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Abstract:  
This paper deals with the importance of load frequency control (LFC) for single and interconnected 

power system.  It is important to keep the frequency of the system and the inter area tie power stable.  

The goal of LFC is to maintain the frequency, the desired power output and to control the change in 

tie line power between control areas in an interconnected power system. Two different techniques 

have been implemented in this paper which are model predictive controller MPC and conventional 

proportional plus integral controller PI for LFC of single area power system as well as two area 

system. To investigate the powerful and robustness of model predictive control (MPC) technique for 

LFC problems in electric power system, time simulations is performed. The obtained results indicate 

that the MPC provide better damping to the single area system as well as two-area system in case of 

load disturbance compared with conventional PI controller. The studied single-area and two-area 

systems are modelled and simulated using Simulink/Matlab software. 

 

  الملخص:

ذلك بهدف الحفاظ على التردد عند تطبٌق الحاكم النموذجً التنبؤي للتحكم فً تردد الحمل الناتج عن تغٌر الاحمال وٌقدم هذا البحث 
لحاكم النموذجً التنبؤي أحد الحلول التطبٌقٌة للحاكمات التقلٌدٌة تغٌر ظروف التشغٌل خاصة عند إضافة أو فصل الأحمال. وٌعتبر ا

فً الحفاظ على اتزان النظام عند تغٌر الأحمال المفاجًء إذا ما قورن بالحاكم التقلٌدي وهو التناسبً التكاملً. وقد أظهرت النتائج 
ع من الحاكم التناسبً التكاملً مما ٌبٌن قدرته ودقته المستخلصة قدرة الحاكم المقترح تطبٌقه على إخماد ذبذبات النظام بصورة أسر

فً الحفاظ على اتزان النظام. وتم تطبٌق التقنٌة المقترحة على نظام مكون من منطقة قوى واحدة ونظام مكون من منطقتٌن لنظم 
 دي. القوى الكهربٌة، وقد أثبت الحاكم النموذجً التنبؤي دقة وسرعة أستجابة عالٌة على الحاكم التقلٌ

Keywords: Load frequency control; Model predictive control; single area power system; two area 

power system. 

 

Introduction: 
Load frequency control is one of the important ancillary 

services in the deregulated power scenario. It is an essential 

mechanism in power system design, operation and control to 

satisfy the objectives of LFC. Under deregulated environment 

the existing power system model has been reconfigured in a 

manner that it enables the emerging of separate utility for 

generation, transmission, distribution and an independent 

system operator [1]. 

The control of power system can be separated into two 

independent problems according to the two main principle 

variables which are the voltage and the frequency because all 

the other variables are dependent on them .The changes in 

active power affect directly the system frequency and the 

changes in voltage magnitude affect the reactive power and 

that is why it is controlled separately. The active power and 

frequency control is called load frequency control (LFC) and 

the automatic voltage regulator (AVR) loop regulates the 

reactive power and voltage magnitude [2]. The frequency of a 

power system is depending on the speed at which the 

generators are rotated by their prime movers. So, frequency 

control is basically a matter of speed control of the machines 

in the generating station [3]. The proportional, integral pulse 

derivative (PID) parameters of the PID controllers applied to 

multi-area power system successfully for damping frequency 

oscillation in case of small disturbance as well as large scale 

disturbance. A (PID) optimized by the lozi map-based chaotic 

algorithm (LCOA) is used to solve the load frequency control 

(LFC) problems. The PIDs tuned by (LCOA) is used in each 

area [4]. PI controller designed based on (LFC) in multi-area 

power system has been formulated as a robust optimization 

control problem. The kharitonov’s theorem is used to 

determine the margin which is optimized and other parameters 

to achieve the optimum (PI) controller parameters [5].For a 

large interconnected power system another technique of 

control is applied to tune parameters of (PI) controller of each 

area of multi-area power system for LFC. The system 

intended is consisting of conventional and renewable energy 

source [6]. Firefly algorithm (FA) is applied to optimize fuzzy 

PID controller with derivative filter (PIDF) for (LFC) of 

multi-area source system under de regulated environment 

such as GRC and GDB non-linearity. Genetic algorithm (GA) 

is used for comparing the results to achieve the purpose [7]. A 

numerical method is presented to solve the non-linear system 
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when a disturbance occurs [8]. Also, the principle of non-

linear programming is applied to the system to optimize the 

performance of a power system subject to (LFC) [9]. The H  

controller is used alone to solve the (LFC) problem, or based 

on laypunov stability theory [10-11]. Another load frequency 

controller design has been applied for power system steam 

turbine which is based on the polynomial H  robust control 

theory [12]. For the hybrid power system, sliding mode load 

frequency control is designed to reduce frequency deviation. 

