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Abstract: This paper deals to find the dynamic response of load frequency and 

corresponding tie-line power of an automatic generation control (AGC) in four 

area interconnected thermal power system by using two different technique 

(Controller); One is Intelligent (Fuzzy Logic Controller) technique and second is 

Evolutionary (GA for tuning of PID Controller) Technique. In this paper evolutionary 

technique are proposed for improving the performance of load frequency and tie-line 

power and their dynamic responses are compared with the intelligent controller’s 

responses. The results indicate that the proposed controller exhibit better performance 

and satisfy the automatic generation control requirements with a reasonable dynamic 

response. The performances of the controllers are simulated using 

MATLAB/SIMULINK software. 

 

Keywords: Automatic Generation Control (AGC), Proportional Plus Integral Plus 

Derivative (PID), Genetic Algorithm (GA), Fuzzy Logic.  

 

1. Introduction 

      Automatic Generation Control (AGC) is a very important issue in power system 

operation and control for supplying sufficient and reliable electric power with good quality. 

AGC with load following is treated as an ancillary service that is essential for maintaining the 

electrical system reliability at an adequate level [12] recent years, major changes have been 

introduced into the structure of electric power utilities all around the world. The successful 

operation in power system requires the matching of total generation with total load demand 

and associated system losses. As the demand deviates from its normal value with an 

unpredictable small amount, the operating point of power system changes, and hence, system 

may experience deviations in nominal system frequency which may yield undesirable effects. 

So the objective of AGC in interconnected thermal generating unit is to maintain the 

system frequency and tie line power at nominal value (60 Hz) [4], [5], [17], [18].  

A control strategy is needed to maintain constancy of frequency and tie-line power and also 

achieves zero steady state error. The fuzzy controller employed to solve AGC problem 

and these controller gives the good response, reduces the oscillation & steady state 

error but the GA after tuning of PID controller gives the better result over the 

conventional and intelligent controller.     

 A literature survey shows that the load frequency control (LFC) of power systems has 

been investigated by many researchers over the past decades [13]. Most of the earlier works in 

the area of AGC pertain to thermal systems with non-reheat and reheat type turbines for 

single and two area with different controller but relatively lesser attention has been devoted 

to the comparison of fuzzy and GA controllers. Four area thermal power system 

incorporating reheat type turbine and linearized models of governors, non-reheat turbines and 

reheat turbines are taken for simulation of the system. 

 

2. Automatic Generation Control 

 The role of AGC in interconnected power system is to maintain the system frequency and 

tie-line power at nominal value after some kind of perturbation arises in the system.  
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 To maintain the electrical power system in normal operating state, the generated power 

should match with power demand plus associated losses. However, in practical power system, 

the load is continuously changing with respect to time. Therefore, the power balance 

equilibrium cannot be satisfied in abnormal state. In primary control action also called without 

controller, when the power system is said to be at stable state, primary control action takes 

place within an area to suppress frequency oscillations. On the other hand, when the load 

fluctuations are more, primary control action are not adequate to control.  

To overcome the problem of primary control action, the secondary control action also 

called with controller, need to apply, these controllers are set for a particular operating 

condition and they take care of small changes condition and they take care of small 

changes in load demand without exceeding the prescribed limits of frequency. These 

control action comprises of different controller like intelligent and evolutionary technique 

[2], [3], [8], [9], [11], [16]. 

 

The model of without controller and with controller is shown below in figure 1. 

 
Figure 1. Four Area AGC Model of Reheat Thermal Generating System 

 

 Let us consider the problem of controlling the power output of the generators of a closely 

knit electric area so as to maintain the scheduled frequency. All the generators in such an area 

constitute a coherent group so that all the generators speed up and slow down together 

maintaining their relative power angles. Such an area is defined as a control area. To 

understand the AGC problem of frequency control, let us consider a single turbo-generator 

system supplying an isolated load. [2] 
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For a sudden step change of load demand,  

 𝛥𝑃𝐺(𝑠) =  
𝛥𝑃𝐷

𝑠
 

 

To simplicity the frequency-domain analyses, transfer functions are used to model each 

component of the area. [4], [17], [18] 

 Transfer function of governor is      
Ksg

Tsg s+1
                            (1) 

 Transfer function of turbine is         
Kt

Tt s+1
                              (2) 

 Transfer function of Reheat turbine is         
Kr.Tr s + 1 

Tr s+1
            (3) 

