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Abstract - As a supplement to the growing power grid, the microgrid provides high-quality power 
services for users at the grid’s edge. Maintaining the stability of the microgrid is conducive to 
providing users with high-quality power services and maintaining the safe operation of the grid. 
This paper briefly introduced the smart microgrid and the automatic regulation strategy used for 
controlling the stability of the microgrid, optimized the PI regulation strategy with the back-
propagation (BP) algorithm, and improved the BP algorithm with particle swarm optimization 
(PSO). Finally, the traditional, the BP algorithm based, and the improved BP algorithm based PI 
regulation strategies were simulated in MATLAB software. The results showed that the three 
strategies could all make effective, stable regulation on the grid-connected voltage and frequency, 
but the improved BP algorithm based PI regulation strategy is more effective for grid-connected 
voltage and frequency control. 
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1. Introduction 
 

For human production activities and daily life, 
efficient and clean energy is very important. Since 
the 21st century, electric power has gradually 
become the most commonly used energy in the 
whole society. Compared with traditional fossil 
energy, it is cleaner, more efficient, and safer in the 
use process, and more convenient in transmission 
[1]. To make power more fully used in people’s life 
and production, the construction of the power grid 
has gradually become a major development 
foundation of China. Although the growing power 
grid improves the efficiency of power transportation, 
it also increases the management difficulty. In order 
to reduce the loss in the process of power 
transportation, high-voltage power transmission is 
usually used, which also brings risks to the security 
of the large-scale power grid [2].  The progress of 
technologies, such as the Internet, computer, and 
wireless communication and the market demand for 
the safe and efficient operation of large-scale power 
grids make smart grids emerge. A smart grid uses 
technologies, such as sensors, the Internet, wireless 
communication, and computer algorithm, to realize 
the automatic intelligent management of the power 
system. Deng et al. [3] proposed a multi-agent 
system-based smart microgrid that could improve 
power quality by dynamically and autonomously 
adjusting P-F and Q-U droop curves in local agents 
and verified the reliability of the method. Kumar et al. 
[4] proposed a coordinated control algorithm for 

distributed generators and direct current (DC) 
microgrids under islanding and grid-connected 
operation modes. The control strategy adopted a 
combination of feedback and feedforward control 
loops. The simulation results verified the robustness 
of the algorithm under different operating conditions, 
including fault scenarios and its effectiveness in 
maintaining the DC voltage of the microgrid. Acharya 
et al. [5] proposed an islanded microgrid voltage 
imbalance mitigation scheme by coordinating the 
photovoltaic grid-connected inverter and constant 
temperature control load, designed a negative 
sequence compensation loop that worked in parallel 
with the positive sequence compensation loop. They 
verified the effectiveness of the method through the 
simulation experiment. This paper briefly introduced 
the smart microgrid and the automatic regulation 
strategy that was used for controlling the stability of 
the microgrid, optimized the PI regulation strategy 
with the Back-Propagation (BP) algorithm, and 
improved the Back-Propagation (BP) algorithm with 
the particle swarm optimization (PSO). Finally, the 
traditional, the BP algorithm based, and the 
improved BP algorithm based PI regulation 
strategies were simulated on MATLAB software. 

 

2. Smart Microgrid and its Automatic 
Regulation 

 
Compared with the large-scale distribution 

network, the microgrid has relatively small output 



Research on Safety Protection of Smart Microgrid Operation Control based on Automatic Regulation 

 

 

International Journal of Mechatronics and Applied Mechanics, 2021, Issue 9 59 

power. Moreover, the microgrid takes photovoltaic 
and wind power as power sources. This paper 
mainly focuses on photovoltaic power generation 
[6]. Although the scale of the microgrid is not as 
large as the distribution network, it is not so small 
that only one or two user loads participate in it. For 
the sake of illustration, the microgrid is simplified to 
some extent. For example, the complex user load in 
the microgrid is simplified as a single load, as shown 
in Figure 1. It was seen from Figure 1 that the basic 
structure of the microgrid includes a photovoltaic 
power supply, energy storage device, inverter, and 
load. The energy storage device is another source of 
power in the microgrid. Although photovoltaic 
power generation is clean and environmentally 
friendly, the output power fluctuation is relatively 
large limited by the light environment. The energy 
storage device can store the surplus power in the 
photovoltaic power generation process and 
supplement the photovoltaic power generation to 
stabilize the power output [7]. The energy storage 
device is also connected with the distribution 
network after being converted into alternating 
current power by an inverter. The load is the user 
that uses power in the microgrid. Although the scale 
of the microgrid is small, there is more than one user 
load. These users need different loads in different 
periods; therefore, users can be simply regarded as a 
load that can be adjusted randomly. In addition to 
the above basic structure, a smart microgrid also has 
a microgrid control center. Its function is to use 
sensors installed in the grid to collect power 
information and control the inverter in the microgrid 
after relevant algorithm processing to adjust the 
power output and ensure the stability of the power 
grid. The microgrid control center will also report 
the information collected by sensors to the superior 
general control center to obtain relevant feedback 
[8]. 