To improve the performance and suppress the chattering, the 

controller is reconstructed based on the design disturbance 

observer (DOB) [13]. Model predictive control (MPC) is a 

model based process control technology that has been 

successfully employed in industrial settings; a description of 

some industrial MPC packages in existence during the last 

decades, and the features that reconcile them with important 

industrial process control issues are available. Within the 

context of power system, MPC has been applied to control the 

boiler system of a fossil-fired power station, coordinated 

control of voltage in power networks, dynamic load balancing 

of a power system portfolio and wind turbine applications and 

its coordination with plug-in electric vehicles. 

Model predictive control (MPC) technique of load frequency 

control can be used alone as an independent controller without 

any other controller or with another controller in an 

interconnected power system [14-15]. Distributed model 

predictive controller (DMPC) technique for (LFC) is designed 

for the multi-area power system and considered one of many 

techniques to achieve the proposed aim. So that, (DMPC) 

algorithm has been applied for each area because each area 

owns its (MPC) controller. Model predictive controller is used 

for islanded AC micro grids and in that case it is based on 

hierarchical control scheme which is applied to address power 

quality and unequal power sharing problems. Also it can used 

for AC frequency containment [16-17]. Also it is used for 

electrical heating systems [18]. It is used for building loads 

connected with residential distribution grid [19]. 

This paper addresses the effectiveness of the model predictive 

control MPC technique for load frequency stabilization of 

single area system and two- area system. Different level of 

loads are suggested to examine the performance of the MPC 

in damping the frequency oscillations due to load change. The 

simulation results proves the superiority of the MPC 

technique over the conventional PI technique for both single 

area and two-area power systems.    

 

Studied System Model 
The Single-Area power system is as shown in Fig. 1 [20]. The 

two-area power system model is as shown in Fig. 2.  

 
 

Fig. 1. Block Diagram of Single-Area Power System 

 

 
Fig. 2. Block Diagram of Two -Area Power System 

 

Model Predictive Control (MPC) Technique 
MPC schemes use linear models of the controlled system to 

predict the system dynamics with consideration of linear 

constraints on the system states and inputs and optimize the 

control actions accordingly. In another meaning, the MPC is 

based on the prediction of the system; the (MPC) scheme is 

based on an explicit use of a prediction model of the system 

response to obtain the control actions by minimizing an 

objective function [21-24]. Internal past and current values of 

the inputs and outputs and the proposed optimal future control 

actions are considered in the MPC response. The prediction 

has two main components: the free response which is 

expected behavior of the output assuming zero future control 

actions, and the forced response which is the additional 

component of the output response due to the candidate set of 

future controls. For a linear systems, the total prediction can 

be calculated by summing both of free and forced responses. 

The optimizer is used to calculate the best set of future control 

action by minimizing a cost function (J). The optimization is 

subject to constraints on both manipulated and controlled 

variables Fig. 3 shows a simple structure of the MPC 

controller [22].  
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Fig. 3 A simple structure of the MPC controller [22] 

 

The general objective is to tighten the future output error to 

zero, with a minimum input effort. The cost function to be 

minimized is generally a weighted sum of square predicted 

errors and square future control values, e.g. in the Generalized 

Predictive Control (GPC)[15]: 

j(N1,N2,Nu)=∑  ( )  (   )   (   ) 
  
    

 
2
+ ∑  ( )

  
    

[  (     ) 2
                                                                   (1) 

Where N1, N2 are the lower and upper prediction horizons 

over the output, Nu is the control horizon,  ( ), ( )are 

weighting factors. The control horizon permits to decrease the 

number of calculated future control according to the relation: 

u(k + j) for J   Nu. The w(k + j) represents the reference 

trajectory over the future horizon N. Constraints over the 

control signal, the outputs and the control signal changing can 

be added to the cost function as follows[15]: 

 𝑚𝑖𝑛≤( )≤ 𝑚𝑎𝑥                                                                       (2) 

Δ 𝑚𝑖𝑛≤Δ( )≤Δ 𝑚𝑎𝑥                                                                                        (3) 

 𝑚𝑖𝑛≤( )≤ 𝑚𝑎𝑥                                                                       (4) 

Where: 

y( + ) is the predicted output 

𝑁u is the control horizon 

Δu is the controlled input increment 

u is the controlled input 

Solution of Eq. (1) gives the optimal sequence of control 

signal over the horizon N while respecting the given 

constraints of Eqns.(2-4). 