 Transfer function of generator is     
Kps

Tps s+1
                            (4) 

 Dynamic response of automatic frequency control loop is  

                    ∆F(s) = −

𝐾𝑝𝑠

1+𝑇𝑝𝑠s

1+
 K𝑃𝑆

R (1+𝑇𝑝𝑠s)

∆𝑃𝐷

𝑆
                                    (5) 

 

the change in frequency is given by 

 

𝛥𝐹(𝑠)|ΔPC(s)=0 = -[

𝐾𝑝𝑠

1+𝑠𝑇𝑝𝑠

1+ 
𝐾𝑝𝑠

1+𝑠𝑇𝑝𝑠
˟ 

1

𝑅

] ˟  
𝛥𝑃𝐷

𝑠
    

                      =  -[
𝐾𝑝𝑠

(1+𝑠𝑇𝑝𝑠)+  
𝐾𝑝𝑠

𝑅

] ˟  
𝛥𝑃𝐷

𝑠
 

                      = - [
𝐾𝑝𝑠

𝑠𝑇𝑝𝑠+  
𝐾𝑝𝑠+𝑅

𝑅

] ˟ 
𝛥𝑃𝐷

𝑠
 

                      =  -  [

𝐾𝑝𝑠

𝑇𝑝𝑠

𝑠+  
𝐾𝑝𝑠+𝑅

𝑅𝑇𝑝𝑠

] ˟ 
𝛥𝑃𝐷

𝑠
 

                      = - 
𝐾𝑝𝑠 ˟ 𝛥𝑃𝐷

𝑇𝑝𝑠
 [

1

𝑠(𝑠+  
𝐾𝑝𝑠+𝑅

𝑅𝑇𝑝𝑠
)
] 

𝛥𝐹(𝑠)|ΔPC(s)=0 =  - 
𝐾𝑝𝑠 ˟ 𝛥𝑃𝐷

𝑇𝑝𝑠
 ˟

𝑅𝑇𝑝𝑠 

𝐾𝑝𝑠+𝑅
  [

1

𝑠
−

1

(𝑠+  
𝐾𝑝𝑠+𝑅

𝑅𝑇𝑝𝑠
)
] 

𝛥𝑓(𝑡)  =    𝐿
−1 𝛥𝐹 (s) 

𝛥𝑓(𝑡)  =  -  
𝑅𝐾𝑝𝑠 

𝐾𝑝𝑠+𝑅
 [1 −  𝑒

  [−  
𝑡

𝑇𝑝𝑠
   

𝑅𝑇𝑝𝑠 

𝐾𝑝𝑠+𝑅
]
]  𝛥𝑃𝐷                                                      (5a) 

 

 This is equation for dynamic state, and help to determine the dynamic response of the 

system. 

 

Equation [5] can be written as, [2], [3]. [11] 

      ∆F(s) = −∆PD
 RKPS

R+Kps
(

1

s
 –  

1

s+
 R+Kps

R Tps

)                                            (6) 

 

Therefore equation (6) can be simplified as: 

𝛥𝑓 =    - [
𝐾𝑝𝑠

1+
𝐾𝑝𝑠

𝑅
 
]˟ 𝛥𝑃𝐷  

Also we know from the dynamics of the generator load model, 𝐾𝑝𝑠 =  
1

𝐵
. 
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Where B = 
𝜕𝑃𝐷

𝜕𝑓
  MW/Hz. 

             =  

𝜕𝑃𝐷
𝜕𝑓

𝑃𝑟
   in p.u.MW/unit change in frequency. 

𝛥𝑓 =  - [
1

𝐵

1+
1

𝐵𝑅
 
]˟ 𝛥𝑃𝐷  

 

𝛥𝑓 =  - [
1

𝐵+
1

𝑅
 
]˟ 𝛥𝑃𝐷    = - 

1

𝛽
. 𝛥𝑃𝐷                                                                                       (7) 

 

 Where the factor 𝛽 = [𝐵 +
1

𝑅
 ] and is known as the area frequency response characteristic 

(AFRC) or area frequency regulation characteristic. 

 Equation (7) gives the steady state response of frequency to the changes in load demand. 

The speed regulation is usually so adjusted that changes in frequency are small (of the order of 

5%) from no load to full load.  

 Power system parameter B is generally much less than (i.e., B « 
1

𝑅
). So that B can be 

Neglected in equation (7), which result in  

  𝛥𝑓  = - R (𝛥𝑃𝐷)                                                                                                (7a) 

 

 The droop of the frequency curve in thus mainly determined by the speed governor 

regulation (R). 

