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ABSTRACT — . In this paper the internal model control (IMC) based PID load frequency control for two area power system is 
presented. The Performance of IMC based PID and conventional PI controllers are compared for the same two area power 
system with non-reheat turbines. The damping of the two area power system is improved by an IMC based PID controller. The 
effectiveness of the proposed controller is compared by applying load disturbances. The dynamic response of the load 
frequency control problem is studied using MATLAB simulink package. The results indicate that the proposed IMC based PID 
controller exhibits better performance.  

INDEX TERMS— area control error,  internal model control, inter-connected two area system, load frequency control, proportional-
integral-derivative, tie-line power deviation.   

 

——————————      —————————— 

1 INTRODUCTION                                                                     

Load frequency control(LFC as a major function of 
Automatic Generation Control(AGC) is one of the important 
control problems in electric power system design and 
operation. It is becoming more significant today because of the 
increasing size, changing structure and complexity of power 
systems. A large frequency deviation can damage equipment, 
corrupt load performance and can interfere with system 
protection schemes, ultimately leading to an unstable condition 
for the electric power system. Maintaining frequency and 
power interchanges with neighboring control areas at the 
scheduled values are the two main primary objectives of a 
power system LFC[1]. Many control strategies for Load 
frequency control in electric power systems have been 
proposed by researchers over the past decades.  
 
 
 
 
 
 
 
 
 
 
 

This extensive research is due to the fact that LFC constitutes 
an important function of power system operation where the 
main objective is to regulate the output power of each 
generator at prescribed levels while keeping the frequency 
fluctuations within pre-specified limits. A unified tuning of 
PID controller for power systems via internal model control is 
proposed in this paper. In this simulation study, two area 
power system is chosen and load frequency control of this 
system is compared for conventional PI controller and IMC 
based PID controller. 

 
 
 
2. OVERVIEW OF IMC 
 
Here we adopt an internal model control (IMC) method for 

load frequency controller design.IMC is a popular control 
structure in process control . The IMC structure is shown in 
Fig. 1, where  is the plant to be controlled,  is the plant 
model, and  is the IMC controller to be designed.  
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Fig. 1. IMC configuration. 
The IMC design procedure goes as follows: 

1) Decompose the plant model   into two parts: 
 
      
 
where PM(s) is the minimum-phase (invertible) part 
and PA(s) is the all pass (nonminimum-phase with unity mag-
nitude) part. 
 
 
2) Design a set point-tracking IMC controller 
 
   
   (2) 
where λ is a tuning parameter such that the desired set point 
response is 1 / (λs+1)r, and r is the relative degree of PM(s). 
It is shown that IMC control can achieve very good tracking 
performance. However, the load disturbance rejection perfor-
mance sometimes is not satisfactory. So a second controller is 
added to improve the disturbance-rejection performance. The 
TDF-IMC structure is shown in Fig. 2, and the design of 
 goes as follows: 
Design a disturbance-rejecting IMC controller of the form 
        

   
  

                                                                                 
 

where λd is a tuning parameter for disturbance rejection, m is 
the number of poles of  such that the  (s) needs to can-
cel. Suppose  are the poles to be canceled, 

then  should satisfy 
   

 
 
 

 

 

 

 

 

 
Fig. 2. TDF-IMC configuration. 

 
It can be shown that the TDF-IMC structure is equivalent to 

the conventional TDF feedback structure shown in Fig. 3, 
where the feedback controller K equals 
     (5) 

 
 
 
 
 
 
 
 
 
 
Fig. 3. Equivalent conventional feedback configuration. 

3. LFC FOR SINGLE AREA POWER PLANT 

A. PLANT DESCRIPTION 
The power systems are large-scale systems with complex non-
linear dynamics [1]. However, for relatively load disturbance, 
they can be linearized around the operating point. Here, a sin-
gle-area power system supplying power to a single service-
area through single generator is considered. This power plant 
for LFC design consists of governor Gg(s), non-reheated tur-
bine Gt(s), load and machine Gp(s), and 1/R is the droop char-
acteristics, a kind of feedback gain to improve the damping 
properties of the power system. The linear model of plant is 
shown in Fig. 4. The dynamics of these subsystems  
are 
 

1( ) ( 1)g GG s T s −= +      
 
 

1( ) ( 1)t TG s T s −= +  
 
 

1( ) ( ( ) 1)t TG s T s −= +  
 
 

 
   
 
 
  
 

Fig. 4. Linear model of a single-area power system. 
 
 
 
 
 

(3) 

(4) 

(6) 

(1) 
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The whole system model can be illustrated by 
 
 

   (7) 
  

      
    

 
       

 
 
 

 
 
 
 

 
 
 
 
From equation (7) we can understand that LFC is basically a 
regulatory problem which has the objective to evaluate the 
control law : u(s)= - K(s)Δf(s), where K(s) is IMC based com-
pensator to control the power plant G(s) and minimize the 
effect on Δf(s) in the environment of small load disturbance 
ΔPd(s). 

