-kW inverter of three phases with six insulated
gate bipolar transistor (IGBT) switches. DC cabinet provides
600-V dc-link voltage. The frequency of inverter is 50 Hz.
Sampling frequency is set to 10 kHz. Filter inductance and
capacitance are 1 mH and 50μF, respectively. For the proposed
algorithm, p takes 3, thenN ′

p is 9,N ′
c is 8. The obtained variables

Ina, Inb, and Inc are used for the input of ESN. The number of
input layer takes 3. The reserve pool is set as 40. The number
of output layer is 6, which represents the diagnosis results of 6
switches.

Fig. 7 shows the diagnosis results and intermediate variables
of the proposed fault diagnosis algorithm under s1 open-circuit
fault with the unbalanced state. In Fig. 7(a), it can be seen
that the phase A is unbalanced with phases B and C. Fig. 7(b)
shows the dynamic jitter thresholds. From the experimental
results, it can be understood that the dynamic jitter thresholds of
different curves of three-phase currents are effectively extracted.
In Fig. 7(c) the quantitative trend fault degrees of three-phase
currents are stable and does no change in normal state. When
the s1 fault occurs, it is quantitatively changed, which are not
affected by the unbalance component. Fig. 7(d) shows the di-
agnosis results. From the experimental results, it can be seen
that when the inverter is in unbalanced state, it does not cause
false alarm; meanwhile, when s1 fault occurs, it is accurately
diagnosed. In addition, the diagnosis features and result are
stable. Hence, it can be seen that the proposed algorithm not
only can identify inverter fault but also has better robustness to
unbalanced state.

Fig. 8 shows the fault diagnosis results and intermediate
variables of the proposed fault diagnosis algorithm under s1 and
s3 open-circuit faults with overcurrent component interference.
In Fig. 8(a), when the inverter is in normal state, the three-phase
currents are symmetric. When s1 and s3 open-circuit faults
occur, the phase A and phase B lose symmetry. Phase C has
an overcurrent component. It is obvious that the phase C also
loses the symmetry, which is a kind of overcurrent component
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Fig. 7. s1 fault with single-phase unbalanced state. (a) Three-phase cur-
rents. (b) Dynamic jitter thresholds. (c) Quantitative trend fault degree.
(d) Diagnosis results.

intermediate. In Fig. 8(b), it can be seen that the dynamic
jitter thresholds of different curves of three-phase currents are
effectively extracted. Fig. 8(c) shows the quantitative trend fault
degree; it can be seen that when the inverter output is in normal
state, the variables Ina, Inb, and Inc do not change. When s1
and s3 fault occur, the quantitative trend fault degree Ina and
Inb of phase A and phase B quantificationally change, which is
either quantitative 1 or unchanged. Meanwhile, the variable is
larger than 0, which indicates the failure of the upper switch.
It is to say that the quantitative trend fault degree also includes
the position information. In addition, it is obvious that Inc is
always unchangeable when the overcurrent occurs, which can
effectively shield the overcurrent component interference. In
Fig. 8(d), s1 and s3 faults are diagnosed. Meanwhile, s5 and
s6 of phase C do not appear false alarm caused by overcurrent.

Fig. 9 shows the fault diagnosis results and intermediate
variables of the proposed fault diagnosis algorithm under s1
open-circuit fault with multiphase unbalanced state. In Fig. 9(a),
when the inverter is in normal state, the three-phase currents
A, B, and C are unbalanced. When s1 open-circuit fault occurs,
three-phase currents have some distortion, and the phase A loses
part periodic signal. In Fig. 9(b), it can be seen that the dynamic

Fig. 8. s1 and s3 faults with overcurrent component interference. (a) Three-
phase currents. (b) Dynamic jitter thresholds. (c) Quantitative trend fault degree.
(d) Diagnosis results.

jitter thresholds of different curves of three-phase currents are
also effectively extracted in this case. In Fig. 9(c), quantitative
trend fault degree is shown; it is obvious that when the inverter
output is in normal state with multiphase unbalanced state, the
variables Ina, Inb, and Inc do not change. When s1 fault occurs,
corresponding Ina of phase A quantificationally changes, which
is either quantitative 1 or unchanged. Meanwhile, Inb and Inc
are always unchangeable when the s1 fault occurs. In Fig. 9(d),
s1 fault is diagnosed. Meanwhile, s2, s3, s4, s5, and s6 of phase
B and phase C do not appear false alarm caused by multiphase
unbalanced state.

