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Abstract - The rapid development of society has led to a rapid increase in the demand for
electricity and the scale expansion of power systems, and their stable operation is a top priority.
This paper briefly introduced the structure of the photovoltaic microgrid and the electrical
automation control strategy for stable grid-connected microgrid operation, improved the electrical
automation control strategy with the extreme learning machine (ELM) algorithm, and conducted
simulation experiments on two electrical automation control strategies in MATLAB software. The
results showed that the voltage of the microgrid fluctuated when the load in the microgrid and the
output of the photovoltaic power supply changed, and both automatic control strategies suppressed
the fluctuations, and the improved automation control strategy had a better suppression effect and
took less time to restore microgrid stability.
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1. Introduction
The progressive development of society is
inseparable from the development of energy, and
electricity has been developed as a common source
of energy today. Power plants are usually centralized
to generate electricity and supply it to decentralized
customers through the grid to reduce operating
costs. As the demand for electricity increases, the
size of the power grid increases as well [1], but the
power grid generates losses in the transmission of
electricity, making the quality of power in the grid
gradually decrease centered on the power plant. The
emergence of microgrids can make up for this
shortcoming. Microgrids are smaller in size but more
flexible in construction than the main grid and
generally use wind, hydro, and photovoltaic power
generation devices. The scale of power generated by
microgrids is not as large as that of the main grid,
but they can provide effective supplements to the
marginal areas of the main grid and keep the overall
power quality of the grid stable [2]. Wind and hydro
power generation have relatively stringent
requirements for establishment sites, and microgrids
usually use photovoltaic power generation.
Photovoltaic power generation is cleaner than
thermal power generation, but the light is difficult to
keep stable for a long time, which makes the
photovoltaic power output fluctuate periodically or
nearly periodically [3]. When a photovoltaic
microgrid is connected to the main grid, the power
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fluctuation generated in the microgrid will cause
fluctuation in the main grid, and if it is not
controlled, the whole grid will not operate stably.
The inverter converts direct current to alternating
current (AC) in the photovoltaic microgrid, so
automatic control of microgrid output can be
achieved by automating the electrical regulation of
the inverter. This not only ensures the stable
operation of the power system when the microgrid is
connected to the grid but also saves manpower
consumption. Deng et al. [4] proposed a smart
microgrid based on a multi-agent system, which
improved the power quality by dynamically and
autonomously adjusting the P-f and Q-U sagging
curves in a local agent. They verified the reliability of
this method by simulations. Zhou et al. [5] proposed
a microgrid clustering structure and its autonomous
coordination control strategy. Simulation and actual
hardware experimental results verified that the
control strategy could effectively stabilize the
microgrid. Lai et al. [6] proposed an improved
current control scheme for grid-connected inverters,
in which the fundamental and harmonic currents
were independently controlled by a proportionalintegral (PI) decoupling controller and a predictive
basis controller. The simulation results showed that
the control scheme effectively compensated for the
uncertainty caused by the grid voltage with fast
transient response. This paper briefly introduced the
structure of the photovoltaic microgrid and the
electrical automation control strategy for the stable
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grid-connected microgrid operation, optimized the
electrical automation control strategy by using the
extreme learning machine (ELM) algorithm, and
simulated the two electrical automation control
strategies in MATLAB software.

2. Electrical
Automation
Technology for Microgrids

signal to adjust the internal parameters of the
inverter according to the corresponding control
adjustment strategy, thus adjusting the AC output of
the inverter and realizing the stable operation of
power in the microgrid.