 

 
Figure 1: The Basic Structure of Smart Microgrid 

 
To ensure power stability in smart microgrid 

operation, the microgrid control center will 
automatically adjust the inverter according to the 
power information collected by sensors. The control 
principle of the PQ control strategy is shown in 
Figure 2. In Figure 2, P  and Q  refer to the actual 

active and reactive power respectively, and refP  and
 

refQ  are the corresponding reference values. After 

the PI processing of the difference between the 
actual value and reference value,  current reference 
values refdi ,  and refqi ,  of the corresponding d and q 

axes are obtained. Then, the reference values are 
compared with the actual grid-connected current of 
the corresponding d and q axes, i.e., di  and qi . After 

the PI processing, the difference values were given 
coupling treatment along with the grid-connected 
voltage of d and q axes and the grid-connected 
current processed by Lω  on the other axis to obtain 

the signal voltages of d and q axes for controlling the 
inverter, i.e., dU ′

 
and

 qU ′ . After inverse park 

transformation for the signal voltage, the inverter is 
regulated by pulse-width modulation (PWM) [9]. 
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Figure 2: PQ Control Strategy of Smart Microgrid 

Under the Grid-connected Mode 
 

3. Automatic Regulation based on a 
Neural Algorithm 

 

3.1 Combination of Traditional PI Regulation 
Strategy and BP Neural Algorithm 

 
The basic structure of a smart grid and PQ control 

strategy for automatic regulation of microgrid 
stability have been briefly described above. The PI 
control method is used to adjust the inverter output 
through error. The PI control method used in the 
microgrid control strategy in this study is the 
incremental digital PI control method [10], and the 
calculation formula is: 

 
)()]1()([)1()( kekkekekkuku ip +−−+−=            (1) 

 
where )(ku  and )1( −ku  are the control quantities 

for the control subject at the present time and last 
time, )(ke  and )1( −ke  are the error signals of the 

present time and the last time respectively, and 

pk and
 ik

 
are proportional parameter and integral 

parameter, respectively. 
In the traditional control strategy, pk

 
and ik  are 

fixed values, which are usually determined by 
working experience or field test, but it also makes 
the control strategy inflexible and ideal when 
controlling the large power grid. To make PI control 
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adapt to the changing grid environment more 
flexible in the smart microgrid control strategy, the 
proportion and integral parameters are optimized by 
the neural algorithm so that they can change 
according to the changes of the grid environment. 

In this study, the proportion and integral 
parameters are adjusted by the BP neural network 
algorithm. In this study, the data needed by the input 
layer of the BP neural network come from the 
voltage and current collected by the sensor at the 
grid connection, while the output layer outputs PK  

and
 IK

 
of the transfer function in the controller. 

The hidden layer is the most important part of a 
neural network, and the activation function in the 
hidden layer can effectively fit the training data to 
obtain the hidden rules in the data. The basic steps of 
optimizing the parameters by the BP neural network 
are as follows. The grid data collected by sensors are 
input into the input layer. Then the input data are 
calculated layer by layer in the hidden layer. The 
output layer outputs the results. The results of the 
output layer are compared with the expected results. 

The weight parameter in equation (2) is reversely 
adjusted according to the error [11]. The weight is 
constantly adjusted through repeated training until 
the training error reaches the expected value. 

 
3.2 Improving BP Algorithm with PSO 

 
As a machine algorithm, the BP neural network 

has an activation function that can approach the 
nonlinear law infinitely, which is very suitable for 
the changeable power grid environment. However, 
the BP neural network will over-fit in the training 
process, i.e., it will fall into the locally optimal 
solution. This problem can be solved by selecting 
training samples and initial parameters, but the 
neural network trained by specially selected training 
samples and initial parameters will be weak in 
universality. In addition to the above methods, this 
study improves the BP algorithm by reversely adjust 
parameters. 