Fig. 10 shows the diagnosis results and intermediate variables
of the proposed fault diagnosis algorithm under multiswitch s1
and s4 open-circuit faults. In Fig. 10(a), it can be seen that
when the s1 and s4 open-circuit faults occur, the symmetry of
the corresponding phases A and B are lost. Fig. 10(b) shows
the dynamic jitter thresholds. From the experimental results, it
can be understood that the dynamic jitter thresholds of differ-
ent curves of three-phase currents are effectively extracted. In
Fig. 10(c), when inverter is in normal state, the quantitative trend
fault degrees of three-phase currents are stable and no change
occurs. When the s1 and s4 faults occur, corresponding variables
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TABLE I
COMPARISON OF FAULT DIAGNOSIS PERFORMANCE BETWEEN EXITING ALGORITHMS AND PROPOSED ALGORITHM

Condition 1: unbalanced state.
Condition 2: overcurrent component interference.
CD refers comparison difference with variable expectation, observer, or model. AF refers asymmetric feature of data.
MTF refers multiscale trend features of data.

Fig. 9. s1 fault with multiphase unbalanced state. (a) Three-phase cur-
rents. (b) Dynamic jitter thresholds. (c) Quantitative trend fault degree.
(d) Diagnosis results.

Ina and Inb are quantitatively changed; meanwhile, the variable
Inc is not affected. Fig. 10(d) shows the diagnosis results; it can
be seen that when s1 and s4 faults occur, they are diagnosed.

In order to further demonstrate the performance of the pro-
posed fault diagnosis algorithm, the related comparisons and
summaries have been made with some relevant existing meth-
ods from several performance aspects in Table I. For the re-
search conditions, although Condition 1 and 2 have great in-
fluences on inverter fault diagnosis, these conditions are ne-
glected in many existing inverter fault diagnosis algorithms,

Fig. 10. Multiswitch s1 and s4 open-circuit faults. (a) Three-phase cur-
rents. (b) Dynamic jitter thresholds. (c) Quantitative trend fault degree.
(d) Diagnosis results.

e.g., [10], [12], [14], [17], [26], [27], and so on. However, the
proposed fault diagnosis algorithm considers both Condition 1
and 2 in this article, which can effectively improve the robustness
of the algorithm.

For fault feature extraction, CD and AF are common methods
of fault feature extraction for inverter. However, compared with
them, MTF method is used to extract fault feature in this article,
which can effectively reduce the influence of unbalanced state
and overcurrent component interference. Meanwhile, it also has
low dependence of system model. On the other hand, compared
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with [10], [12], [14], [17], [26], and [27], the proposed fault
diagnosis algorithm uses ESN and JSP based on the jitter
component, which leads to the low dependence of weights
or thresholds. Another point to be noted is that, because the
proposed fault diagnosis algorithm is driven by the slidable
triangular and p takes 3 in this article, the startup is 8 times
per cycle. For the diagnosis speed, the highest diagnosis speed
of the proposed fault diagnosis algorithm is about 0.3T, which
is within a reasonable range. Meanwhile, it is also better than
existing methods, e.g. [10], [17], and [26].

Furthermore, through above experiments and comparisons,
the main performance of the proposed fault diagnosis algorithm
are summarized as follows. The proposed fault diagnosis algo-
rithm has better robustness to unbalanced state and overcurrent
component interference. From the diagnosis results of Figs. 7(d),
8(d), and 9(d), it can be seen that under the case of unbalanced
state or overcurrent component interference, the diagnosis re-
sults of the proposed fault diagnosis algorithm do not appear
false alarm. The proposed fault diagnosis algorithm has low
startup times. Because the fault diagnosis algorithm is driven by
the slidable triangular, it can reduce the startup times. Because
p takes 3, the startup is 8 times per cycle. Because of the use of
ESN, the proposed fault diagnosis algorithm has low dependence
of system model, weights, or thresholds. ESN is based on data
fitting, which avoids the setting and selecting of the diagnosis
thresholds of multiswitches fault diagnosis. In addition, because
of the structure features of ESN, the adjustment of hidden
layer node parameters is also avoided. The feature variable of
quantitative trend fault degree reduces the training burden and
the number of input features of network training. From Figs. 7(c),
8(c), 9(c), and 10(c), it can be seen that the variable Inφ is an
integer variable. Every change is quantitative, which is either
quantitative 1 or unchanged. This feature can effectively reduce
the fluctuation and quantity of fault data features. In addition,
only one variable contains fault degree and location information,
which also reduces unnecessary input of features.

IV. CONCLUSION

A multiswitch open-circuit fault diagnosis algorithm of mi-
crogrid inverter based on STP has been proposed. Compared
with the existing fault diagnosis algorithms, it has better ro-
bustness to unbalanced state and overcurrent component in-
terference. These features make it more suitable under micro-
grid environment. In that, the STP is used to extract the key
features and reduce the startup times of algorithm. Then, the
JSP is used to reduce the influence of amplitude and facili-
tate calculation. Further, the quantitative trend fault degree is
calculated to reflect the degree of trend fault and fault posi-
tion information. Finally, the ESN is used to detect the type
and the location of the inverter switch fault, which makes
the design, implementation, and debugging of fault diagno-
sis more convenient. The related experimental results have
been given to demonstrate the effectiveness of the proposed
algorithm.
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