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Abstract—Power systems include multiple units linked together to
produce constantly moving electric power flux. Stability is very
important in power systems, so controller systems should be
implemented in power plants to ensure power system stability
either in normal conditions or after the events of unwanted
inputs and disorder. Frequency and active power control are
more important regarding stability. Our effort focused on
designing and implementing robust PID and PI controllers based
on genetic algorithm by changing the reference of generating
units for faster damping of frequency oscillations.
Implementation results are examined on two-area power system
in the ideally state and in the case of parameter deviation.
According to the results, the proposed controllers are resistant to
deviation of power system parameters and governor
uncertainties.
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I. INTRODUCTION

A power system includes multiple power plant units
constantly connected to each other while power flux is moving
among them. Power systems should be operated in such a way
that they remain stable or return to stable condition as soon as
possible. If the power system frequency -which is equal to the
frequency of production units electrical power output- is
deviated, this leads to a difference between the speed of stator
and rotor rotating magnetic fields in the air gap of synchronous
generators. If this difference is low or quickly eliminated,
synchronous generator remains in stable condition but if this
difference becomes greater, the rotating magnetic fields will
not be stable in the coupled state. Any synchronous generator
output power in the production unit will be injected into the
power system. Following this, the load of generator will be
eliminated. So, rotational speed of rotor shaft will suddenly
increase, which is probable to cause damage like cracks in the
rotor or even total destruction of the power system stability. So,
frequency of different areas and the power flux between them
can be considered as fundamental stability factors in a power
system. When load increases, the turbine speed will be
reduced. As long as governor coordinates input vapor with new
load, speed reduction may lead the power system to instability.
Load Frequency Control (LFC) problem is a way to restore
nominal values of frequency by adding PI or PID controllers as
supplementary controller system.
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II.  LOAD FREQUENCY CONTROL

Since real power (P) with frequency (f) and reactive power
(Q) with voltage amplitude (|V|) are associated, by considering
the importance of keeping frequency and voltage amplitude at
desirable level, control of real and reactive power is very
important. As noted, for a power system to perform in
favorable state it is necessary for the frequency to remain
constant. In order to maintain frequency stability it is necessary
to prevent deviation in the outflow of production units.
However, since power in a power system is supplied by a large
number of generators, it is necessary the extra power requested
to be divided appropriately among production units. Main
speed control in each production unit is performed by
governor. In other words, governor is the primary frequency
controller. Higher control process is performed by other
controllers added to the system as supplementary controllers.
This process is called load frequency control (LFC).

III. BACKGROUND AND SOLVING METHODS TAKEN FOR LFC
PROBLEM

Several attempts to solve LFC problem have been carried
out. The installation of photovoltaic (PV) in [1] and possible
uncertainties caused by time delays in [2] can be mentioned. In
[3] complex and nonlinear parameters of a decentralized LFC
problem have been inspected. In [4] authors designed a
differential controller based on fuzzy logic to solve the LFC
problem in a restructured environment. In [5] the problem is
solved using a method called SOA. In order to solve LFC
problem PID controllers based on genetic algorithm are used.
In [6] a two-stage controller which prevents disorders from
entering the power system is proposed. LFC solving methods
are divided into following categories.

A. Classic Controller

In this method, error signal is based on the integrated
control error. In the classical approach, to reach desirable gain
margin (K,,) and phase margin (¢,) in Bode plot, Nyquist
curve is used as reference locus. This controller is simple to
implement but according to the results obtained in [7], power
systems containing this controller have poor dynamic
performance.
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B. Adaptive Controller

Adaptive controllers have more flexibility than classic
controllers. Some examples are adaptive multipart controller
system [8], declined adaptive controllers [9] and adaptive with
regard to hydro-thermal production units [10].

C. Robust Controller

Significant efforts to protect controller system against the
uncertainty parameter changing in a power system are [11-13].
In [12] designing a robust controller based on Q-
parameterization is presented. In [14] by combining robust and
adaptive controllers, a new design of a robust adaptive
controller is presented to solve LFC problem.

D. Intelligent Controller

Classical and non-flexible controller cannot be a proper
response agent for the problem of frequency control in power
systems with large dimensions. This led to the use of intelligent
control methods [15-17]. In [18] authors presented a H,,-based
control method to raise the level of performance in controller
system. In [19] intelligent hybrid method using a method based
on artificial neural network and fuzzy logic is presented.

E. Digital Controller

In comparison to analog controllers, digital controllers have
high accuracy and reliability, are more compact in size, less
sensitive to noise and more flexible. The first attempt to
implement a comprehensive digital regulator for direct control
on power systems is given in [20]. In [21] authors give
important results in the field of digital modeling of LFC
problem and an indication that determines the impact of carried
out control efforts on power system stability.