 

 

 
Figure 3: The Training Process of the Improved BP Neural Network 

 

 
As shown in Figure 3, the steps of the improved 

algorithm in the forward calculation of the input data 
are the same as those of the traditional BP algorithm. 
After the forward calculation results are compared 
with the expected results, whether the error 
between them is in the expected range is 
determined. If not, the traditional BP algorithm 
adjusts the weight parameter reversely according to 
the error, but the improved BP algorithm adjusts the 
weight parameter through the PSO algorithm. Every 
particle in the PSO population represents a weight 
parameter scheme. The weight scheme in the 
population is updated according to the formula of 
PSO. The updating formula is: 
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where )1+(tvi  and )1+(txi  are the speed and 

position of particle i  after one time of iteration, 

)(tvi and )(txi  are the speed and position of particle 

i  before iteration,   is the inertia weight of 

particles, 1c  and 2c  are learning factors, 1r  and 2r  

are random numbers between 0 and 1, )(tPi  
is the 

optimal position that particle i  has experienced, and 

)(tGg  is the best position that the particle swarm 

has experienced. The original BP neural weight 
parameter is replaced by the updated population 
particle, and then the calculation is performed layer 
by layer again. The calculated results are compared 
with the expected results, and the difference is used 
as the fitness value of PSO. The above steps are 
repeated until the difference (fitness value) reached 
the set standard. 

 

4. Simulation Experiment 
 

4.1 Experimental Environment 
 
In this study, the automatic regulation strategy in 

microgrid grid connection mode was simulated and 
analyzed using the MATLAB software [12]. The 
experiment was carried out in a laboratory server 
with configurations of Windows 7 operating system, 
16 G memory, and Core i7 processor. 

 

4.2 Experimental Setup 
 
The basic structure of the microgrid used in the 

simulation experiment is shown in Figure 4. The 
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microgrid structure adopted in this study also 
included the microgrid control center, which 
obtained the sensing information of the distribution 
network from the distribution feeder and output 
PWM control signal to adjust the inverter according 
to the built-in control strategy. 

 

 
Figure 4: The Simulation Structure of Automatic 
Regulation Strategy in Microgrid Grid-connected 

Mode 

 
The relevant parameters of the microgrid 

simulation model for the simulation experiment are 
shown in Table 1.  

 

In addition to the above parameters, the relevant 
parameters of the automatic regulation strategy in 
the microgrid control center used for inverter 
control are as follows. (1). 

When the control center adopted the traditional 
PI automatic regulation strategy, proportional 
parameter pk  was 200, and integral parameter ik  

was 20. (2) When the control center adopted the BP 
algorithm based PI automatic regulation strategy, 
the proportion and integral parameters were 
adaptive parameters, which were determined by the 
BP algorithm; the initial weight in the BP algorithm 
was randomly generated between 0 and 0.5 [13]; the 
learning rate was 0.1; the maximum number of 
iterations was 1500. (3).  

When the control center adopted the improved 
BP algorithm based PI automatic regulation strategy, 
the parameters needed by the BP algorithm were 
determined by PSO, and the parameters of PSO were 
as follows: the number of particle swarms was 30, 
two learning factors were both set as 1.5, the 
maximum number of iterations was 1500, and the 
inertia weight was 0.8. 

 
Table 1. Related Parameter Settings 

Parameter Value Parameter Value 
The rated voltage of the 
microgrid 

220 V The rated frequency of the 
microgrid 

50 Hz 

The filter capacitance of 
the filter 

20 F  The filter inductance of the 
filter 

5 mH  

The filter resistance of 
the filter 

0.1   Load 1, 2, and 3 250   

Line inductance  0.5 mH  Line resistance 0.5   

The reference voltage of 
the microgrid 

220 V The reference power of the 
microgrid 

1 kW 

 

4.3 Experimental Project 
 

In brief, the experimental project aimed to 

control the stability of the microgrid by three 

automatic regulation strategies under the change of 

the load in the distribution network when the 

microgrid was connected to the grid. The specific 

steps are as follows: ① the inverter is started and 

connected to the distribution feeder, and the three 

loads in the distribution feeder were also connected 

to the distribution network; ② time started when 

the microgrid model started and the inverter and 

load were connected to the microgrid, load 3 was 

disconnected after running for 0.2 s, and load 2 was 

disconnected after running for 0.4 s. 