 The increase in load demand (𝛥𝑃𝐷) is met under steady state conditions partly by the 

increased generation(𝛥𝑃𝐺) due to the opening of the steam valve and partly by the decreased 

load demand due to droop in frequency. 

 

The increase in generation in expressed as 

𝛥𝑃𝐺  = - 
1

𝑅
 𝛥𝑓 

 

Substituting 𝛥𝑓 from equation (7), we get 

𝛥𝑃𝐺  = - 
1

𝑅
[− [

1

𝐵+
1

𝑅
 
]  𝛥𝑃𝐷  ]  =  [

1

𝑅
 ˟ 

𝑅

𝐵𝑅+1 
]  𝛥𝑃𝐷 

        

        =    [ 
1

𝐵𝑅+1 
]  𝛥𝑃𝐷                                                                                              (7b) 

And a decrease in the system load is expressed as  

B 𝛥𝑓 =   B  [− [
1

𝐵+
1

𝑅
 
]  𝛥𝑃𝐷 ] = B[ 

1

𝐵𝑅+1 
]  𝛥𝑃𝐷   = [ 

𝐵𝑅

𝐵𝑅+1 
]  𝛥𝑃𝐷                                 (7c) 

 

 From equation (7b) and (7c), it is observed that contribution of the decrease in the system 

load is much less than the increase in generation. 

 Power flow out of control area-1 can be expressed as 

 PTL1 =
|𝐸1| |𝐸2|

𝑋𝑇𝐿
  sin (δ1- δ2)                                                                                    (8) 

 

 Where|𝐸1| and |𝐸2| are voltage magnitude of area 1 and area 2, respectively, δ1 and  δ2 are 

the power angles of equivalent machines of their respective area, and 𝑋𝑇𝐿 is the tie line 

reactance. 

 If there is change in load demands of two areas, there will be incremental changes in power 

angles (Δδ1 and Δδ2).  Then, the change in the tie line power is  

 PTL1 + ΔPTL1  =  
|𝐸1| |𝐸2|

𝑋𝑇𝐿
  sin [(δ1- δ2) + sin (Δδ1- Δδ2)]            
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After solving the above equation we get, 

  PTL1 + ΔPTL1 = 
|𝐸1| |𝐸2|

𝑋𝑇𝐿
  sin (δ1- δ2) +   

|𝐸1| |𝐸2|

𝑋𝑇𝐿
 [cos (δ1- δ2) (Δδ1- Δδ2)]                                

 

Therefore, change in incremental tie-line power can be expressed as  

 ΔPTL1 =  
|𝐸1| |𝐸2|

𝑋𝑇𝐿
 [cos (δ1- δ2) (Δδ1- Δδ2)] MW 

 ΔPTL1 = T12 (δ1- δ2)                                                                                             (9) 

 

Where T12 = 
|𝐸1| |𝐸2|

𝑋𝑇𝐿𝑃1
 cos (δ1- δ2)     MW/rad                                                       (10) 

 

 T12 is known as the synchronizing coefficient or the stiffness coefficient of the tie-line. 

Equation (10) can be written as  

 T12 = 
𝑃𝑚𝑎𝑥12

𝑃1
 cos (δ1- δ2)                                                                                      (11) 

 

Where  𝑃𝑚𝑎𝑥12 =  
|𝐸1| |𝐸2|

𝑋𝑇𝐿𝑃2
 = Static transmission capacity of the tie line. 

Consider the change in frequency as  

 Δω = 
𝑑

𝑑𝑡 
 (Δ𝛿)  

 2πΔf = 
𝑑

𝑑𝑡 
 (Δ𝛿)  

 Δf = 
1

 2π
˟

𝑑

𝑑𝑡 
 (Δ𝛿) Hz 

 

In other words,   

 
𝑑

𝑑𝑡 
(Δ𝛿) = 2πΔf 

 ∫
𝑑

𝑑𝑡 
(Δ𝛿) = ∫2πΔf 

Δ𝛿 = 2π ∫Δf dt radians 

 

Hence, the changes in power angles for area 1 and area 2 are 

Δδ1 = 2π ∫Δf1 dt 

And Δδ2 = 2π ∫Δf2 dt 

  

 Since the incremental power angles are related in terms of integrals of incremental 

frequency, equation (9) can be modified as 

ΔPTL1 = 2πT12 (∫Δf1 dt - ∫Δf2 dt)                                                                         (12) 

 Δf1 and Δf2 are the incremental frequency changes of area-1 and area-2, respectively.  

