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  Abstract- In this paper a novel robust decentralized controller 

using Quantitative Feedback Theory (QFT) is proposed to solve 

the Load Frequency Control (LFC) problem in a restructured 

power system that operates under deregulation based on bilateral 

policy scheme. The load frequency control has been a major 

subject in electrical power system throughout the years to keep 

the frequency and tie-line power as close as to their scheduled 

values. Because of various load changes and wide range of 

operation conditions scenarios in a multi-area restructured 

power system, conventional PI controllers for LFC systems are 

incapable of obtaining good dynamical performance. In this 

study, a new approach using Quantitative Feedback Theory is 

presented to design a robust controller for a sample two area 

power system containing four GENCOs and four DISCOs with 

system parametric uncertainties under different contracted 

scenarios.  In each control area of this modified traditional 

dynamical model, the effects of the possible contracts are treated 

as a set of new input signals.  To validate the effectiveness of QFT 

method, the simulation has been performed using proposed 

controller and comparison has been done with conventional 

Integral type controller. The simulation results substantiate the 

robustness and high performance of QFT controller. 

 

Index Terms—Restructured Power System, Load Frequency 

Control, Quantitative Feedback Theory, Bilateral Contracts. 

 

I.    INTRODUCTION 

 

   The engineering aspects of planning and operation have 

been reformulated in a restructured power system in recent 

years although essential ideas remain the same. These major 

changes into the structure of electric power utilities have been 

introduced to improve efficiency in the operation of the power 

system by means of deregulating the industry and opening it 

up to private competition. With the emergence of the distinct 

of GENCOs, TRANSCOs, DISCOs and the ISO, many of the 

ancillary services of a Vertically Integrated Utility (VIU) will 

have a different role to play and hence have to be modeled 

differently [1].  One of the most profitable ancillary services is 

the load frequency control. The main goal of the LFC is to 

maintain zero steady state errors for frequency deviation and 

minimize unscheduled tie-line power flows between 

neighboring control areas [2]. 

   The traditional load frequency control is well discussed in 

the papers of Elgerd and Fosha [3], [4]. In the competitive 

environment, due to importance and significant role of load 

frequency control, several strategies have been proposed by 

researchers in recent years. In Ref. [5], [6], the effect of 

bilateral contracts has been considered on the dynamics and 

modification required in conventional LFC scheme has been 

suggested. Relating studies in deregulated environment have 

been proposed in [1], [7], and [8]. To improve the transient 

response, various control strategies, such as linear feedback, 

output feedback, reduced-order observer method and optimal 

control have been proposed [9]-[13]. Other continuing efforts 

in designing LFC with better performance have been done 

using intelligence algorithms as well as using modern control 

techniques such as adaptive control. [11], [12]. The proposed 

methods show good dynamical responses, but robustness in 

the presence of model dynamical uncertainties and system 

nonlinearities was not considered. On the other hand, in the 

restructured power system increasing size and complexity of 

the interconnected power system introduced a set of 

significant uncertainties and disturbances that makes it 

necessary to develop novel control strategies to achieve LFC 

goals. Furthermore, some of the presented controllers have a 

centralized scheme which is not feasible for a large power 

system because of computational and economical difficulties 

in implementing this scheme. 

   By investigation of the references, the application of QFT 

design approach for LFC problem in restructured power 

system has not yet received any attention in the literature. In 

this paper a robust decentralized controller using Quantitative 

Feedback Theory is proposed to take care of the plant 

parameters variations and uncertainties. The proposed 

controller is tested on a two area restructured power system 

and compared to a classical I type controller. The results show 

that QFT controller improves the dynamical response of the 

system and has a better performance. Furthermore, to validate 

the robustness of the proposed controller, QFT controller is 

applied to the mentioned power system which its parameters 

have been changed about 35% of their nominal values 

simultaneously to obtain uncertainty. Simulation results 

guarantee the robust performance for this wide range of 

parametric variations and satisfy the load frequency control 

requirements. 
 

II.   DEREGULATED POWER SYSTEM MODEL 

 

   In the competitive environment of power system the  
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Vertically Integrated Utility (VIU) no longer exist. However, 

the common LFC goals, i.e. restoring frequency and the net 

interchanges to their desired values are still remain. GENCOs 

sell power to various DISCOs at competitive prices. Thus, the 

DISCOs have the liberty to contract with any available 

GENCOs in their own or other areas. In this paper a two area 

deregulated power system has been used for simulation. Each 

area contains two GENCOs and two DISCOs as shown in 

Fig.1. The block diagram of the generalized LFC scheme for a 

two area deregulated power system is shown in Fig.2. To 

express the possible contracts in the generalized model, the 

concept of “DISCO Participation Matrix” (DPM) has been 

used [1]. The rows and columns of DPM is equal with the total 

number of GENCOs and DISCOs in the overall power system, 

respectively. Any entry of this matrix which is named 

cpf(contract participation factor) ,corresponds to a fraction of 

total load power contracted by a DISCO toward a GENCO 

and carry information as to which GENCO has to follow a 

load demand by which DISCO. As a result, the sum of all the 

entries in a column in this matrix is unity, i.e. ∑ 1. 

