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Abstract— In an interconnected power system, if a load in 

system changes randomly, both frequency and tie line power 

changes. The increasing load demands make‟s a serious 

impact on power system. The main aim of load frequency 

control is to minimize the transient variations and also to 

make sure that steady state error is zero. Many modern 

control techniques are used to implement a reliable 

controller. The objective of these control techniques is to 

produce and deliver power reliably by maintaining both 

voltage and frequency within permissible range. The study 

is mainly carried out to focus on the reliability of various 

control techniques of load frequency control of the proposed 

system through simulation in the MATLAB- SIMULINK. 

Key words: Area Load Frequency Control (ALFC), 

Proportional-Integral-Derivative (PID), Ziegler Nichols 

(ZN)          

I. INTRODUCTION 

The modern power systems with industrial and commercial 

loads need to operate at constant frequency with reliable 

power. Area Load Frequency Control (ALFC) is a very 

important issue in power system operation and control for 

supplying sufficient and reliable electric power with good 

quality. The main goal of the LFC (Load Frequency 

Control) is to maintain zero steady state errors for frequency 

deviation [6].Subjected to any disturbance, the nominal 

operating point of a power system changes from its pre-

specified value .As a result the deviation occurs bout the 

operating point such as nominal system frequency, 

scheduled power exchange to the other areas which is 

undesirable. When dealing with the LFC problem of power 

systems, unexpected external disturbances, parameter 

uncertainties and the model uncertainties of the power 

system pose big challenges for controller designer [2]. The 

LFC problems have been tackled with by the various 

researchers in different time through AGC regulator, 

excitation controller design and control performance with 

respect to parameter variation/uncertainties and different 

load characteristics. As the configuration of the modern 

power system is complex, the oscillation incurred subjected 

to any disturbance may spread to wide areas leading to 

system blackout [7].   

II. LOAD FREQUENCY CONTROL 

A good quality of the electric power system requires both 

the frequency and voltage to remain at standard values 

during operation. It will be impossible to maintain the 

balances of both the active and reactive powers without 

control. As a result of the imbalance, the frequency and 

voltage levels will be varying with the change of the loads. 

Thus a control system is essential to cancel the effects of the 

random load changes and to keep the frequency and voltage 

at the standard values. The frequency is highly dependent on 

the active power while the voltage is highly dependent on 

the reactive power. Thus the control issue in power systems 

can be decoupled into two independent problems. One is 

about the active power and frequency control while the other 

is about the reactive power and voltage control. The active 

power and frequency control is referred to as load frequency 

control (LFC) [8]. The foremost task of LFC is to keep the 

frequency constant against the randomly varying active 

power loads, which are also referred to as unknown external 

disturbance. Another task of the LFC is to regulate the tie-

line power exchange error. Basically, Single area power 

system consists of a governor, a turbine and a generator with 

feedback of regulation constant. System also includes step 

load change input to the generator [6]. As per the increase in 

load there should be a gradual increase on generation side 

also. The system should be more reliable and should work 

very efficiently. So to fulfill that requirement the system is 

interconnected with other system with the help of tie-line. 

As a result whenever there is a fault in particular area and if 

that area fails to make the system stable at that time 

interconnected area helps to bring back the unhealthy area 

back to stable system and try to remove  area control error 

as soon as possible. But eventually, the area that is subject to 

the load change should balance it without external support. 

Otherwise there would be economic conflicts between the 

areas. Hence each area requires a separate load frequency 

controller to regulate the tie-line power exchange error so 

that all the areas in an interconnected power system can set 

their set points differently. 

III. PID CONTROLLER 

The design of PID controllers still remains a remarkable 

challenge for researchers. In simple words, the PID 

controller is used to improve the dynamic response as well 

as reduce or eliminate the steady-state error. The derivative 

term normally adds a finite zero to the open loop plant 

transfer function and can improve the transient response in 

most cases. The integral term adds a pole at origin resulting 

in increasing the system type and therefore reducing the 

steady-state error. Furthermore, this controller is often 

regarded as an almost robust controller. As a result, they 

may also control uncertain processes. The well-known PID 

controller transfer function is as follows [6]: 
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Where u(t) is the controller output and e(t) is the 

error signal. Kp , Ki and Kd are proportional, integral and 

derivative gains of the controller. The limitation 

conventional PI and PID controllers are slow and lack of 

efficiency in handling system non-linearity. Generally these 

gains are tuned with help of different optimizing methods 

such as fuzzy logic control, Genetic algorithm, etc.. the 
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optimum gain values once obtained is fixed for the 

controller. 

IV. PID TUNING  

Generally these gains are tuned with help of different 

Conventional techniques and Artificial Intelligence 

techniques like genetic algorithm, practical swarm 

optimization etc..The tuning process of PID parameters with 

conventional methods are bit time consuming and the 

parameters obtained from conventional methods are not 

more reliable. So to remove that problem Artificial 

Intelligent methods are introduced they are mainly used for 

tuning of PID parameters they are fast and the parameters 

obtained from intelligent methods are more accurate and 

more reliable for the stable system operation. 

 
Fig. 1: Block Diagram of Two Area Power System. 

The terms showed in the Figure 1 are termed given below: 

fi :Nominal system frequency of ith area. [HZ] 

Δf1: Incremental frequency deviation of ith area. [HZ pu] 

Tsi : Speed governor time constant of i th area [sec.] 