IV. GENETIC ALGORITHMS

GAs are one of the algorithms used in order to optimize
engineering problems. The purpose of a GA algorithm is to
change variable values through generations in order to optimize
a objective function. In this method, the specific initial
population (as initial generation) for each variable considered
can be customized. It is necessary to take a series of
implemented attempts so that each generation has better
features than its ancestors. Better property is the presence of
values that lead the objective function towards the optimal
point. Let [X,Xp,...,X,] be the parameters of an optimization
problem and F(x,Xp,...,X,) their objective function. The
objective is to achieve x; values to be determined in such a way
that finally F(x,Xy,...,X,) is located very close to its minimum
value. At first, for each x; a matrix with dimension NxP is
obtained that has N chromosomes and each of them has p
genes. Using specific criteria, each chromosome will be
equated to a continuous numeric value. Then by putting each of
these values in the objective function the desirability of a
chromosome can be judged. Most successful chromosomes
pass to the next generation and some of them are mutated. The
steps are repeated until the objective function reaches optimal
point or the changes in objective function’s values though
generations are meaningless. It should be noted that a huge
number of calculations has to be done at each stage because all
these steps for each x; parameter must be carried out in parallel.

V. LFC MODELING

In Figure 1 the relation between change of generator output
frequency with input and output torques is shown. T, is output
electric torque, T, 1is input mechanical torque, T, is
acceleration torque and H is the constant of generator inertia

[7].
T, 1
Typ—o:® a ——s
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Conversion function of speed and torques

Fig. 1.

If statements with high degrees are negligible, (1) is
obtained.

AP, — AP, = AT, — AT, (1)

where AP, and AP, are changes of output electrical power and
input mechanical power respectively.

A. Load Response forFrequency Deviation

Load in a power system is a combination of different types
of electrical equipment. In general, electrical loads, are divided
into two categories, independent of frequency loads (ohm
loads, etc.) and frequency-dependent loads (electric motors,
etc.). So, load variations equal to change of generator output
electric power are expressed as:

AP. = AP, + DA, )

In (2), AP, is independent of frequency load changes,
DAw, is dependent on frequency load changes and D is load

damping coefficient. According to the above, the block
diagram in Figure 1 is amended as the block diagram in Figure
2.

+, 1
AP, JHs+D e

AP,

Fig. 2. The function of speed and power by considering the impact of

changes in load frequency

B. Isochronous Governor

An isochronous governor is restoring power system
frequency to its nominal value by adjusting turbine valves. It
should be noted that this type of governor can operate in one
area power systems. If it is used in a multi-area power system,
conflicts between production units to bring the system
frequency into its planned will emerge and could disrupt the
power system stability. To solve this problem, amended
governors known as governors by drop characteristics are used.

C. Governors by Drop Characteristics

This governor is equipped with a feature that responses to
load increase by decreasing the speed. Each production unit has
a drop characteristic of its own. Figure 3 shows this type of
governor. R is drop characteristic and TG is equal to a
coefficient of its inverse.
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If Af'is the change in frequency, AP, is load changes and
AP, is change of output power of production unit i. Based on
the above we obtain (3)-(5).

sp=p -p= 3)
Ri

AR _ AR, )

AP AR

AR+ AP, = AP, 5)

So, by changing 4P; in load the contribution of produced
power per unit depending on each drop characteristic is
determined. This type of governor in LFC problem leads to a
unique frequency f’ as a new operating point of the power
system. So, unlike isochronous governor in this case, individual
generators final speed values are unequal.

D. Change in Reference Load of ProductionUnits

According to Figure 4 the power system frequency and the
production unit output electric power are related. A way to
decrease the oscillation time damping of the frequency is
controlling the output power of production units. This type of
control is performed by changing the reference load of units as
shown in Figure 5.

T - 1

refrence load
Fig. 5. Governor with reference load control
By changing the reference load, drop characteristic curve of
governor shifts up or down. In other words, the output power at
any given frequency can be changed by changing the reference
load. Figure 6 shows the role of reference load in controlling
unit output power and drop characteristic of their governor. In
fact, intervening in the stabilization process of a power system
is possible by changing the reference load. Therefore, desirable
stabilization is done in the shortest time possible and the power
system is unstable for less time by the addition of controllers
like PI or PID. The overall block diagram of LFC problem for a
two-machine system is given in Figure 7.
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Fig. 7.

Overall block diagram of LFC problem for a two-machine system

VI. SIMULATION

Based on genetic algorithm PI and PID controllers were
designed in MATLAB. Designed controllers were applied to
the power system. Simulation results of the enhanced power
system’s response to an increase of 0.02 pu in load in an area
within first 40 seconds after the incident has been investigated
in different states. The definition of error signal in load
frequency control can be divided in two modes, regardless of
the uncertainties (ideal) and considering them.

A. Controller Design in Ideal State

For the definition of error signal the power system
uncertainties are discarded. Equation (6) gives the ideally ITAE
error as objective function of LFC problem.

