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plants has increased to maintain control over the grid's
power and frequency. On the other hand, in response to the

increase in pollutants, efforts have been made to establish
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Introduction

Today, one of the most pressing requirements of people is
having access to clean air and energy 24 hours a day, with the
least number of power outages possible. Population growth has
resulted in an increase in pollution in cities, the most significant
of which is related to power plants that utilize fuel and are forced
to produce more power to maintain the network's power and
frequency control, thereby increasing pollution. Renewable
energy power plants are necessary to reduce air pollution and
maintain network power balance; however, managing them and
connecting them to the grid can be challenging. On the other
hand, optimal utilization of each power plant unit is critical to
achieving the best method of power generation during the day
while maintaining network power balance [1-3]. As a result of
these considerations, it is essential to use robust and optimal

control to manage power in the network.

Numerous studies have been conducted in the field of microgrid
power and frequency control; the most significantof which should
be reviewed. In recent years, researchers have placed a premium
on frequency control, employing various control methods.
One of the studies examined the use of neural networks for
frequency control, optimizing the networks through the use of
highly innovative algorithms [4]. However, the article's primary
flaw is that it ignoresnetwork uncertainty, and there is no delay
between power plant units, which causes the network to become
unstable in the presence of high uncertainty, a significant issue.
Another type of controller that has been widely used in this field
is the fuzzy controller. These controllers can effectively control
the network's frequency and power using this controller and are
one of the most efficient controllers that have received a great
deal of attention [5]. Nonetheless, as with the previous study,
the research overlooks the delay between power plant units and
the uncertainty inherent in system dynamics, both of which can

create several problems for the network.

A recent significant issue is that the majority of research has
concentrated on network frequency control, even though power
control, which is more straightforward than frequency control,
can also be controlled. Several studies [6-15] demonstrate the same
issue, but neither pay attention to network uncertainty or latency,
necessitating the designof a robust controller in this paper. Due
to the network delay and its effect on the system's behavior, and
in order to obtain the optimal response, the optimal controller

is also used, designed using the dynamic programming method.

The second section of the present study discusses the model for
power control and the model for power plant units. The third
section examines mathematical relationships relevant to the
design of robust and optimal controllers. The fourth section
examines the robust controller's output. The fifth section
examines and analyzes the results obtained from both controllers
and presents the optimal controller. The final section concludes

the paper.
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Where KWT denotes the wind turbine gain and TWT denotes

the turbine time constant.

The wind turbine is the first renewable power plant unit, gaining
considerable attention today. This function outputs the wind
turbine's conversion power, and its input is the wind speed,

which can be controlled via the wind turbine's gearbox.
Electric Vehicle (EV) Model

In developed countries, one of the newest technologies is the use
of electric vehicles that can operate in various waysand can either
power or receive power from the grid, where the accumulation of
a large number of these vehicles canhelp balance the grid's power
supply. The first-order linear model is used for this power plant

unit, which is as follows[14]:
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Where K EVdenotes the EV gain and rEV denotes the EV time
constant. This function's output represents the EV'soutput power,
and the battery charge level can control its input. Most countries
are moving toward this technology, which will benefit car owners

and create a balance of power in the network.
Solar Thermal System (STS) Model

This power plant unit utilizes several mirrors to concentrate
sunlight and convert a liquid to steam, with the steamgenerated
by the turbine used to generate power. Because this power plant
unit is composed of four distinct components, each of which is
a first-order function, its mathematical model is a fourth-order

conversion function, as follows [14]:
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Where Kref denotes a refocus gain, rref denotes a refocus time
constant, Kyec represents a receiver gain, rec represents a receiver
time constant, K gov denotes a governer gain, Tgov denotes a
governer time constant, KSTS is STS gain, and r§TS is STS constant
time. The output of this power plant unit expresses the STS unit's

power, and its input angle can be adjusted using the mirrors.
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Microgrid Model

The microgrid is powered by three non-polluting renewable
power plants, and each of them has an input delay thatreflects the
communication delay between the power plants. This microgrid

is depicted in Figure 1.
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Figure 1: Overview of the desired microgrid

A delay of one second is used at the entrance of each power
plant unit. This delay is expressed mathematically inEquation
(4): Where td denotes the delay time.

GDe!ay (s) = H—tzd (4)

As a result, the model of each power plant unit and microgrid
were examined, and the mathematical relationships between

each controller were expressed in the subsequent step.
Controller Relationships

This section discusses the mathematical relationships between
controllers, beginning with dynamic programmingrelationships.

Dynamic Programming

The mathematical models mentioned previously can also be

expressed as a state-space model, as follows:

x =Ax + Bu
y=Cx=PFp (6)

The system states are as follows:

xq [ Pwr ]
X Pgy
X3 Psrs
X4 refocus
x = |Xs|=| receiver ()
X6 governer
X7 WT Dealy
Xs EV Delay
Yol |STS Delay!