 

Similarly, the incremental tie-line power out of area-2 is 

 ΔPTL2 = 2πT21 (∫Δf2 dt - ∫Δf1 dt)                                                                         (13) 

 Where T21 = 
|𝐸1| |𝐸2|

𝑋𝑇𝐿𝑃2
 cos (δ2- δ1)     MW/rad                                                       (14) 

 

Dividing equation (14) by equation (11), we get 

  
𝑇21

𝑇12
 =  

𝑇21

𝑇12
   = a12  

 Therefore,  𝑇21 = a12 𝑇12 

 And hence   ΔPTL2 = a12 ΔPTL1                                                                          (15) 

 Surplus power in p.u. for single area case is 

𝛥𝑃𝐺 − 𝛥𝑃𝐷  =  
2𝐻

𝑓0
 

𝑑

𝑑𝑡 
(Δ𝑓) + B Δf                                                                     (16) 
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For a two area case, the surplus power can be expressed in p.u. as 

𝛥𝑃𝐺1 − 𝛥𝑃𝐷1  =  
2𝐻1

𝑓0
 

𝑑

𝑑𝑡 
(Δ𝑓1) + B1 Δf1 + ΔPTL1                                                (17)  

 

Taking Laplace transform on both sides of equation (18) 

𝛥𝑃𝐺1(𝑠) − 𝛥𝑃𝐷1(𝑠)  =  
2𝐻1

𝑓0
𝑠 

𝑑

𝑑𝑡 
(Δ𝐹1(𝑠)) + B1 ΔF1(s) + ΔPTL1 (s)          

 

Rearranging the above equation as follows, we get 

     𝛥𝑃𝐺1(𝑠) − 𝛥𝑃𝐷1(𝑠)  =  Δ𝐹1(𝑠) (
2𝐻1

𝑓0
𝑠 + B1) + ΔPTL1 (s)          

Δ𝐹1(𝑠) = [𝛥𝑃𝐺1(𝑠) − 𝛥𝑃𝐷1(𝑠) −  Δ𝑃𝑇𝐿1 (s)] [

1

𝐵1

1+[
2𝐻1

𝐵1𝑓0
]𝑠 

]             

Δ𝐹1(𝑠) = [𝛥𝑃𝐺1(𝑠) − 𝛥𝑃𝐷1(𝑠) −  Δ𝑃𝑇𝐿1 (s)] 
𝐾𝑝𝑠1

1+𝑇𝑝𝑠1
                                          (18) 

 Where 𝐾𝑝𝑠1  = 
1

𝐵1
    and  𝑇𝑝𝑠1 = 

2𝐻1

𝐵1𝑓0
 

  

 By comparing equation (18) with single area equation (16), the only additional terms is the 

appearance of signal Δ𝑃𝑇𝐿1 (s). Taking Laplace transform on both sides of equation (12), we 

get  

For Control area-1 

 ΔPTL1 (s) = 2πT12 [
𝛥𝐹1(𝑠)

𝑠
 −  

𝛥𝐹2(𝑠)

𝑠
] 

Or this equation can be written as 

 ΔPTL1 (s) = 
2𝜋𝑇12

𝑠
  [𝛥𝐹1(𝑠) −  𝛥𝐹2(𝑠)]                                                                (19) 

 

For Control area-2 

 ΔPTL2 (s) = 2πT21 [
𝛥𝐹2(𝑠)

𝑠
 −  

𝛥𝐹1(𝑠)

𝑠
] 

               = -2πa12T12 [
𝛥𝐹1(𝑠)

𝑠
 −  

𝛥𝐹2(𝑠)

𝑠
] 

 ΔPTL2 (s) = 
−2𝜋𝑎12𝑇12

𝑠
  [𝛥𝐹1(𝑠) −  𝛥𝐹2(𝑠)]                                                         (20) 

 

 In single area power system, Area Control Error (ACE) is the change in frequency. In a two 

power system, ACE is the linear combination of the change in frequency and change in tie-line 

power. Thus, for control area-1 we have 

 ACE1 = ΔPTL1 + b1 Δf1                                                                                           (21) 

 

Where b1 = constant = area frequency bias. Taking Laplace transform on both sides of equation 

(21), we get 

 ACE1(s) = ΔPTL1 (s) + b1 ΔF1(s)                                                                             (22) 

 

Similarly, for control area-2, we have 

 ACE2(s) = ΔPTL2 (s) + b2 ΔF2(s)                                                                             (23) 

 

 Equation (22) and (23) indicate that a control signal made of tie-line flow deviation added 

to frequency deviation weighted by a bias factor would accomplish the desired objectives. This 

control signal is known as area control error (ACE).  