Control

2.1 Basic Structure of Microgrid
Figure 1 shows the basic structure of a simplified
photovoltaic
microgrid,
which
includes
a
photovoltaic power supply, an energy storage device,
an inverter, an adjustable load, and a microgrid
control center. The photovoltaic power supply is the
power supply device in the microgrid, which
converts the light energy into DC by using the
photoelectric effect of the semiconductor. The
energy storage device stores the extra power
generated by the photovoltaic power supply and
outputs DC [7]. The adjustable load is the
simplification of the total user load in the microgrid.
The distribution feeder is the integration and
simplification of the wires in the microgrid and
connected to the main grid. The inverter converts DC
into AC. The adjustment of the parameters in the
inverter can change the parameters of the output AC
voltage. The microgrid control center is the core of
the electrical automation technology for the stable
operation of the microgrid power system [8].
This structure collects the current signal in the
microgrid through the sensor installed on the
distribution feeder and then outputs the control

Figure 1: Basic structure diagram of the photovoltaic
microgrid
2.2 Electrical Automation Control of Microgrids
when Connected to the Grid
The fluctuations that occur when a microgrid
operates after being connected to the main grid are
so rapid that it is impossible to respond timely and
adjust the parameters accurately by manual
regulation [9].

Figure 2: Basic flow of electrical automation control strategy for grid-connected operation of the microgrid
Therefore, an electrical automation control
system is needed to control the microgrid in realtime. Figure 2 shows the basic flow of the electrical
automation control strategy [10] for the gridconnected microgrid operation.
① Real-time voltage and current in the
distribution feeder are collected using sensors.
② The active and reactive power is calculated
based on the collected real-time voltage and current:
 P = U  I  cos ,

Q = U  I  sin 

(1)

where P is the active power, Q is the reactive
power, U is the voltage, I is the current, and  is
the phase angle. In addition to calculating the active
and reactive power, the real-time voltage and
current are transformed by Park transform [11] to
obtain voltage components u d and u q and current
components i d and i q .
③ The real-time P and Q are compared with
the corresponding reference values

Pref and Qref .

Then, the error of the active power and the error of
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the reactive power are processed by incremental PI
[12]. The formula of incremental PI is:

u(k ) = u(k −1) + k p [e(k ) − e(k −1)] + ki e(k ) ,

(2)

where u (k ) and u(k - 1) are the current and previous
control amounts to the control object respectively,
e(k ) and e(k - 1) are the current and previous error
signals respectively, and k p and k i are the
proportional and integral parameters, respectively
[13].
④ The values obtained after processing active
and reactive power errors with incremental PI are
used as i d , ref and i q , ref , the reference values for i d
and i q . i d and i q are compared with i d , ref and i q , ref
to obtain corresponding errors. The errors are
processed by incremental PI according to equation
(2).
⑤ u d , u q , i d , and i q obtained by Park transform
in step ② are coupled with the values processed by
PI in step ④. Feedforward decoupling is needed for
i d and i q before coupling [14]. Signal voltages U d
and U q of the dq axis are obtained after coupling
processing.
⑥ Inverse Park transform is performed on U d
and U q to obtain the three-phase signal voltage.
Then, pulse-width modulation (PWM) is performed
to regulate the inverter output. Finally, it returns to
step ① and continue to use sensors to monitor the
voltage and current of the microgrid to form an
electrical automation control.
The PI regulation method used in the abovementioned automatic control strategy is a commonly
used deviation regulation method, and the
proportional and integral parameters are the key
parameters for the deviation regulation, and their
values will affect the speed and stability of the error
regulation. Generally, these two parameters are fixed
parameters determined by experience. However, in
practice, the fluctuation size, duration, and
emergence time of the microgrid have uncertainties,
so the fixed parameters alone are insufficient to cope
with many variations. In order to make faster and
more stable regulation of microgrid fluctuations, this
paper uses the ELM algorithm to set the proportional
and integral parameters in the PI regulation formula
within the automatic control strategy so that the
automation control strategy can adjust fluctuations
adaptively in the face of changing microgrid
fluctuations.
The ELM algorithm is a neural network algorithm
composed of input, hidden, and output layers, but
unlike the conventional back-propagation (BP)
neural network, the ELM algorithm has only one
hidden layer and does not need to adjust the weight
parameters step by step when training, but uses the
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generalized inverse matrix to obtain the weight
parameters directly, which makes training faster.
When the ELM algorithm is trained, it first sets the
activation function type and the number of hidden
layer nodes, then randomly generates the weight and
bias parameters, and finally calculates the weights
and bias parameters with the training samples using
a generalized inverse matrix fitting. The calculation
formulas are as follows:
β = (H + H ) −1 H T T

 f (1 x1 + b1 ) f (2 x1 + b12 )  f (l x1 + bl ) 

 f ( x + b ) f ( x + b )  f ( x + b ) 
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where β is the set of weight and bias parameters
calculated by fitting,
+

