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Abstract—Microgrids can operate in three different possible modes,
including grid-connected, islanded and the interconnected operation
modes. One of the big challenges in the interconnected microgrids is
frequency and tie-line power control because of the nonlinearity behavior
of the interconnected microgrids. Thus an adaptive controller is needed
for solving this problem. In response to this challenge, in the present paper,
an artificial neural network controller is presented. The control
methodology is applied to two-AC interconnected microgrids considering
a simplified frequency response model. The effectiveness of the proposed
controller is examined by simulation. The simulation results show that in
different conditions, artificial neural network controllers can operate
better than the conventional proportional-integral controllers.

Index Terms--Interconnected microgrids, load-frequency control,
artificial neural network, simplified model, tie-line control,
frequency response

L INTRODUCTION

Based on some drawbacks of conventional power systems
and the growth of renewable energy resources (RESs) as the
main components of microgrids, a number of microgrids are
predicted to be used in the future [1]. Thus, the interconnected
microgrids (IMGs) acquire a fundamental role in power
generation and provide a better condition for power exchange
[2]. The IMGs are introduced as a new structure of power grids.
Although microgrids have given away to solve many problems
faced by the traditional systems, they have also created some
new challenges [1]. One of the main challenges in the AC
microgrids is frequency deviation, especially in the
interconnected operation mode. With the growth of microgrids
and the creation of IMGs, the complexity of power grids
increases and handling frequency and tie-line power control
which is known as load-frequency control (LFC) becomes more
difficult. In the IMGs, the load may vary at each microgrid as
an autonomous control area. The frequency in an area is
affected and then the result propagates to other connected areas
through the existing tie-lines [3]. To return back to the steady-
state value of the frequency after a given load variation, a
control system is required to operate in each area. The LFC is
an important issue in IMGs operation to obtain a reliable
electric power [4]. On the other hand, up to now, there is no
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exact investigation on the IMGs frequency response modeling
for the sake of frequency/tie-line control.

In the IMGs, frequency deviation caused by unbalancing
between demand and generation that must be maintained fixed
continuously and automatically [5]. In the conventional control
strategy, the PI controller is used to providing zero steady-state
frequency deviation [6]. But controllers which are designed
based on fixed plant models, may not work when some system
parameters are varying [7], and the PI controllers may provide
poor dynamic performance especially for non-linearity and
parameter variations. That is why these controllers are not
efficient in LFC for IMGs. Furthermore, the required observer
for estimating of parameters would involve an additional cost.
In order to improve the system performance, adaptive control
strategies have been proposed in [8, 9]. An adaptive controller
is applied to make the control process sensitive to the
parameters change and nonlinearities of the system [10]. The
adaptive methods need the information of the system states
which is not completely known due to the uncertainty of the
IMGs. Thus, an artificial neural network (ANN) controller can
be considered as a good solution to present an adaptive
controller with improved performance.

The purpose of this paper is to present a new method of
designing a decentralized LFC system for IMGs. Here, an
ANN-based LFC system is designed in each microgrid. The
simulation results show that the controlled IMGs using back
propagation-based ANN can give desirable dynamic responses
in different situations. Simulation results show that the
purposed control scheme is able to provide specified objectives
in the IMGs. Moreover, the response of the system employing
the purposed controller seems to be insensitive to parameter
changes. The proposed method is applied to two-AC IMGs.

This paper is organized as follows: the next section
describes a simplified frequency response model (FRM) for
IMGs. In Section III, the structure of the applied ANN
controller is explained. In order to demonstrate the
effectiveness of the proposed LFC system based on the
simplified FRM for IMGs, some simulation results for two AC
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IMGs are given in Section IV. Finally, in Section V, the
conclusion is presented.

II.  INTERCONNECTED MICROGRIDS MODEL

The IMGs topology used in this paper is a two-area
microgrids as shown in Fig. 1. Each microgrid is modeled as a
DG with an equivalent inverter-based primary source and load.
Here, each DG is presented by a three-phase controllable
voltage source and a series RL branch, and each load is
represented by a parallel RLC network [11]. The interconnected
line between two microgrids is represented by a series of RL
elements as shown in Fig. 2.

AC MG1

AC MG2
r————" r————"
g | . | xS
| .=
|

Figure 2. Circuit schematic of studied IMGs.

Based on this model, using deferential equations of this
equivalent circuit in dg0 frame, the state space of the system is
obtained. For more simplification, first, each microgrid is
replaced by an equivalent distributed generation as shown in
Fig. 3. A, B and C matrices are presented in the appendix. Next,
according to the state-space model of overall system, x, u and
y are introduced as follows:

x = Ax + Bu
where
x" = (egrr.a-Via-Teqrz.a-Va.a-Tina-Teqir.a- 2)

qulz.d- qutl.q- Vl.q- qutz.q- VZ.q- IIL.q- qull.q- qulz.q)

https://www.tarjomano.com/orde Hoellonss =
u = (Veqtl.d -Veqtz.d -Veqtl.q- Veqtz.q) 3)
yT = (Vl.d-VZ.d-Vl.q-Vz.q) 4

represent state-space variables, inputs and outputs vectors,
respectively. To achieve a simpler FRM a sensitivity-based
approach is used. A step input signal is applied and the Fast
Fourier Transform (FFT) is plotted for the obtained step
response. During this process, ineffective parameters on
nominal frequency response are investigated. Then, these
ignorable dynamics are removed and a simplified model is
obtained as shown in Fig. 4.