The corresponding DPM for considered power system is 

  

 

 

   Whenever a load demanded by a DISCO changes, it is 

reflected as a local load in the area to which this DISCO 

belongs. This corresponds to the local loads ∆  and ∆  

and should be reflected in the deregulated AGC system block 

diagram at the point of input to the power system block (See 

Fig.2). As there are many GENCOs in each area, ACE signals 

have to be distributed among them in proportion to their 

participation factor in LFC which is named as apf(ACE  

Participation Factor). Note that ∑ 1 where  is the 

number of GENCOs. The actual and scheduled steady state 

power flow on the tie line are given as  ∆ , ∆
∆                                       1  ∆ , 2 . ⁄ . ∆ ∆                               2  

 
At any given time, the tie-line power error is defined as 
 ∆ , ∆ , ∆ ,              3  
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Fig. 1. Schematic of two-area restructured power system 

  

 Using this error signal, the respective ACE signals like as the 

traditional scenario are 

 ∆ ∆ ,                                                   4  

 ∆ ∆ ,                                                   5  

 

The state space model of the closed loop system is 

characterized as 

                                                                                   6                                                                                                7  

Where  is the state vector and  is the vector of power 

demands by DISCOs. 

 ∆    ∆    ∆    ∆                                                     8     ∆    ∆   ∆    ∆   ∆    ∆ , ,               ∆    ∆   ∆    ∆   ∆                          9  

 

III.   CONTROLLER DESIGN USING QFT TECHNIQUE 

 

   The QFT approach to robust control was proposed by 

Horowitz et al [14]. In QFT, the closed loop transfer function 

needs to satisfy certain performances for a set of discrete 

frequencies. These requirements are specified in terms of 

tolerance bands within which the magnitude response of the 

closed-loop transfer function should lie. The uncertainties in 

the plant are transformed onto the Nichols chart resulting in 

bounds on the loop transmission function of an arbitrarily 

chosen nominal plant. A compensator is chosen by manually 

shaping the loop transmission such that it satisfies the bounds 

at each of the frequency points. (See Fig. 3 [15]).  
   The structure of closed loop system with controllers is 

shown in Fig.4 Plants I and II are the transfer function matrix 

with uncertainty parameters and can be obtained using state 

space equation (6) and (7) for any operating point. The goal is 

the design of G1 and G2 so that the variation of ∆f  and ∆f  to 

the uncertainties in the plant are within desired values. 

 The first step in QFT is plotting of plant uncertainties in 

Nicholas chart. The term template is then used to denote the 

collection of the uncertain plant's frequency responses at a 

given frequency. The frequency range must be chosen based 

on the performance bandwidth and shape of the templates. The 

templates of the plant of area I are obtained by simulation 

using Matlab QFT toolbox and are illustrated in Fig.5. 
 

 
Fig. 3. Block diagram of the system with controller 
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Fig. 2. Modified LFC scheme in deregulated environment 

 

 

   It can be seen that the template‘s at about frequency 200 ⁄  becomes fix. Next step in QFT is obtaining   

tracking and disturbance rejection bounds. As this problem is 

a regulatory one, i.e. the goal is restoring frequency and tie-

power deviations to zero in the case of the changes in demand 

of areas which are known as disturbances in this problem, 

controllers should only have disturbance rejection property 

and tracking property is unnecessary. So control objective of 

stability with reasonable margins is  

  

 1 1.2 , 0                                                     10  

 

    Performance specifications are typically defined within a 

finite frequency bandwidth which is related to the closed loop 

system bandwidth and spectrum of the disturbances. There is 

very little to be gained by specifying transfer function 

magnitudes up to frequency of infinity [14]. Therefore, in a 

QFT design, performance is specified only up to a finite 

frequency whose value is always problem dependent [16].  

   Having computed stability and performance bounds, the next 

step in a QFT is loop shaping that involves the design of a 

nominal loop function that meets its bounds. The nominal loop 

is the product of the nominal plant and the controller that is 

supposed to be designed. The nominal loop has to satisfy the 

worst case of all bounds [18]. By invoking proper commands 

in Matlab, the result of loop shaping for this problem is the 

following compensator 

 20.5432 19 0.9330.041 45.04  
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Fig. 4. Structure of closed loop system for load frequency control 

 

   Due to similarity of two areas, the compensator of area II 

can be designed like area I. 
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Fig. 5. Plant templates 
 

 

 

IV.   SIMULATION RESULTS  

 

   To show the performance of the suggested controller for 

different scenarios of bilateral contracts under various 

operating conditions as well as vast demands of load and its 

effectiveness and robustness against parametric uncertainties 

and un-contracted loads, simulation is performed for the 

deregulated two area power system with the typical values of 

parameters as mentioned in table I and II (Appendix). 