The dynamic programming method requires a cost function,
and because the objective is to achieve network powerbalance,

the cost function is defined as follows:
J= 2Py de = [P — P)?di = [P*(Cx — P2 dt (8)

Since each system has several constraints, these constraints are

expressed as follows:

0=x=1 9)

0<u; <10 i=123 (10)
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Normalization has been applied to these bands. Now that the

first discretization is complete, the problem can beexpressed

as follows:
J = At YR 5(Cx —P)? (11)
x(k +1) = (I;x; + At. A).x(k) + At.B.u(k) = A, ., x(k) + B, u(k) (12)

Hence, the u signal must be obtained backward:

Step N:
]*N,N(X(N)) =0 (1)
Step N-1:
J (N — 1)) = CZx3(N — 1) — 2Cx(N — 1).P,(N — 1) + P,2(N — 1) (14)
Ty (XN = 2),u(N — 2)) = min (c2x*(N = 2) — 2Cx(N = 2). P,(N = 2) + P2 (N — 2)) +
: u(N~— (15)
j*N—l,N(x(N - 1)
T yoan(x(N = 2),u(N —2))
= min (szZ(N —2)—2Cx(N —2)-P,(N—2)+PZ(N—2)
u(N-2) (16)
+ C2(ApeyX(N — 2) + By t(N — 2))” — 2Cx(ApuyX (N — 2) + Byyyu(N — 2)) - B, (N — 1)
+PE(N —1))
After deriving Equation (16) from the u signal, the result is
obtained as follows:
u(N —2) = —(CB) *CAx(N —2)+ (CB)*P,(N—1) = —Fx(N—2) + (CB)*P,(N — 1) (17)
Following that, repeat these steps until the end, and the final
control signal is as follows:
u*(n) = —(CB) CAx(n) + (CB)*P,(n+ 1) = —Fx(n) + (CB) P, (n+ 1) (18)
Therefore, to satisfy the load and generate an appropriate control A, 0 0 0
signal, the load must be predicted in advance andthen usedand 5 |9 42 0 g
placed in this context to produce the desired result. This control g g 33 A, (19)

signal is used, and the following sectionperforms the simulation.
The nominal system is stable and controllable, and three issues
Robust Controller in robust control should be considered: nominal performance,
robust stability, and robust performance. The following
This section employs robust control relations, and as a result, a  mathematical relations address these three issues:
controller for this system is created. Because thereis uncertainty
in the dynamics of systems, in reality, the input and output of this
system are considered uncertain, andthe matrix of uncertainty is

as follows:
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sup pls [|1F (G, K)|| ] < o - Nominal Performance (20)
sup pA [||F (G, Krop)llo] <0 — Robust Performance (21)
sup A [|1F1(G, Krop)ll] <0 =  Robust Stability (22)

The shape of each of the elements is as follows:

As
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—>
u
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—

Figure 2: Overview of the system's uncertainty block and controller location

Where G denotes a microgrid system model, thus:

Al [0
“[o s

(23)
A is placed between input w and output e and is used for robust
performance. Additionally, a high-speed and high- interest
actuator must be considered in these simulations. Now, each
of the blocks should be designed in Heo robust control, and are

expressed as follows:

3.2
Wo(s) = 150s+1 (24)
W, (s) = 0.001(2s+4) (25)

S+1

Where Wp(s) denotes the weight related to the performance
and Wy(s) denotes the weight related to the control signals.
Subsequently, the relationships were thoroughly examined, and

the simulation results are presented in thefollowing section.

Robust Controller Results

First, the nominal performance, robust stability, and robust
performance are validated following the simulation toensure that
the conditions outlined above are met (Figure 3). As shown in
Figure 3, they were all less than one and thus met the robustness
criteria. The network's power balance is presented in Figure 4,
which is not established during the early hours due to the same
network delay. The response fluctuates due to the same delays
(zeroes to the right of the imaginary axis) that causes undershoot.

Figure 5 depicts the magnitude of the control signal.
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Figure 3: Robust stability, nominal performance, and robust performance in the microgrid

1

" "

Figure 4: The power balance in the network

As can be seen, when the load changes, the control signal must
also change in order to maintain network balance. Thus, all of the
objectives outlined in this paper for developing robust control
were met, and the results indicated thatthe optimal controller

could be simulated through the following step.

Optimal Controller Results

Following the simulation and application of the control signal

obtained in the preceding steps, the following figuresillustrate the

simulation result:
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Figure 7: Control signals
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As shown in Figure 6, the system states are between 0 and 1,
indicating that the condition is satisfied. On the other hand,
several states have changed in response to changes in the load,

demonstrating the simulation's accuracy. As illustrated in Figure

7, the control signals are within the desired band, and when the
load changes, the control signal changes as well, indicating that
an attempt at power balance has been made. Additionally, Figure

8 depicts the cost function, which has been reduced to zero.

Coptlive Fenchan

Farpe

trm

Figure 8: Cost function changes in 24 hours

As can be seen, the difference between load and production
power was significant during the first hour. However,after two to
three hours, the difference between production and consumption
power was negligible, indicating that the controller performs
its function correctly while explaining the difference during
the early hours. Furthermore, it is dependent on the starting
conditions, which can be adjusted to balance them during the
primary hours; however, because the objective is to evaluate
the controller's performance, these initial conditions have been
considered. The model's delay is another explanation for the
initial hour disparity. The data obtained show that all objectives

were met.

Conclusion

Microgrids receive considerable attention today due to their
critical role in the power grid and are subjected to many
optimization and control tasks. One of the most critical aspects
of any network is its resistance to uncertainty. Furthermore,
because power grids have a communication delay between
power plant units, this delay should be modeled in the network
to ensure that the results are more accurate and realistic. In

addition, achieving the optimum result is another goal that must

be achieved. Thus, this paper aims to design robust and optimal
controllers by considering the delay in the simulated model, with
the results indicating that the optimum outcome is achievable
despite the delay and uncertainty. This method can also be
replicated in large-scale distributed networks, which will likely

be implemented in the near future.
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