B. IMC BASED PID 

It is clear from equation (9) that even the single area power 
system containing only one generator is of third order and thus 
IMC control design is obviously of higher order if the full order 
model is used. So, we obtain the first order plus dead time  
reduced model of the single area system using process reaction 
curve method or two point method. 

The plant model used in LFC design is 
 

( )
1 /

g t p

g t p

G G G
P s

G G G R
=

+
                        

 
where Gg is the governor dynamics , Gp is the load and 

machine dynamics and Gt is the turbine dynamics for non-
reheated turbines.  

 
 
Using process reaction curve method, the third order 

system is reduced to a FOPDT. 

 
 
Fig. 5. Process reaction curve of a system. 
From the process reaction curve the third order system is re-
duced to  

   (10) 
 

 

C. IMC-BASED PID DESIGN FOR A FIRST-ORDER + DEADTIME 

PROCESS 

To find the PID controller which approximates IMC for a 
first-order + time-delay process, which is given by equation 
(10) , the following steps are followed. 

Step1.  Use a first-order Padé approximation for deadtime. 
Step 2.  Factor out the non-invertible elements (this time, do   
              not make the “bad” part “all-pass”) 
Step 3.  Form the idealized controller 
Step 4. Add the filter - this time we will not make q(s)   
              proper, because a PID controller will not result. We  
              use the “derivative” option, where we allow the  
              numerator of q(s) to be one order higher than the  
             denominator. Now, find the PID equivalent. 
 
We get the PID parameters as  

  (11) 
The value of λ is chosen such a way that it's value is always 

less than  2τp for IMC based PID with FOPDT. 
F(s)= 1/(λs+1) 
 

(8) 

(9) 
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D.TWO AREA POWER SYSTEM 
A two area power system connected through a power line each 
area feeds  its user and tie line allows the  electrical power 
flow between areas. For two area  power system, During the 
normal operation the real power transferred over the line is 
given by 

 
Fig.6. Two Area LFC 

 
The uncontrolled two-area interconnected power system 

model is shown in shown in Fig. 6, where, for the subsystem 
area i: 

Tpi  Power system time constant(s) 
Kpi Steady-state gain of power subsystem (Hz/ p.u. 
         MW) 
aij  Tie line coupling coeff. between areas i and j 
Tgi Governor time constant(s) 
 

Ri  Frequency droop sensitivity due to governor action 
  (Hz/ p.u. MW) 
Tti Time constant of non-reheat type steam turbine(s) 
Tij  Tie line synchronizing coefficient(s) 
Δf i  Frequency deviation(Hz) 
Δxgi  Change in governor valve position (p.u.) 
ΔPgi  Change in real power generated (p.u. MW) 
ΔPtie,ij  Change in tie line real power between areas i and 
     j (p.u. MW) 
ΔPci  Change in real power command at speed governor 
 (p.u. MW) 
ΔPdi  Change in real power demand (p.u. MW) 
Bi  Frequency bias factor(p.u. MW/ Hz) 
Similar notation applies for other areas. The Area Control 
Error (ACE) of area i can be expressed as 
ACEi = ΔPtie,ij  + Bi Δf i    (12) 
By setting the appropriate power commands at the 

governors, it is required to regulate the frequency and tie-line 
power deviations so that each ACE is driven to zero. 

4.  NUMERICAL STUDIES 

 Consider a power system with a non-reheated turbine. 
Kp=120, TP=20, TT=0.3, TG=0.08, R=2.4 
LFC-PID is to be  tuned for the plant model with droop 

characteristic, which is 
  

(13) 
 

 
 
From the process reaction curve the first order reduced 

model is derived as  

        (14) 
 
The filter function F(s) is computed as, 

      
                                    

 
 
The values of kc, τi, τd computed using the equations(11) are, 
kc= 0.8906, τi= 1.1, τd= 0.2545. 
We get the following IMC-based PID controller: 
 
 

  (16) 
 
The responses for IMC based PID controller and PI controller  
with a load demand ΔPd=0.01 are compared. The IMC based 
PID is having good damping performance. 
 

 
 
 
 

 
 
 

 
 
 
 

(15) 
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5. CONCLUSION 

An IMC based PID design for load frequency control of 
power systems with non-reheat turbines in two area power 
system was studied. With the help of process reaction curve 
method, a reduced order model was derived. The IMC based 
PID was obtained. Simulation results for two area system 
showed that IMC based PID controller is easy to implement 
and damping is improved when compared with the 
conventional PI controller. Further research on decentralized 
PID tuning considering the tie-line interchange power is under 
progress. 
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