Kgi : Gain of speed governor of i th area 

Ri : Governor Speed regulation of the of ith area [ Z 

H/pu.MW] 

Tti : Governor Speed regulation of the of ith area [ Z 

H/pu.MW] 

Kti : Gain of turbine of ith area 

Kpi : Gain of power system (generator load) of ith area. [ Z 

H /pu.MW] 

Kpi = 1/D 

Tpi : Gain of power system (generator load) of ith area.[ ZH 

/pu.MW] 

Tpi = 2Hi /Difi 

Hi : Inertia constant of i th area . [MW-sec/MVA] 

ΔPGi : Incremental generator power output change of ith  

area .[pu MW] 

ΔPti : Incremental turbine power output change of i th area. 

[pu MW] 

Ki : Gain of controller of ith area. 

The plant for a power system with a non-reheated turbine 

A. Consist of Three Parts: 

 Governor With Dynamics: 

               ( )  
 

     
                                          (2) 

 Turbine With Dynamics: 

              ( )  
 

     
                                           (3) 

 Load And Machine With Dynamics: 

               ( )  
  

     
                                         (4) 

Now the open-loop transfer function without droop 

Characteristic for load frequency control is 

 ( )         
  

(     )(     )(     )
         (5) 

V. CONVENTIONAL TECHNIQUE 

A. Methodology: 

The structure of a PID controller is 

  ( )     
  

 
                        (6) 

Where KP, KI and KD are proportional, integral 

and derivative gain constants.PID controller tuning can be 

achieved in three steps. 

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 value of KP results in decrease of rise time 

and steady state error but highly oscillatory 

response. Higher value of 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 select a value of 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 also obtained by varying KD with 

KP found in Step 1 and analyzing the resulting 

response from the corresponding simulation. So we 

have to fix 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, now vary KI 
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and select KI that results in zero steady state error 

in minimum time. 

This completes the tuning of PID controller. 

 
Fig. 7: Output Frequency Response of Area 1 Using 

Different Controllers 

VI. ZIEGLER NICHOLS 

The most popular tuning methodology was proposed by 

Ziegler and Nichols in 1942. PID controller„s online auto 

tuning that is based on Ziegler Nichols tuning method. The 

advantage of Z-N PID controller tuning is also carry out for 

higher order systems. Z-N PID Controller is controlling the 

plant or system by continuously monitoring plant output 

which is known as process value with the desired process 

value known as set point of the system. The PID controller 

manipulates on the difference between process value and set 

point called as error. In the conventional controlling method 

the transfer function of plant should be calculated in order to 

find out various parameters and the value of PID constants. 

But in this method there is no necessary to derive the 

transfer function of the system. Thus Z-N PID controller is 

monitoring the plant depending on set point and process 

value and irrespective of the nature of plant. 

A. Ziegler-Nichols Tuning Rule: 

Ziegler-Nichols tuning rule was the first such effort to 

provide a practical approach to tune a PID controller. 

According to the rule, a PID controller is tuned by firstly 

setting it to the P-only mode but Adjusting the gain to make 

the control system in continuous oscillation. 

1 With P only closed loop control, increase the 

magnitude of the proportional gain until the closed loop is in 

a continuous oscillation for slightly larger value of 

controller gain, the closed loop system is unstable while for 

slightly lower value the system is stable. 

 

Fig. 8: Two Area Closed Loop System 

2 The value of controller proportional gain that 

causes the continuous oscillation is called the critical or 

ultimate gain Ku. The peak to peak period is called the 

critical or ultimate period Pu. 

 
Fig. 9: Unstable Response by P Controller for Slightly 

Lower Value. 

 
Fig. 10: Stable Response by P Controller For Perfect Value. 

 
Fig. 11: Unstable Response by P Controller For Higher 

Value. 

3 Depending on the controller chosen P, PI, PID 

use the values in table for the tuning parameters based on 

the critical gain and period. 

Controller 

 
Kc Ti(sec) Td(sec) 

P Ku/2 - - 

PI Ku/2.2 Pu/1.2  

PID Ku/1.7 Pu/2 Pu/8 

Table 1: Ziegler-Nichols Tuning Table 

We got the stable response for gain value 74 so 

Kc=74 and peak to peak period is 2 so Pu=2 now replacing 

the value of Kc and Pu in above table we get the values for 

the different controllers. 
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Fig. 12: Two Area Closed Loop PID Controller System 

 

Fig. 13: Output of ZN-PID Controller 

 

Controllers Settling Time(sec) 

I 30 

PID 22 

ZN-PID 19 

Table 2: Comparison of Different Controller 

VII. CONCLUSION 

In this paper firstly, design of I and PID controller technique 

is used and later on ZN-PID method is being performed. The 

output of the load change was controlled with less overshoot 

and shorter settling time using the ZN-PID based controller, 

the Simulations results show that the proposed ZN controller 

is more better and effective for improving the dynamic 

performance of the power plant compared to the 

conventional integral controllers. The proposed ZN 

controller still achieves good dynamic performance compare 

to that of P, PI and PID Controller. But ZN tuning methods 

has some limitations it can‟t be used for I and PD 

controllers. So finally we can conclude that ZN tuning 

method is better compare to the PID controller. 
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