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Abstract

Imperialist Competitive Algorithm (ICA) has recently been explored to develop a novel algorithm
for distributed optimization and control. This paper proposes a Model Predictive Control (MPC) of Load
Frequency Control (LFC) based ICA to enhance the damping of oscillations in a two-area power system. A
two-area non-reheat thermal system is considered to be equipped with Model Predictive Control (MPC).
ICA is utilized to search for optimal controller parameters by minimizing a time-domain based objective
function. The performance of the proposed controller has been evaluated with the performance of the
conventional PI controller, and PI controller tuned by ICA in order to demonstrate the superior
efficiency of the proposed MPC tuned by ICA. Simulation results emphasis on the better performance of
the optimized MPC based on ICA in compare to optimized Pl controller based on ICA and conventional
one over wide range of operating conditions, and system parameters variations.

Keywords: imperialist competitive algorithm, load frequency control, model predictive control

Copyright © 2015 Institute of Advanced Engineering and Science. All rights reserved.

1. Introduction

Frequency control, during the load and generation imbalance, represents a very
imperative issue for large-scale power systems. Automatic generation control (AGC) plays a
significant role in the power system by maintaining the scheduled system frequency and tie-line
power flow during normal operating conditions and during small perturbations [1-3]. This
function of an AGC is always referred to as “load frequency control (LFC)” as mentioned by
Kundur [2]. LFC is often considered as one of the first and foremost large-scale, decentralized,
robust controllers in engineering practice. LFC is accomplished by two different control actions
of the primary speed control and supplementary speed control in an interconnected power
system.

Several approaches such as optimal, genetic algorithm (GA), particle swarm
optimization (PSO), bacterial foraging optimization (BFO), etc., for the design and optimization
of the LFC system, have been reported in the literature [4-15]. Modern optimal control concept
for AGC designs of interconnected power system was firstly presented by Elgerd and Fosha [4-
5]. Genetic algorithms (GAs) have been extensively considered for the design of AGC. Optimal
integral gains and optimal PID control parameters have been computed by GAs technique for
an interconnected, equal non-reheat and reheat type two generating areas [6-7]. In [8] the
Parameters of PID sliding-mode used in LFC of multi area power systems with nonlinear
elements are optimized by GA. In [9], GA is used to compute the decentralized control
parameters to achieve an optimum operating point for a realistic system comprising generation
rate constraint (GRC), dead band, and time delays. The use of particle swarm optimization
(PSO) for optimizing the parameters of AGC, where an integral controller and a proportional-
plus-integral controller, is reported in [10]. In [11] the parameters of PI controller are designed
by PSO with the new cost function and compared their results with [10]. In [12], a robust PID
controller based ICA used for LFC application. The authors of [13-14] have proposed bacterial
foraging optimization algorithm (BFOA) for designing Pl and PID-based load frequency
controller for two-area power system with and without GRC. In [15] a new optimization algorithm
based on the law of gravity and mass interactions is introduced. In the algorithm, the searcher
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agents are a collection of masses which work with each other based on the Newtonian gravity
and the laws of motion.

Model Predictive Control (MPC) is improved considerably in the last decades in
field of control. It has a lot of advantages such as fast response, and stability against
nonlinearities, constraints and parameters uncertainties [16]. In [17-21] some applications of
MPC on LFC.

This paper proposes the ICA for optimal tuning of MPC controllers in two area
interconnected power system to damp power system oscillations. The MPC control design is
formulated as an optimization problem and ICA is employed to search for optimal controller
parameters by minimizing a candidate time-domain based objective function. The performance
of the proposed MPC-based ICA is evaluated by comparison with Pl-based ICA. Simulations
results on a two-area test system are presented to assure the superiority of the proposed
method compared with Pl-based ICA and conventional one.