 

3. Control Strategy 

 Controller determines the value of controlled variable, compare the actual value to the 

desired value (reference input), determines the deviation and produces a control signal that will 

reduce the deviation to zero or to a smallest possible value. In automatic generation control of 
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thermal generating unit need to control or maintain the frequency constancy, reduced 

oscillation and zero steady state error, so following types of controller are used, [10] 

 

A. PID Technique 

 
Figure. 2 Proportional Plus Integral Plus Derivative Control Scheme Model 

 

 This is a combination of proportional, integral and derivative controller so called three 

action controller. This controller are using from many year back for controlling such action 

with maintaining their performance.  

 Control Area Input = Kp Error Signal + Kp Ki ∫ (Error Signal + Kp Kd 

d Error Signal

dt
 )                   

  (24) 

B. Intelligent (Fuzzy Logic) Technique 

 Fuzzy logic establishes the rules of a nonlinear mapping. There has been extensive use of 

fuzzy logic in control applications. One of its main advantages is that controller parameters can 

be changed very quickly depending on the system dynamics because no parameter estimation 

is required in designing controller for nonlinear systems. Fuzzy logic controller is shown below 

[6],  

 
Figure 3. Fuzzy Logic Control Scheme Model 

 

  

 
Figure 4. Fuzzy Inference System Editor 
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 The inputs of the proposed fuzzy controller are e, and rate of change in ce. The 

appropriate membership function and fuzzy rule base is shown in below, where 7 

membership function, NB, NM, NS, Z, PS, PM, and PB represent negative big, 

negative medium, negative small, zero, positive small, positive medium, and positive 

big, respectively make 49 (7×7) rule [7].  

 

Table 1. Fuzzy Inference Rule 
Error (e) 

Change in  

Error 
(ce) 

 NB NM NS ZO PS PM PB 

NB PB PB PB PB PM PM PS 

NM PB PM PM PM PS PS PS 

NS PM PM PS PS PS PS ZO 

ZO NS NS NS ZO PS PS PS 

PS ZO NS NS NS NS NM NM 

PM NS NS NM NM NM NB NB 

PB NS NM NB NB NB NB NB 

 

C. Evolutionary (GA Controller) Technique 

 The genetic algorithm is a robust optimization technique based on natural selection. A 

possible solution to a specific problem is seen as an individual. A collection of a number of 

individuals is called a population. The current population reproduces new individuals that are 

called the new generation. The new individuals of the new generation are supposed to have 

better performance than the individuals of the previous generation. GA have been successfully 

implemented in the area of industrial electronics, system identification, control robotics, pattern 

recognition, planning and scheduling, flow chart for tuning of PID controller using genetic 

algorithm is shown below in Figure. 5, [14], [15]. 

 

 
Figure 5. Flow chart for tuning of PID using genetic algorithm (GA) 

 

Table 2. GA Parameters 

 
Fitness 

Function 
Variables 

Population 

Size 
Selection Mutation Cross Over Bound Limit 

Four 
Area 

@fun_pid 12 20 Stochastic 
Constant 

Dependent 
Scattered [0-5] 

 

 The above table 2 show the GA parameters used in this paper for solving of AGCs problem 

of four areas. The table 3 for different valus of P, I, D is shown bellows: 
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Table 3. PID Value for tuning using GA controller 
PID P1 I1 D1 P2 I2 D2 P3 I3 D3 P4 I4 D4 

Value -4.6429 -4.9075 -2.3772 -4.6757 -0.5139 -2.2219 -2.1344 -0.9339 -2.0876 -0.1238 -1.1348 -0.2012 

 

This table gives the values of P, I, D, which are 12 variables used for tuning by using GA 

controller 

 

4. Results and Discussion 

 

 
Figure 6. Frequency Response of Area 1 with Fuzzy Controller 

 

 

 
Figure 7. Frequency Response of Area 2 with Fuzzy Controller 

 

 

 
Figure 8. Frequency Response of Area 3 with Fuzzy Controller 

 