 

Results and Discussions  
The Data for the single-area power system, and two-area 

power system is as shown in Table 1, and Table 2 

respectively.   

 

 

 

 

 

Table (1) Parameters and data for single and two-area power 

systems. 

      ( ) D(p.u/Hz)    (    ) R (Hz/pu)  g( ) T( ) 

Area 1 -0.3/s 0.015 0.1667 3.00 0.08 0.4 

Area 2 -0.2/s 0.016 0.2017 2.73 0.44 0.2 

 

Table (2) Parameters and data a practical two area power 

system. 

 

The simulation studies are carried out for the proposed 

controller with generation rate constraint (GRC) of 10% pu 

per minute. The maximum value of dead band for governor is 

specified as 0.05%. The parameters of the MPC controller 

is[25]: 

Prediction horizon = 10, 

Control horizon = 2, 

Weights on manipulated variables = 0, 

Weights on manipulated variables rates = 0.1, 

Weights on the output signals = 1, and 

Sampling interval =0 .06 s. 

Constraints are imposed over the control action, and 

frequency deviation are considered as follows: 

Max. control action = 0.25 pu. 

Min. control action = -0.25 pu. 

Max frequency deviation = 0.25 pu. 

Min. frequency deviation = -0.25 pu. 

 

Figs. 4, 5, 6, and 7 depict frequency deviation response with 

MPC against PI controller of single area for ∆   = 0.005, 

0.01, 0.015, 0.02 pu respectively. From the simulation results 

it is clear that, the MPC controller, provides better and fast 

response in damping the frequency oscillations when it is 

compared with the considered PI controller.  

Fig. 4 The frequency response of the studied system due to 

step change of 0.005 in ∆PL. 
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      ( )   (     )    (    ) R (Hz/pu)  g( ) T( ) 

Area 1 -0.3/s 0.015 0.1667 3.00 0.08 0.4 

Area 2 -0.2/s 0.016 0.2017 2.73 0.44 0.2 
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Fig. 5 The frequency response of the studied system due to 

step change of 0.01 in ∆PL. 

 
Fig. 6 The frequency response of the studied system due to 

step change of 0.015 in ∆PL. 
 

 
Fig. 7 The frequency response of the studied system due to 

step change of 0.02 in ∆PL. 
 
Figs. 8, 9, 10 and 11 depict the system response due to load 

changes 0.005 pu and 0.1 pu for the two-area systems. From 

the simulation results it is clear that the system response with 

MPC technique is better than with the PI controller, for both 

area 1,2 and the power deviation in the tie-line ∆Ptie The 

deviation in frequency of the power system in area 1, 2  with  

PI controller has more ripples than with MPC. The system 

reaches the steady state with MPC very fast compared with PI 

controller.  

 

 

Fig. 8 The frequency response of the studied system for area 

#1 due to step change of 0.005 in ∆PL. 
 

 

Fig. 9  The frequency response of the studied system for area 

#2 due to step change of 0.005 in ∆PL. 
 

 

 

          Fig. 10 The frequency response of the studied system 

           for area #1 due to step change of 0.01 in ∆PL. 
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Fig. 11 The frequency response of the studied system for area 

#2 due to step change of 0.01 in ∆PL. 

Conclusions 
Model Predictive control MPC is applied successfully for 

damping the frequency oscillations of single area system as 

well as two area system. Different parameters of MPC is 

implemented with single-area system and two-area system in 

damping the frequency oscillations very fast with better 

control quality in compared with PI controller. The predictive 

control can effectively reject uncontracted load changes and 

coordinate the transient behavior of a system when contracted 

load changes occur. The results shows that, the MPC 

technique gives better stability and more accuracy than the PI 

controller does for LFC of power system and the only thing 

that the PI controller outperform the MPC controller is the 

calculation time.  
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