2. Imperialist Competitive Algorithm

Imperialist Competitive Algorithm (ICA) is a novel artificial intelligence technique that
uses imperialistic competition process. This algorithm starts randomly with an initial population.
In this algorithm a country represent an individual of the population. Some of the best countries
are chosen to be the imperialist states and all the other countries form the colonies of these
imperialists. the colonies of initial population are divided among the imperialists based on
their fitness. After this step, these colonies start moving toward their relevant imperialist country
[22, 23]. Figure 1 shows the flowchart of the ICA. Figure 2 shows the movement of a colony to
its relevant imperialist. In this motion, 8 and x are selected randomly with uniform distribution as
demonstrated in (1) and (2).

x = u(0,b x d) (1)

q =u(-g,9) @)

Where [ is a number higher than 1, d is the distance between colony and imperialist
and y is a limit angle that adjusts the deviation from the original direction [23]. In this paper the
values of 3 and y are selected 2 and 1/4 (Rad) respectively.

3. Model Predictive Controller

Model Predictive Control (MPC) has been proved as an effective and accepted
control strategy to stabilize dynamical systems in the presence of nonlinearities,
uncertainties, constraints and delays, especially in process industries [17-21]. A MPC scheme is
shown in Figure 3. As shown, the MPC consists of prediction and controller unit. The prediction
unit forecast future behavior of system depend on its current output, disturbance and control
signal on a finite prediction horizon. The control unit uses the predicted output in minimizing
the objective function in presence of system constraints. There are a lot of formulations of
the MPC that are different either in a formulation of the objective function [16, 24]. In the
MPC the measured disturbance can be compensated by the method of feed forward control.
Unlike feedback controller, feed forward control rejects the measured disturbance before affect
on the system. Feed-forward control used in association with feedback control; the feed-
forward control reject most of the measured disturbance effect, and the feedback control
reject the rest as well as dealing with unmeasured disturbances. More details of this
control method could be found in [24].
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Figure 1. Flowchart of the ICA
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Figure 3. A general MPC scheme

4. Two Area Power System

A model of controlled non-reheat thermal plants in two-area interconnected power
system is shown in Figure 4 where f; is the system frequency (Hz), R; is the regulation constant
(Hz/unit), Tg; is the speed governor time constant (s), T+ is the turbine time constant (s) and Tp;
is the power system time constant (s), ACE; is the area control error, APp; is the load demand
change, AP is the change in speed changer position, APg; is the change in governor valve
position, Kp; is the power system gain, and APy is the change in tie line power. The overall
system can be modeled as a multivariable system in the following form:

X = Ax+Bu+TId,

y=cX

®3)
(4)
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For the two area considered in this study, the conventional integral controller was
replaced by a MPC controller. The MPC controllers in both areas are considered identical and
the control signal within range, -0.1< Ui <0.1.

Figure 4. Two-area interconnected power system

5. Model Predictive Load Frequency Control

MPC controller has been used to generate the control signal based on ACE;, APy,
and reference value of ACE; as its inputs. Where reference value of ACE; equal zero. A model
predictive load frequency control scheme is shown in Figure 5.

In this paper the MPC toolbox in Matlab Simulink has been used to design an MPC
controller. The controller design requires a Linear Time Invariant (LTI) model of the system
that is to be controlled. The rate at which MPC operates is 1/NTs, where Ts is sampling
period, N is the number of controls that are applied to the system. In most cases, N is
chosen equal one. The value of Ts is important because it is the length of each prediction
step. The method for selecting Ts for this problem is based on tracking performance. Selecting
the prediction horizon P and control horizon M were also affected by the controller. Weights (Q
and R) on system’s input and output are chosen at their best quantities. The ICA is proposed in
this paper to get the best value of Ts, P, M and weights on system'’s input and output.

ACE, »
ACE, MPC controller {— U

APp; —

Figure 5. A model predictive load frequency control scheme

3 = [ t(|af]+ AL, ]+ AR, [t -

Where T is the simulation time.