Ep = [ 00+ |00 820D or 0 (©)

where Af| and Af, are frequency oscillations of areas and
Ap,, is the power flux. The objective function can be

implemented in MATLAB by using the block diagram shown
in Figure 8. During system operation with the designed
controller, it is likely for power system parameters to be
deviated. So, it is possible to not achieve optimal damping
oscillations. To design PID controller’s parameters for the
objective function, (6) was used. Obtained optimum values for
the designing of the PID controller in ideal state, by using
genetic algorithm, are given in Table I. The obtained optimal
parameters have been achieved at the 222th step of the GA
algorithm. The designed supplementary controller was applied
in the power system at 80%, 100% and 120% of nominal
parameter values. Figures 9-11 correspond to the frequency
oscillations in zones 1 and 2 and flux oscillations between
them. According to Figures 9-11, by designing additional
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controllers, optimal damping for 100% and 120% values is
obtained. When the power system parameters are at 80% of
their nominal values, the oscillation damping is inappropriate
and the power system will become unstable.

Fig. 8.
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Fig. 9. Applying ideally designed controllers in nominal values:
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Fig. 10.  Applying ideally designed controllers in 0.8 of nominal values:
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Fig. 11.  Applying ideally designed controllers in 1.2 of nominal values:
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TABLE L. OPTIMAL PID CONTROLLER PARAMETERVALUESIN IDEAL
STATE
PID parameters
P 26.051
Area 1 1 85.352
D 19.71
P -29.356
Area 2 I 0.007
D -0.986

B. Controller Design by Considering Uncertainties

To achieve a robust controller system in addition to
nominal mode, it is required to investigate the power system in
terms of maximum possible deviation -when parameters are
20% deviated. In this case, the objective function is:

Ts
E o = .[0 t(|Af1| + |Af2| + |Ap12|) |0P7048
+ IOTS t- (|Af1| +|Af2| + |AP12|) |0P71.0

Ty
+ .[0 t(|Af1| +|Af2| + |Ap]2|) |0P71.2

which can be implemented in MATLAB by using the block
diagram shown in Figure 12. Objective function in (7) has been
used to design the PI and PID controller parameters. Optimum
values obtained for the design of PID and PI controllers in case
of uncertainties and by using GA are given in Tables II and III
respectively. Optimal values for the design of PID and PI
controller has been achieved at 236th and 179th step of the GA
algorithm respectively. The results of applying the designed
controllers in cases of 100%, 80% and 120% of nominal values
of system parameters are given in Figures 13-15 respectively.
According to the results, if the controller design is conducted
with regard to uncertainties, optimal damping in frequency
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Fig. 12.

Block diagram of LFC objective function considering uncertainties

oscillations and power flux between areas will be achieved. Akl @)
PID controller acts more favorable than PI in oscillation
damping. Since the difference is insignificant, the main role in
control process of PID controller is done by the existing PI in -
it.
] —pm
TABLE II. OPTIMAL VALUES OF PID CONTROLLER PARAMETERS IN THE 12 ‘ , . !
CASE OF CONSIDERING UNCERTAINTIES 5 10 % 2 2 30 ¥ @
x 10
PID parameters 0.5 ' o AR2 (b)
P 9.455 0 e
Area 1 1 72.852
D 19.363 \
P -29.667
Area 2 1 0 ]
D 0414 I W‘
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TABLEIIl.  OPTIMAL VALUES OF PI CONTROLLER PARAMETERS IN THE ~o 5 10 15 20 25 30 35 40
CASE OF CONSIDERING UNCERTAINTIES 2;x107* . .
P AP12 P—
PI parameters 0 e
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Areal i 11.69 v 7
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Fig. 13.  Applying designed controllers in nominal values in the case of
considering uncertainties: (a) Afl, (b) Af2 and (c) Ap,
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Fig. 16.  Implementation of ideally designed controllers with 20% governor

parameters deviation

According to the results in the case of deviations in
governor operation point, area frequency oscillations emerged
somewhat unfavorable but this event did not cause power
system instability.

VII. CONCLUSION

Frequency stability is one of major necessities in power
systems. Controller systems in production units should be
implemented to ensure power system stability not only for
normal conditions but also after the occurrence of unwanted
entries and disorders. Therefore, it is necessary to add
controllers like PI or PID with optimized parameters for
oscillation damping in the shortest time possible, so that power
system is unstable less time. In this paper, GAs was used in
order to obtain the controller parameters. However, regardless
of uncertainties in the designing of PI and PID controller
parameters the designed controller system will be vulnerable in
the face of power system parameter deviations. In order to
achieve a robust controller system, it is necessary to consider
power system parameter deviation among designing
supplementary controllers. On the other hand, the PID
controller in comparison with the PI controller gives faster
results with better oscillation damping. Results show that even

C. Deviation in Operating Point of Governor in ideal controller design, deviations of governor parameters

The results of the implementation of ideally designed PI ~ are nota threat to stability and just cause lower damping.

and PID controllers when governor parameters are deviated by
20% are given in Figure 16.
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