H is the output matrix of the

hidden layer, H is the generalized inverse matrix
of H , T is the output matrix of the output layer, x j
is the j -th sample (the total number is Q ), x nj is
the n -th feature of x j , and ω i is the set of the
weights of the i -th node in the hidden layer to the
nodes in the output layer.
In this paper, the voltage and current in the
distribution feeder collected by the sensor are used
as the input data of the ELM algorithm, and the
output data of the ELM algorithm are the
proportional and integral parameters of the PI
calculation formula in the automatic control strategy.

3. Simulation Experiments

3.1 Experimental Environment
MATLAB software [15] was used to perform
simulation experiments on the electrical automation
control strategy in the grid-connected operation
mode of a microgrid. The experiments were carried
out in a server in the laboratory.

3.2 Experimental Setup
Figure 3 shows the basic structure of the
simulation model for the grid-connected operation of
a microgrid adopting an electrical automation
control strategy. The simulation model had a
photovoltaic power supply with a maximum output
voltage of 500 V; the capacitance of the inverter was
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3000 μF; the inverter and the distribution feeder
were connected by a filter whose role was to
suppress “clutter”, and the capacitance, inductance,
and equivalent resistance of the filter was 25 μF, 10
mH, and 0.2 Ω; the three loads connected to the
distribution feeder had the same specifications, all
were 200 Ω; the rated voltage and frequency of the
whole microgrid was 220 V and 50 Hz, respectively;
in addition, there was a microgrid control center for
automatic electrical control in the microgrid, which
collected the current and voltage parameters of the
microgrid through the sensors on the distribution
feeder, and then the PWM control signal was
calculated to adjust the inverter parameters
according to the control strategy in the center.

3.3 Experimental Working Conditions
Condition 1: When the light intensity of the
photovoltaic power supply was kept at 1000 W/m2,
three loads were connected to the microgrid, load 3
was disconnected after 0.2 s of stable grid operation,
and load 2 was disconnected after 0.2 s of operation.
The changes in the power parameters of the
microgrid under two automatic control strategies
were compared.
Condition 2: Three loads were connected to the
microgrid. After 0.2 s of stable operation under 1000
W/m2 photovoltaic power supply light intensity, the
light intensity was improved to 1500 W/m2; after 0.2
s of operation, the light intensity was decreased to
1000 W/m2. The changes in the power parameters of
the microgrid under the two automatic control
strategies were compared.

3.4 Experimental Results

Figure 3: Basic structure of the simulation model for
the grid-connected operation of a microgrid
controlled by electrical automation
The proportional and integral parameters in the
PI calculation formula in the traditional electrical
automation control strategy are fixed values; in this
paper, the proportional parameter was set as 200,
and the integral parameter was set as 20.
The proportional and integral parameters in the
PI calculation formula of the electrical automation
control strategy improved by the ELM algorithm
were adaptive parameters, which were calculated by
the ELM algorithm. The activation function of the
ELM algorithm was sigmoid. The number of hidden
layer nodes was 50.