This study focuses on optimal tuning of controllers for LFC using ICA. The aim of the
optimization is to search for the optimum controller parameters of MPC that improve the
damping characteristics of the system under all operating conditions and various loads and
finally designing a low order controller for easy implementation.
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6. Simulation Results

In this section different comparative cases are examined to show the effectiveness
of the proposed ICA method for optimizing controller parameters of MPC. Table 1 gives
the optimum values of controller parameters for different methods. The PI controller parameters
of conventional controller due to [13].

Table 1. Controller Parameters and Objective Function (J).
Conventional GSA-PI MPC
P

Controller K,=0.7005, K,=-0.3140, Ts=0.1906,

Parameters K= 0.3802 Ki=0.4578 P=2,M=2,
Q=3.8041,
R=1.1918

J 3.5795 1.1764 0.1955

6.1. Step Increase in Demand of the First Area (APp;)

In this case, a 0.1 step increase in demand of the first area (APp,) is applied (nominal
test case). The change in frequency of the first area Af;, the change in frequency of the second
area Af,, and change in tie-line power of the closed loop system are shown in Figure 6-8.
Remarkably, the response with conventional PI controller has high settling time and undesirable
oscillations. Also compared with Pl-based ICA the proposed method is indeed more efficient in
improving the damping characteristic of power system.

6.2. Step Increase in Demand of the Second Area (APp,)

In this case, a 0.1 step increase is applied as a change of demand in the second area
(APp,). The change in frequency of the first area Af;, the change in frequency of the second
area Af, and change in tie-line power of the closed loop system are shown in Figure 9-11. From
these Figures it can be seen that oscillations are disappear in the presence of the proposed
controller. Moreover, the proposed method outperforms and outlasts Pl-based ICA in damping
oscillations effectively and reducing settling time. Hence compared to the conventional
controller, and Pl-based ICA, MPC based ICA greatly enhances the system stability and
improves the damping characteristics of power system.

—y ——MPC
ICA-P1 ICA-PI
0.05 . 1 0.05
Conventional-PI Conventional-PI
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Figure 6. Change in f; for 0.1p.u step Figure 7. Change in f, for 0.1p.u step
increment in Pp; increment in Pp;
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6.3. Step Increase in Demand of the First and Second Area Simultaneously

In this case, a 10% step increase in demand of the first area (APp,) and second
area (APp,) simultaneously are applied. It is clear from Figure 12 that the proposed method has
a smaller settling time and system response is quickly driven back to zero compared with
conventional controller and Pl-based ICA In addition, the potential and superiority of the
proposed method over the conventional, and Pl-based ICA is demonstrated.

0.1 T T T T T 0.1

0.05

-0.05 |

Af, (H)

-0.1

-0.15 |

MPC
ICA-PI -0.2
Conventional-PI

ICA-PI
Conventional-PI

0.2

. . . r -0.25 . . . n
5 10 15 20 25 30 0 5 10 15 20 25 30

Time in second Time in second

-0.25
0

Figure 9. Change in f; for 0.1p.u step Figure 10. Change in f, for 0.1p.u step
increment in Pp, increment in Pp,
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Figure 11. Change in Py for 0.1p.u step increment in Pp,

6.4. Parameter Variation

A parameter variation test is also applied to validate the robustness of the proposed
controller. Figure 13 shows the change in frequency of first area with variation in Tq,. It is clear
that the system stable with the proposed controller.
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7. Conclusion

This paper presents the application of the ICA algorithm as a new artificial intelligence
technique in order to optimize the AGC in a two-area interconnected power system. ICA
algorithm is proposed to tune the parameters of MPC controller. A two-area power system is
considered to demonstrate the proposed method. Simulation results emphasis that the
designed MPC-based ICA is robust in its operation and gives a superb damping performance
for frequency and tie line power deviation compared to conventional PI controller, and Pl-based
ICA. Besides the simple architecture of the proposed controller it has the potentiality of
implementation in real time environment.
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