 All the results are carried out by using MATLAB/Simulink to investigate the performance 

of four areas reheat thermal system. The power system parameters are given in appendix. The 

step load disturbance of 0.01 p.u. was applied in four areas for all the cases and deviations in 

frequency and corresponding tie-line power were investigated. The AGC performance through 

fuzzy logic technique is compared with GA (Using tuning of PID controller) technique. The 

change in frequency and corresponding tie-line deviation under the load disturbances of 0.01 

p.u. in four areas are shown in figure 6 to figure 21. Comparative value of settling time shown 
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in table 2, it is observed that the evolutionary (GA for tuning of PID Controller) technique 

controller improve the dynamic performance of the system as compared to intelligent (Fuzzy 

Logic Controller) techniques. 

 

 
Figure 9. Frequency Response of Area 4 with Fuzzy Controller 

 

 

 
Figure 10. Tie-Line Power Response of Area 1 with Fuzzy Controller 

 

 

 
Figure 11. Tie-Line Power Response of Area 2 with Fuzzy Controller 

 

 

 
Figure 12. Tie-Line Power Response of Area 3 with Fuzzy Controller 
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Figure. 13 Tie-Line Power Response of Area 4 with Fuzzy Controller 

 

 

 
Figure 14. Frequency Response of Area 1 with GA Controller 

 

 

 
Figure 15. Frequency Response of Area 2 with GA Controller 

 

 

 
Figure 16. Frequency Response of Area 3 with GA Controller 
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Figure 17. Frequency Response of Area 4 with GA Controller 

 

 

 
Figure 18. Tie-Line Power Response of Area 1 with GA Controller 

 

 

 
Figure 19. Tie-Line Power Response of Area 2 with GA Controller 

 

 

 
Figure 20. Tie-Line Power Response of Area 3 with GA Controller 
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Figure 21. Tie-Line Power Response of Area 4 with GA Controller 

 

Table 4. Comparative value of settling time (Proposed) 

 
 

5. Conclusions 

 The performance of automatic generation control of four area reheat thermal power system 

is investigated in this paper. To demonstrate the effectiveness of proposed controller 

evolutionary (Genetic Algorithm for tuning of PID controller) technique, the control strategy 

based on intelligent (Fuzzy Logic) technique is applied. The performance of these techniques is 

evaluated through the simulation. The results are tabulated in Table II respectively. 

 The results of proposed technique have been compared with conventional and intelligent 

technique and it shows that the proposed technique give good dynamic performances and 

results. So it can be concluded that the evolutionary technique give better settling performance 

than the intelligent controllers.  

 

Appendix  

Power System Parameters are as follows: 

f=60Hz; R1=R2=R3=R4=2.4Hz/p.uMW; Tsg1=Tsg2=Tsg3=Tsg4= 0.08Sec; Tps1=Tps2=Tps3=Tps4=20Sec; 

Tt1=Tt2=Tt3=Tt4=0.3Sec; Tr1=Tr2=Tr3=Tr4=10Sec; Kr1=Kr2=0.5TU; Kr3=3.33TU; Kr4=3TU; 

a12=a23= a34=a41=1; H1=H2=H3=H4=5MW-S/MVA; Pr1=Pr2=Pr3=Pr4=2000MW; 

Kps1=Kps2=Kps3=Kps4=120Hz /puMW; Ksg1=Ksg2=Ksg3=Ksg4=1; Kt1=Kt2=Kt3=Kt4=1; D1234=8.33*10
-

3
p.uMW/Hz.; B1234=0.425p.u.MW/hz; ΔPD1234=0.01 p.u; T12= T23= T34=T41=0.0867MW/Radian; Ptie 

max=200MW. 

 

Nomenclature 

AGC   Automatic Generation Control 

Pri       Rated power capacity of area i 

f         Nominal system frequency 

Δf      Change in supply frequency 

Di          System damping area i 

Tsg       Speed governor time constant 

Tt        Steam turbine time constant 

Tps         Power system time constant 
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Ksg      Speed governor gain constant 

Kt       Steam turbine gain constant 

Kps       Power system gain constant 

Bi       Frequency bias parameter 

ΔPDi   Incremental load change in area i 

i         Subscript referring to area 1 2 3 etc. 

H       Inertia constant 

R       Speed regulation of governor 

a        Ratio of rated power of a pair of areas four area system 

T        Synchronous coefficient of tie-line system 

Ptie max Tie-line power 
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