The per-unit value, i.e., the relative value, was 

used in the calculation when the automatic 

regulation strategy of the microgrid control center 

was used. In this study, per-unit value = actual value 

collected by sensor /microgrid reference value. 

 

4.4 Experimental Results 
 

In this study, a working condition of gradually 

disconnecting the grid load was set up for the grid-

connected microgrid under the three automatic 

regulation strategies to test the maintenance of the 

microgrid stability by the three automatic regulation 

strategies. The final results are shown in Figure 5. It 

was seen from Figure 5 that the grid-connected 

voltage was relatively stable under the three 

automatic regulation strategies. In the setting of the 

working condition, one load was disconnected at 0.2 

s, and the other at 0.4 s. It was seen from Figure 5 

that the voltage of the microgrid under the 

traditional PI automatic regulation strategy 

fluctuated significantly at the moment of load 

disconnection, with a fluctuation range of 1.03 ~ 

1.38, the voltage fluctuation of the microgrid under 

the BP algorithm based PI automatic regulation 

strategy was smaller, about 1.02 ~ 1.16, and lasted  



Research on Safety Protection of Smart Microgrid Operation Control based on Automatic Regulation 

 

 

International Journal of Mechatronics and Applied Mechanics, 2021, Issue 9 62 

for a shorter time, and the voltage of the microgrid 

under the improved BP algorithm based automatic 

regulation strategy almost had no fluctuation and 

kept stable in the operation process. 
 

 
Figure 5: Variation of the Grid-connected Voltage of the Microgrid Under Three Automatic Regulation Strategies 

 
In the set working condition, the stability test of 

the three automatic regulation strategies not only 
involved the above grid-connected voltage 
fluctuations but also included the frequency changes 
of the grid-connected power. The test results are 
shown in Figure 6. It was seen from Figure 6 that the 
power grid operating frequency under the three 
automatic regulation strategies fluctuated 
correspondingly in the face of load changes in the 
power grid. After operating for 0.2 s, the frequency 
under the traditional PI regulation strategy, the BP 
algorithm based PI regulation strategy, and the 
improved BP algorithm based PI regulation 
algorithm fluctuated by about 0.03 Hz, 0.025 Hz, and 
0.007 Hz, respectively.  

After operating for 0.4 s, the frequency under the 
traditional PI regulation strategy, the BP algorithm 
based PI regulation strategy, and the improved BP 
algorithm based PI regulation algorithm fluctuated 
by about 0.04 Hz, 0.03 Hz, and 0.01 Hz, respectively. 
In conclusion, the frequency of the three strategies 
was almost stable under automatic regulation. Even 
for the traditional PI regulation strategy, the 
maximum frequency fluctuation was only 0.05 Hz, 
which was not significant in the grid-connected 
voltage.  

The comparison of the three strategies suggested 
that the improved BP algorithm based PI regulation 
strategy had a smaller frequency fluctuation. 

 
 

 
Figure 6: Variation of Microgrid Grid-connection Frequency Under Three Automatic Regulation Strategies 

 

5. Conclusion 
 

This paper briefly introduced the smart 
microgrid and the automatic regulation strategy that 
was used for controlling the stability of the 
microgrid. The PI regulation strategy was optimized 
by the BP algorithm, and the BP algorithm was 
improved by PSO. Finally, the traditional, the BP 
algorithm based, and the improved BP algorithm 
based PI regulation strategies were simulated in the 
MATLAB software.  

The results are as follows. In the face of the 
change of load in the power grid, the three regulation 
strategies could maintain the stability of the grid-
connected voltage, but the stability of the grid-
connected voltage was the best under the improved 
BP algorithm based PI regulation strategy; when the 
load fluctuated, the voltage almost had no change 
under the improved BP algorithm based strategy, 
followed by the BP algorithm PI regulation strategy 
and the traditional PI regulation strategy. In the face 
of load changes in the power grid, the frequency 
fluctuation under the improved BP algorithm based 
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PI regulation strategy was the smallest at the 
moment of load fluctuation, while the frequency 
fluctuation under the traditional PI regulation 
strategy was the largest. 
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