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Abstract

At present, simple and classical tuned controllers are widely used in the power 
system load frequency control (LFC) application. Existing LFC system parameters 
are usually tuned based on experiences, classical methods, and trial and error 
approaches, and they are incapable of providing good dynamic performance over a 
wide range of operating conditions and various load scenarios. Therefore, the novel 
modeling and control approaches are strongly required, to obtain a new trade-off 
between efficiency and robustness. Thus, the proposed techniques in this chapter 
are referred to be an adaptive control technique based on new optimization meth-
ods such as Jaya, Practical Swarm Optimization Algorithm, etc., which are used to 
make an on-line tuning of the LFC parameters in order to face the previous chal-
lenges in LFC. The system under study is a small microgrid with a renewable energy 
source and variable demand load. Digital simulation results are discussed.

Keywords: load frequency control, power system, microgrid, adaptive control, 
optimization method

1. Introduction

A general power system is a complex electrical network that consists of genera-
tion networks, transmission networks, and distribution networks in addition to 
loads that are being distributed throughout the network over a large geographical 
area [1, 2]. In the power system, well-designed controllers are requested during the 
system variations to maintain the stability of the power system as well as guarantee 
its reliable operation.

The growth of the industries leads to increase the complexity of the power 
system. System frequency depends mainly on the active power, while system 
voltage depends on the reactive power. So, the control viewpoint of power systems 
can be classified into two independent issues. One is focusing on the control of 
the active power along with the frequency what is called load frequency control 
(LFC), while the other one is to deal with the reactive power along with the voltage 
regulation [3].

Load frequency control of an interconnected power system means the intercon-
nection of more than one control area through tie lines. Sudden load variation in 
any control area of an interconnected power system will lead to both frequency 
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change and tie line power deviation. Large frequency fluctuations may cause 
sometimes what is called system blackout [4].

The main objectives of load frequency control (LFC) are [5, 6] as follows: 
1—regulating frequency and tracking the load demands. 2—Ensuring zero 
steady-state error for frequency deviations. 3—Maintaining frequency and 
power interchanges with neighboring control areas at the specified values. 4—
Controlling the change in tie line power between control areas. 5—Maintaining 
acceptable overshoot and settling time on the frequency and tie line power 
deviations.

1.1 Reasons for limiting frequency deviations

Frequency deviations should be within restricted limits for some reasons [7]:

i. To keep the three phase AC machines, in which its running speed relates 
proportionally to the supply frequency.

ii. To keep the turbine’s blades that are designed to operate at a particular speed, 
but the change of supply frequency will cause variation in this speed. This 
speed change may cause damage of the turbine blades.

iii. When frequency goes below rated frequency at the case of constant system 
voltage, then the flux in the core increases, and then the transformer core 
goes into the saturation region.

iv. The frequency error may affect negatively on the digital storage and retrieval 
process.

1.2 Load frequency control (LFC) problems

If it’s not required to maintain the frequency constant, then the system fre-
quency and speed change with the characteristics of the governor as the load 
changes, and the operator is not required to change the setting of the generator. On 
the other hand, if constant frequency is required, the operator can adjust the veloc-
ity of the turbine by changing the characteristics of the governor.

Most published research in this field neglects uncertainties [8] and practical 
constraints [9] and furthermore, suggest complex control structures with impracti-
cal frameworks, which may have some difficulties when implementing in real-time 
applications [10].

As a result of considerable degree of interconnection, the presence of technical 
and economic constraints, and the traditional requirements of system reliability 
and security, operating the power system in the new environment will certainly be 
more complex than in the past. At present, simple and classical tuned controllers are 
widely used in the power system LFC task. Existing LFC system parameters are usu-
ally tuned based on experiences, classical methods, and trial and error approaches, 
and they are incapable of providing good dynamical performance over a wide range 
of operating conditions and various load scenarios. Therefore, the novel modeling 
and control approaches are strongly required, to obtain a new trade-off between 
efficiency and robustness.

Thus, this chapter presents an adaptive control technique that uses new 
optimization methods to make an on-line tuning of the LFC parameters to 
deal with both load demand changes and fluctuations resulted from renewable 
energy sources.
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2. System under study

Recently, remote off-grid MGs have been widely developed especially for rural 
and distant areas, in which providing electrical energy from the main utility grid is 
costly and has destructive environmental effects. There are many real MGs installed 
for providing the electrical energy for distant areas [11–14].

