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Abstract— This study presents the design and 

implementation of PID controller for automatic generation 

control (AGC) Automatic Generation Control (AGC), a 

significant control process, which is responsible for 

frequency control, power interchange and economic 

dispatch, operates constantly to balance the generation and 

load in power system at a minimum cost. Nowadays all 

power system are interconnected, so study of multi area 

power system  is required. Load frequency control (LFC) of 

interconnected power system is important. This ensures the 

zero steady state error in frequency dynamics and proper 

sharing of load by generators of interconnected areas. 
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I. INTRODUCTION 

Nowadays for the interconnected power system the main 

objective of power system operation and control is to 

maintain continuous supply of power with an acceptable 

quality, to all the consumers in the system. The system will 

be in equilibrium, when there is a balance between the 

power demand and the power generated. As the power in 

AC form has real and reactive components: the real power 

balance; as well as the reactive power balance is to be 

achieved. There are two basic control mechanisms used to 

achieve reactive power balance and real power balance. 

Automatic reactive power control is normally to maintain 

the acceptable voltage profile in power system. And the 

automatic active power is to maintain the frequency value 

between the acceptable limits. The former is called the 

automatic voltage regulator (AVR) and the latter is called 

the automatic load frequency control (ALFC) or automatic 

generation control (AGC). 

The active power demand and reactive power 

demand in the power system never remains steady. As we 

cannot predict at what instant of time which type load will 

be connected or be disconnected. The amount of load 

changes which gives the change in active power and reactive 

power demand in power system. 

As the active power demand increases, for the same 

amount of input to the inlet valve the speed of the turbine 

will reduce to some extent. This reduces the frequency of 

the generated power. Similarly for reduced power demand 

the frequency will increase. This deviation ion frequency is 

highly undesirable. Only 0.5 Hz of deviation in frequency 

is allowable in power system.  

Similarly to match the reactive power demand the 

excitation of the generator also needs to be continuously 

regulated. Otherwise the voltage magnitude at various buses 

goes beyond the prescribed limits. The permissible change 

in the voltage deviation is 5 V. Thus the uncertainty of 

load is the reason of adapting generation control action. It is 

not feasible to regulate the generation control manually; 

automatic generation control and voltage regulation is 

adapted. 

In an interconnected power system, as the load 

varies, the frequency and tie-line power interchange also 

vary. To accomplish the objective of regulating system 

electrical frequency error and tie-line power flow deviation 

to zero, a supplementary control action, that adjusts the load 

reference set points of selected generating units, is utilized. 

This control process is referred to as Automatic Generation 

Control (AGC). The aim of the Automatic Generation 

Control (AGC) in power systems is to maintain the system 

frequency and tie line flow at their scheduled values during 

normal period in an interconnected system. 

Different types of Automatic Generation 

Controllers are Integral (I), Proportional - Integral (PI), 

Integral – Derivative (ID), or Proportional – Integral- 

Derivative (PID),Integral - Double Derivative (IDD),fuzzy 

logic controller (FLC), genetic algorithm controller (GA), 

Artingificial neural network controller (ANN), Bacterial 

Forg (BF). 

II. AUTOMATIC GENERATION CONTROL 

Automatic Generation Control may be defined as the 

scheme used to restore frequency to the normal value by 

adjusting the generation automatically when there is 

continuous change in the system load. In an interconnected 

power system, active and reactive power demands are never 

steady and they keep on changing. So inputs to generators 

must be continuously regulated in order to match the active 

power demand. In large interconnected power system 

networks regulation by using manual methods is not 

feasible. So equipments for automatic regulation are 

installed on each generator. In AGC controllers are set to 

operate for a particular operating condition and keep the 

frequency within the specified limits by taking care of small 

changes in load demand. If there is any variation in the load 

demand on a generating unit, it results in unbalance between 

real power input and output. The difference between real 

power input and output is supplied by the stored kinetic 

energy of the rotating parts of the unit. 

The kinetic energy of the rotating part is given by: 

Kinetic Energy, K.E. = 
 

 
    

Where, 

 I= moment of inertia;  

ω = angular speed; 

If K.E. decreases, angular speed decreases and 

hence frequency will decrease with the reduction in speed. 

Speed governor senses change in frequency, Δf and then Δf 

is feed back to change the input of prime mover. The signal 

Δf is fed to prime mover in order to keep balance between 

real power input and output.[1] 
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Fig. 1: Load frequency and excitation controller of generator 

Schematic diagram of load frequency and 

excitation control of a turbo-generator is shown in fig1.[2] 

Here the controllers are set for a particular operating 

condition and they take care of small changes in load 

demand without frequency and voltage exceeding the 

prescribed limits. Small changes in active power is 

dependent on internal machine angle. Change in angle is 

caused by momentary change in generator speed. This is the 

indication of change in frequency. 

 

Fig. 2 change of frequency with change in load 

The change of frequency with change in load can 

be given as shown in fig2: 

The value of R determines the slope of the 

governor characteristics and it determines the change on the 

output for a given change in frequency. In practice, R is set 

on each generating unit so that change in load on a system 

will be compensated by generated output. The speed 

governor system should be operated within the restricted 

control range of feedback gains due to system instability. 

Therefore, higher value of step load perturbation 

for a small R value will produce oscillations into the system. 

With higher value of R, the oscillations of the system 

responses increase largely and settling time also increases. 