Vgl Preg)
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Figure 3. Equivalent circuit model for two AC IMGs.

This simplified equivalent model shows that an IMGs can be
separated into three different parts as shown in Fig. 5. Based on
this equivalent model, it is possible to introduce a time constant
for each part as follows:

Legt
Tug = ——
MG Reqt
L
1 T = Re_ql (5)

Figure 4. Simplified schematic of studied IMGs.
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Figure 5. Three different regions of IMGs.
Here, Tmg, Tm, and Ty represent time constants of
microgrid, load and inertia and interconnected line. In the
simplified model, the damping factor is neglected because of its \/ Af
small value. Finally, IMGs can be modeled as shown in Fig. 6. ,
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Figure 6. Block diagram of three regions of IMGs.

Finally, primary and secondary control loops are applied to
the proposed model. Fig. 7. Shows the complete structure of
FRM for two AC IMGs.

III.  ARTIFICIAL NEURAL NETWORK CONTROLLER

In this paper, an ANN controller is used to regulate
frequency on the nominal value in the secondary control level
[12]. The proposed ANN controller has three layers with the
backpropagation training method. ANN acts as an intelligent
unit for LFC application purposes. Fig. 8 shows the basic
elements of an ANN as a simple mathematical model for a
neuron. Each neuron has three basic components: weights wj =
[wy w; ...w,], bias B, and a single activation function fuey.
Inputs x; are multiplied by the related weight of the neuron
connection. Bias 0 is a magnitude offset that is applied to the
activation function of the ka node and output y(k) as follows
[13]:

ve=rf| ) (wxk)+o ©)
j=1

Fig. 7. Frequency response model of interconnected microgrids (a)
without control layers; (b) with primary and secondary control.

The activation function can be represented as a log sigmoid,
sign, tan sigmoid or other suitable functions. For some learning
algorithms such as back-propagation, the derivative of the
activation function fomery is necessary. Thus, differentiable
activation function must be selected.

N met
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Figure 8. Simple model of a neuron.

The weights will be updated based on the following formulas:
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The parameters which are used in the above relations are
presented in Fig. 9.

Figure 9. Process of weights updateing in back propagation method.

I.  SIMULATION

In order to demonstrate the effectiveness of the proposed
frequency/tie-line control scheme for IMGs, some simulations
were carried out. A two IMGs have been supplemented by
ANN controllers to demonstrate the performance of

frequency/tie-line control system using MATLAB/Simulink
environment. To illustrate the effectiveness of the proposed
controller, a two-control area is considered as a test system. It
is assumed that each control area is a complete microgrid. In
this section, the validity of the modeling and control system is
tested using two different scenarios. First, two IMGs with PI
controller are simulated in MATLAB/Simulink environment,
then system is tested using the proposed ANN controller.

A. Scenario I
First scenario is driven considering the same conditions for
both IMGs and applying AP, = 0 - 2 in t=2s to both microgrids.
Fig. 10 shows frequency deviation and Fig. 11 shows the tie-
line power deviation. It is obvious that the ANN controller
provides better performance than the PI controller.
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Figure 10. Performance comparison for PI and ANN controllers for
frequency deviations in scenario 1, a) microgrid 1 and b) microgrid 2.
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Figure 11. Performance comparison for PI and ANN controllers for tie-
line power deviations in scenario 1, a) microgrid 1 and b) microgrid 2.

B. Scenario II
In this scenario, 25% increase in the value of AP in the first
area and at the same time, a 30% decrease in the value of AP, in
the second area is accrued. As shown in Fig. 12 and Fig. 13, the
PI controller is not able to maintain the system stability for
frequency/tie-line power deviation.
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Figure 12. Performance comparison for PI and ANN controllers for
frequency deviations in scenario 2, a) microgrid 1 and b) microgrid 2.
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Figure 13. Performance comparison for PI and ANN controllers for tie-
line power deviations in scenario 2, a) microgrid 1 and b) microgrid 2.

I.  CONCLUSIONS

This study presents the application of ANN in frequency/tie-
line power control of two IMGs. In practice, IMGs generally have
more than two areas and each area are different from the other
ones. The adaptive operation of the neural network controller
is the main advantages of the proposed control strategy and the
validation of the control technique is verified through extensive
simulation for two IMGs. The obtained simulation results show
that the performance of the ANN controller is better than
conventional PI controller against to the non-linearity of the
system and parameters change.
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