In condition 1, under the stable light, i.e., under
the stable photovoltaic power output, the load was
disconnected every 0.2 s. At the moment of load
disconnection, the load carried by the microgrid
changed, leading to power fluctuations in the
microgrid, but the power was restored under the
electrical automation control strategy in the
microgrid center. Figure 4 shows the voltage
variation under the two automation control
strategies in condition 1. Table 1 shows the
maximum frequency during the power variation and
the time consumed for voltage stabilization. It was
seen from Figure 4 that the microgrid voltage
increased and then restored to stable under the two
automation control strategies after load 3 was
disconnected at 0.2 s and load 2 was disconnected at
0.4 s, but the voltage under the conventional
automation control strategy increased more when
the load was disconnected. The results in Table 1
also showed that the voltage frequency changed
after load disconnection, and smaller frequency
change and less time consumed for voltage
stabilization were observed under the improved
automation control strategy.

Figure 4: Voltage variation under two automation control strategies in condition 1
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Table 1. Frequency and time consumed for voltage
stabilization under two automation control strategies
in condition 1
The
The
traditional improved
automation automation
control
control
strategy
strategy
Maximum frequency/Hz 50.10
50.01
at 0.2~0.4s
Minimum frequency/Hz 50.00
50.00
at 0.2~0.4s
Maximum frequency/Hz 50.11
50.02
after 0.4 s
Minimum frequency/Hz 50.00
50.00
after 0.4 s
Time consumed for
0.081
0.019
voltage stabilization
after load 3 is
disconnected/s
Time consumed for
0.082
0.019
voltage stabilization
after load 2 is
disconnected/s

Table 2. Frequency and time consumed for voltage
stabilization under two automation control strategies
in condition 2
The
The
traditional improved
automation automation
control
control
strategy
strategy
Maximum frequency/Hz 50.12
50.01
at 0.2~0.4s
Minimum frequency/Hz 50.00
50.00
at 0.2~0.4s
Maximum frequency/Hz 50.00
50.00
after 0.4 s
Minimum frequency/Hz 49.89
49.98
after 0.4 s
Time consumed for
0.083
0.018
voltage stabilization
after the increase of the
light intensity/s
Time consumed for
0.081
0.019
voltage stabilization
after the decrease of the
light intensity/s

In condition 2, under the constant microgrid load,
the light intensity was increased after stable
operation for 0.2 s, i.e., the photovoltaic power
output was increased, and the light intensity was
restored to the original level after operation for 0.4 s,
i.e., the photovoltaic power output was reduced. The
change in the photovoltaic power output led to
power fluctuations in the microgrid, and power
would be difficult to run stably if the inverter was
not adjusted in time. Figure 5 shows the voltage
changes under the two automation control strategies
in Condition 2. Under the two automation control
strategies, when the light intensity increased, the
voltage increased first and then returned to the
normal level, among which the voltage increase
under the improved automation control strategy was
not obvious; when the light intensity decreased, the
voltage decreased first and then returned to the
normal level, among which the voltage decrease
under the improved automatic control strategy was
not obvious.

Table 2 shows the frequency and the time
consumed for voltage stabilization under the two
automation control strategies in condition 2. The
voltage frequency increased under both automatic
control strategies when the light intensity increased,
but the voltage frequency increased more and the
time consumed for voltage stabilization was longer
under the traditional automation control strategy.
The voltage frequency decreased under both
automation control strategies when the light
intensity decreased, but the voltage frequency
decreased more, and the time consumed for voltage
stabilization was longer under the traditional
automation control strategy.

Figure 5: Voltage variation under two automation
control strategies in condition 2
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4. Conclusion
This paper briefly introduced the structure of the
photovoltaic microgrid and the electrical automation
control strategy for stable grid-connected microgrid
operation, improved the electrical automation
control strategy with the ELM algorithm, and
simulated the two electrical automation control
strategies in MATLAB software. The following
results are obtained. The voltage fluctuated when the
load in the microgrid changed, and both automation
control strategies suppressed the voltage fluctuation,
but the improved automation control strategy had
better a suppression effect on the voltage fluctuation
and took less time for voltage stabilization. Two
automation control strategies suppressed the
voltage fluctuation when the light intensity received
by the photovoltaic power in the microgrid changed,
among which the improved automation control
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strategy was more effective in suppressing the
voltage fluctuation and took less time to stabilize the
voltage.
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