 

A.    Scenario I : Bilateral Contracts   

   In this case the entire GENCOs contract with the GENCOs 

in their own or other areas base on following DPM 

 0.1 10.7 0 0.25 0.40.25 00 00.2 0 0.25 0.10.25 0.5  

 

It is assumed that the demand of any DISCO is 0.1   

and the GENCO participation factors are defines as 

 0.75  ,          1 0.25 0.5  ,             1 0.5 

   Using this data, the simulation results are depicted in Fig.6. 

As this figure shows, the frequency deviation of each area and 

the tie-line power go to zero in steady state. Also it can be 

seen that the dynamical response of the QFT controller is 

much better than two other solutions. As DISCOs in one area 

have contracts with GENCOs in another area, the off diagonal 

blocks of the DPM is not zero and actual tie line power settles 

scheduled power on the tie line in the steady state according to 

(1),(Fig.6(c)). 

 

 B.    Scenario II : Contract Violation 

   It is assumed that some DISCOs violate a contract by 

demanding more or less power than specified in the contract. 

This uncontracted power must be supplied by the same area‘s  
 

 

 

        (a) 

 

 
              (b) 

 

 
            (c) 

 

 Fig. 6. Scenario 1: (a) Frequency deviation in area I ( / ), (b) Frequency 

deviation in area II ( / ), (c) Tie-line power flow deviation (  ) :Dot-

dashed(without controller), Dashed(I type controller), Solid (QFT controller) 

 

GENCOs. For this case we consider DMP as in scenario I with 0.1   excess power demanded by DISCO2. 

       1  20.1 0.1 0.1 0.3   
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  (a)  
 

 

 (b)  
 

 
(c) 

 
 Fig. 7. Scenario 2: (a)Frequency deviation in area I ( / ), (b) Frequency 

deviation in area II ( / ), (c) Tie-line power flow deviation (  ) :Dot-
dashed(without controller), Dashed(I type controller), Solid (QFT controller) 

 

       3  4 0.2    
   Fig.7 illustrates the frequency deviation and tie lie power 

flow between areas. The simulation results show that the 

proposed robust controller tracks the excess power demand 

better than the conventional type controller. It should be 

mentioned that because DPM is the same as in case I and the 

uncontracted load is taken up by GENCOs in the same area, 

  
(a) 
 

 

 
(b)  
 

. 
(c) 

 

Fig. 8. Parameter change: (a)Frequency deviation in area I ( / ), (b) 
Frequency deviation in area II, (c) Tie-line power flow deviation :Dot-
dashed(without controller), Dashed(I type controller), Solid (QFT controller) 
 

 

the tie line power flow is similar to first scenario in steady 

state (Fig.7(c)). 
 

C.    Parametric changes of power system 

   In this case, to show the robustness of proposed QFT 

controller, power system parameters have been changed 35% 

form their nominal values. Considering DPM of scenario I, 

simulation has been performed on the uncertain power system 

and the results are shown in Fig. 8. Form this figure we can 

see that the power system with Integral type controller or 
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without controller does not satisfy the LFC requirements while 

the QFT controller leads the frequency deviation and tie line 

power flow to desired values in the steady state. 
 

   

V.   CONCLUSION  

 

   To load frequency control problem of the multi area power 

system after deregulation considering bilateral contracts has 

been investigated in this paper. Because of various 

disturbances and uncertainties of complex restructured power 

system, conventional controllers give non-proper dynamical 

responses especially for the load frequency control problem. 

In this study a new improved method using quantitative 

feedback theory has been used to design a decentralized robust 

controller for power system. In order to show the effectiveness 

of the proposed controller, simulation has been done on a two 

area power system in which the effects of restructuring in 

competitive environment has been considered on the dynamics 

and the modified LFC scheme is obtained. A comparison has 

been done between the results of the QFT controller, the 

system without controller and the Integral type controller for 

the cases of freely bilateral contracts between areas and 

contract violation by some DISCOs. The simulation results 

substantiate the high performance of suggested controller 

comparing conventional ones. The robustness of QFT method 

against power system nonlinearity and parametric 

uncertainties has been confirmed by simulation of the power 

system which its parameters values have been changed widely 

from their nominal values. 

 

 

VI.   APPENDIX  

 

  The parameters of power system for nominal operation is as 

follow 
TABLE I 

GENCOs Parameters 

GENCOs 
Area I Area II 

GENCO1 GENCO2 GENCO3 GENCO4 

 0.3 0.3 0.32 0.3 

 0.08 0.082 0.08 0.086 

 2.4 2.4 2.5 2.6 

 

TABLE II 

Control area Parameters 

Control area parameters Area I Area II 

 120 120 

 20 20 

 0.425 0.425 

 0.545 
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