Low inertia and dynamic complexity are the most important challenges in the 
MGs. Therefore, if a mismatch between the load and power generation occurs, the 
MG frequency deviation is inevitable. Therefore, it seems that the robust control 
design strategies can be considered as powerful solutions to achieve robust perfor-
mance and stability [15–16]. Several optimization techniques have been proposed 
by researchers to tune the control parameters using simulation of the entire system 
and to damp the frequency fluctuation [17] such as optimization of controller 
parameters [18–19].

The system used in this chapter is a microgrid power system shown in Figure 1 
consisting of a 20 MW diesel generator and 17 MW load. The nominal parameters 
of the system are listed in Table 1. The simulation results have two scenarios.

The dynamic model of the proposed microgrid power system can be described 
in the following equations [5]:
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Figure 1. 
Block diagram of the system under study.

Ki D (pu/Hz) M (pu.sec) R (Hz/pu) ( )secgT ( )secdT

−0.3 0.015 0.08335 3 0.08 0.4

Table 1. 
Data of the microgrid power system [5].
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3. Optimization techniques

3.1 Particle swarm optimization (PSO)

PSO is one of the famous optimization techniques. It has been derived from the 
social-psychological theory. PSO has some features such as:

PSO is basically developed through simulation of the bird flocking in two-
dimensional space. The position of each particle is represented by XY axis position, 
and the velocity is represented by Vx and Vy. The position and velocity information 
will guide the modification of the particle position. Bird flocking optimizes a certain 
objective function. Each particle knows both of its XY position and its best value 
(Pbest). Each particle knows the best value so far in the group (gbest) among (Pbest).

This information is analogy of knowledge of how the other particles around 
them have performed. Namely, each particle tries to modify its position using the 
following information [20–22]:

• The distance between the current position and Pbest and the distance  
between the current position and gbest.

• The current positions (x, y) and the current velocities (Vx, Vy).

Velocity of each particle can be modified by the following equation:

 ( ) ( )+ = + * - - * -1
1 1 , 2 2 ,

k k k k k k
i i best i i best i iV wV c rand P s c rand g S   (4)

where

k
iS current position of particle i at iteration k
k

iV velocity of particle i at iteration k

,
k
best ip personal best of ith particle at iteration k

,
k
best ig global best of ith particle at iteration k.

c1, c2 social parameters

w the inertia weight used to accelerate the 
obtaining of the global best solution in the 
search space.

rand1, rand2 positive random numbers drawn form a 
uniform distribution between [0,1].

The inertia weighting function is utilized as follows:

 max min

max

w w
w Iter

iter

-
= ´   (5)

where: 

maxw Initial velocity

minw Final velocity

maxiter Maximum iteration number
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Using Eq. (4) and Eq. (5), a certain velocity (which gradually gets close to (Pbest 
and gbest)) can be calculated, and the current position can be modified by the fol-
lowing equation:

 + +
= +

1 1k k k
i i iS S V   (6)

Figure 2. 
PSO’s concept of searching point.

Figure 3. 
Flow chart of Jaya method [10].
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where
1k

iS + : modified position of particle i at iteration k.
1k

iV + : modified velocity of particle i at iteration k.

Figure 2 illustrates the modification concept of searching point by PSO.

3.2 Jaya optimization method

In2015, Venkata Rao has presented as a new optimization algorithm. One 
of the main advantages of Jaya is that there is no need to tune of its param-
eters. There are similarities between Jaya and the Teaching-Learning-Based 
Optimization (TLBO) [22].

The idea of Jaya is pushing the problem to move towards the best solution and 
avoid moving towards the worst solution. The flowchart illustrated in Figure 3 
shows the work procedures of the Jaya algorithm.

The advantages of Jaya algorithm can be concluded as follows [23, 24]:

1. It does not contain the problem of the selection of algorithm-specific control 
parameters.

2. It can solve unconstraint and constraint problems.

3. It is suitable for discrete optimization problems.

4. Ease of solving.

5. Jaya algorithm has a victorious nature, and this leads it to be more powerful.

4. Simplified microgrid model for optimization methods

It will be more effective to build the objective function of the optimization 
algorithm, if the total transfer function of the controlled system is in standard 
second order form, so it will be easy to use the standard parameters such as natural 
frequency, settling time, and rise time , ,n s rT and Tw .

A simplified microgrid model shown in Figure 4 is applied to drive the standard 
second order transfer function

 ( )
( ) ( )

2

2

2 2 2 . 1
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From this transfer function, the parameters w , ,n s rT and T  can be calculated. 
These parameters can be applied in the objective function of the optimization 
methods.

 n s rJ T Tw= + +  (8)
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5. Adaptive load frequency controller-based optimization techniques

Figure 5 illustrates the block diagram of an adaptive load frequency controller of 
micro-grid power system. In this technique, optimization methods such as Jaya and 
PSO are used to make on-line tuning of the gain of the area controller.