Now if we are able to control the Generation of active as 

well as reactive power according to the change in the 

demand of power, than the system will operate in healthy 

condition. This can be obtained by controlling the steam 

inflow to the turbine at steam inlet valve and excitation. 

III. TWO-AREA INTERCONNECTED THERMAL POWER SYSTEM 

A two-area non-re-heat type thermal system consists of two 

single areas connected through a power line called the tie-

line as shown in fig 3. Each area feeds its user pool and tie-

line allows the electric power to flow between areas 

 
Fig. 3:  Two area interconnected system. 

Since both areas are tied together, a load agitation in one 

area affects the output frequencies of both areas as well as 

the power flow on the tie-line. 

IV. METHODOLOGY OF PID TUNING: 

The transient response can be improved by using PID 

controller as compared to integral controller. Keeping all the 

dynamic characteristics (i.e. rise time, settling time, 

oscillation & overshoot) in view, the tuning of PID 

controller with randomly selecting gain values yielding 

different responses, is done to obtain a suitable system 

response. 

The structure of a PID controller is shown in fig3. 

 

Fig. 4: Structure of  PID controller 

This structure is simply explained by the following equation 

 ( )     ( )    ∫  ( )  
 

 

   
 

  
 ( ) 

where KP, KI and KD are proportional, integral 

and derivative gain constants.PID controller tuning can be 

achieved in three steps. In Step 1 we select KP that results in 

a highly oscillatory stable response with KD = KI = 0. In 

Step 2 we fix the parameter KD, for KP selected in Step1, 

taking care of transient performance. In Step 3 we fix the 

parameter KI, for KP and KD selected in Steps 1 and 2, 

taking care of steady state performance.  

1) Step1: First we set the gain parameter KP. Here 

KD and KI are zero. By trial and error select KP 

that results in a stable oscillatory performance. 

Higher KP results in decrease of rise time and 

steady state error but highly oscillatory response. 

Higher KP may be employed for a single input 

system.  

In a multi input system if KP is high it is observed 

that it is difficult to damp out these oscillations. Hence 
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select a KP resulting in near to critical damping in case of 

multiple inputs. 

2) Step 2: Now using derivative control reduce the 

above oscillations by providing proper damping 

which results in reasonable overshoot and settling 

time. This can be achieved by varying KD with KP 

found in Step 1 and analyzing the resulting 

response from the corresponding simulation. So we 

have fixed KP and KD. Still KI = 0.  

3) Step 3: So far we have taken care of transient 

performance. What remains is steady state 

performance. Here we concentrate on steady state 

error. If steady state error is not zero, then for the 

values of KP and KD fixed in Step 2, vary KI and 

select the KI that results in zero steady state error 

in minimum time. 

This completes the tuning of PID controller. Please 

note that sometimes Step 2 or 3 may not be required. That is 

PD or PI controller is good enough. 

V. SIMULATION 

A. AGC in Multi Area Power System 

In order to keep the power system in normal operating state, 

a number of controllers are used in practice. Because of the 

inherent nonlinearities in system components and 

synchronous machines, most of the Automatic Generation 

Controllers are primarily composed of an integral controller. 

The integrator gain is set to a level that compromise 

between fast transient recovery and low overshoot in the 

dynamic response of the overall system. This type of 

controller is slow and does not allow the controller designer 

to take into account possible non-linearity in the generator 

unit.  Fig5 Shows the MATLAB simulation model of a two 

area thermal-thermal power system with the integral 

controller. 

The PID controllers over comes the limitations of 

the Integral controller stated above. The PID controller are 

used for the stabilization of the frequency in the AGC 

problems. So tuning of PID controller is very important to 

get optimal performance. 

 
Fig. 5: Two area power system with Integral controller 

PID controller consists of Proportional, Integral and 

Derivative actions. It is usually tuned by Ziegler-Nichols 

method. Ziegler-Nichols method is by far the most common 

control algorithm. In this paper we propose a simple method 

for tuning of PID controller through MATLAB Simulink. 

The proposed methodology is implemented for AGC of two 

area Thermal-thermal power system. 

 
Fig. 6: Two area power system with PID controller 

VI. RESULTS 

Integral and PID controllers are used in AGC modeling. PID 

controllers are tuned as mentioned in Section III. The 

deviation in the frequency of both the areas an the tie-line 

power deviation is also observed and compaired. 

 
Fig. 7:  Frequency Deviation in area 1 of two area thermal  

Power system for step load perturbation of 0.01 in area 1. 

 

Fig. 8: Frequency Deviation in area 2 of two area thermal  

power system for step load perturbation of 0.01 in area 1. 
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Fig. 9: Tie Line Power Deviation of two area thermal  

Power system for step load perturbation of 0.01 in area1 

From all these figures we note that the results are better with 

PID controller tuned by this method compared to Integral 

control with less overshoot/undershoot and settling time. 

VII. CONCLUSION 

Among all the responses obtained, it is observed that PID is 

the classical controller rather than Integral controller whose 

performance characteristics is better in terms of rise time, 

settling time, oscillations & overshoot for both frequency 

and tie-line power. Tuning of the controller is also essential 

for achieving good response and stability with minimum 

error or disturbance. It is also observed that unequal area 

thermal power system yields better frequency and tie-line 

power response as compared to equal area thermal power 

system. 
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