6. Simulation results

6.1 Adaptive LFC-based PSO

Figure 6 shows the system response of the system with adaptive LFC controller-
based PSO in case of step load demand ( Ä 0.02LP pu= . At t = 3 s). Both frequency 
and diesel power are illustrated in the figure. It can be noted clearly that the adap-
tive controller could improve the system responses compared with fixed parameters 
controller. Figure 7 shows the output of PSO.

6.2 Adaptive LFC-based Jaya algorithm

Figure 8 illustrates the system response of the system with adaptive LFC controller-
based Jaya algorithm in case of the same step load demand. The figure supported that 
the system with the adaptive controller gives more robust performance compared with 
the system with fixed parameters controller. Also, Figure 9 shows the output of Jaya.

Figure 5. 
Block diagram of the adaptive LFC system.

Figure 4. 
Block diagram of simplified microgrid model.
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6.3 Comparing Jaya algorithm with PSO

Table 2 presents a comparative performance analysis of Jaya algorithm with 
PSO. Each test function used the same number of iterations and population. PSO 
parameters are stated in Table 3. Table 2 shows that the Jaya technique can give 
good speed convergence characteristics as compared to PSO.

Figure 7. 
Tuned controller gain using PSO.

Figure 6. 
System response using adaptive LFC-based PSO (…… fixed parameters controller ــــــــــ adaptive  
controller-based PSO).
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Figure 9. 
Tuned controller gain using Jaya.

Figure 8. 
System response using adaptive LFC-based PSO (…… fixed parameters controller ــــــــــ adaptive  
controller-based Jaya).

Functions aD Search space Statistical values PSO Jaya

Ackley 5 [−10,10] Best 3.85e−05 2.70e−16

Worst 3.88e−05 2.70e−16

Sphere 5 [−10,10] Best 1.79e−08 4.77e−14

Worst 1.82e−08 4.77e−14

Table 2. 
Comparative performance indexes of different test functions.
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Figure 10 shows the value of the objective function (Jmin) with the number of 
J-evaluation in case of using Matyas function for 50 population size. It can be noted 
that the Jaya technique converges relatively faster than PSO.

Figure 10. 
Convergence characteristics for Matyas function.

Figure 11. 
System response using adaptive LFC-based PSO (…… adaptive controller-based PSO ــــــــــ adaptive  
controller-based Jaya).

Parameters Values

Swarm size 50

Inertia weight (w) 1

Inertia weight damping ratio (wdamp) 0.99

Personal learning coefficient (C1) 1.5

Global learning coefficient (C2) 2.0

Table 3. 
Algorithm-specific parameters values for PSO.
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Figure 11 illustrates a comparison between Jaya and PSO using the proposed 
objective function presented in Eq. (8). The figure indicates that system with 
adaptive controller tuned by the Jaya optimization method gives good response 
compared with the system with adaptive controller tuned by PSO. It could minimize 
the overshoot and the settling time.

6.4 Case of presence of renewable energy source

In this case of study, the system with proposed controller has been tested under 
fluctuation resulted from renewable power generation such as power generated 
from wind turbine as shown in Figure 12. The simplified dynamic model of the 
wind turbine is presented in the following transfer function:

 1
1WTG wind

WT

P P
T S

æ ö
D = Dç ÷

+è ø

 (9)

Figure 12. 
Block diagram of the adaptive LFC system in the presence of a wind energy source.

Figure 13. 
Output power of the wind turbine.
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Figure 13 illustrates the power of the wind turbine.
The system with proposed controller tuned by Jaya algorithm has been com-

pared with the system with conventional fixed parameter controller, and the result 
is shown in Figure 14. this result supports the efficiency of the controller with 
Jaya optimization in dealing with frequency variation that resulted from the wind 
energy source.

7. Conclusions

This chapter presents an adaptive load frequency controller in a microgrid 
power system. The gain of the proposed controller is tuned by optimization 
techniques. The system under study consists of a microgrid with a 20 MW diesel 
generator and 17 MW demand load. PSO and Jaya optimization algorithms have 
been used to tune the gain of the system controller. The system with Jaya has been 
compared to the system with PSO and the system with fixed controller param-
eters in the case of step load change. Simulation results indicated that the system 
with Jaya optimization can give the best performance at the moment of step load 
demand. In addition, the system with Jaya algorithm has been compared to the 
system with a conventional controller in case of frequency fluctuations resulting 
from a wind energy source. Digital simulations supported the superiority of the 
Jaya optimization method.
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