
 

7 | P a g e  

 

Performance Evaluation of Controller for Load 

Frequency Control in Power System 

Ashish Gupta
1
, Afzal Sikander

2 

1
Department of Electrical Engineering, Graphic Era University, Dehradun (Uttarakhand) (India) 

2
Department of Instrumentation and Control Engineering,  

Dr. B. R. Ambedkar National Institute of Technology, (Jalandhar) (India) 

 

ABSTRACT 

Load frequency control(LFC) play a vital role in order to maintain the frequency regulation in power system. 

This study shows a comparative analysis of PID controller tuning methods for load frequency control in power 

system. Five tuning methods namely Honeywell, Lee, Skogested, Inter Model Control (IMC) based PID 

controller and IMC based PID controller with first order filter is adapted to evaluate their performance and 

used to solve the problem of load frequency control. In this paper higher order single input and single output 

(SISO) system is carried out with the help of Routh approximation and Skogestad methods to reduce second 

order model and first order plus dead time (FOPDT) model. The performance analysis is compared to time 

response specification such as maximum peak overshoot, settling time, rise time and peak time and it is 

observed that Inter Model Control based PID Controller with first order filter exhibit better performance 

comparatively. 

Keywords: PID Controller; Tuning method; IMC based PID Contrpller; First order filter  

I.INTRODUCTION 

Load frequency control (LFC) is the main part of the power system to control its mechanism. The prime 

intention of Load frequency control is keeping a uniform frequency with changing the load. When system 

frequency will be changed, the crucial complication is that the generating units of the power system may not be 

controlled with specified units is called load frequency control (LFC) [1]. Due to increased power, complexity 

increased of modern power system, advanced control institution are used in load frequency control; e.g. variable 

structure control [2]; conventional control [3]-[4];  intelligent control [5]; optimal control [6]-[7]; adaptive and 

self-tuning control [8]; robust control [9]-[10]; and advanced fuzzy and ANN controller [11-14] etc. The 

Advance controlled technique is required to get the knowledge of the system and improved performance is 

identified through online recognizer parameters. Due to advanced control technique, unknown parameters are 

increased and it is not used for the practical purpose for load frequency controller study due to their 

simplicity.PID controller employed to their simplicity. The Power system has multiple conventional, mercantile 

and industrial loads and rotating parts of the machine due to the turbine, Governors, and Generators with help of 

loads giving to satisfy performance at a uniform and immovable frequency. So frequency control is an 
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extremely significant and specific crux in power system operation, process, influence, and control with good 

quality, to provide sufficient, easy, a dependable and accuracy electric power. When power demand is high due 

to commercial and industrial load, electric power will be complex and loaded. As the load fluctuates at single, 

double and multiple areas of the power system, frequency affected multi-area power system through 

transmission lines and frequency fluctuate again. A measured frequency consist transients and load performance 

equipments damage, equipments and apparatus of the machine. When tie line overload, networks fully interfered 

to protect the equipments, so that tuning controllers are manufactured to protect the system’s equipments. 

Tuning controllers are designed to control the transient parts, unstable condition and maintain the frequency. 

The main point is that, when the load frequency controller removed transient and unstable condition of the 

system, system stable. All condition and equipment (loads, governor and turbine) of the power system is 

assimilated [15]. Controlled are used to control active and reactive power, equipment of the system safe. 

Because active power is directly proportional to the system frequency of the power system for e.g. if the 

system’s frequency is 50 hertz, and the network frequency falls below due to many disturbance is 48.5 hertz, 

and goes to high 51.5 hertz, blades of the turbine are damaged and all equipments of the system will be 

damaged. It is very difficult to control the whole part of the machine and system. The Power system’s 

equipments may be harmful [16]. So load frequency control is an important role to provide power quality [17-

18] and robustness and controller are designed to maintain disturbance rejection capability [19] and uncertainty 

of the system and maintain zero steady-state error due to frequency. There are many controllers designed to 

control the different parameters of the load and frequency in the Power system by researchers over the past 

decades. When frequency is transient and fluctuated, so the main aim of the load frequency control is to adjust 

the output power of the power system like generator turbine, and load at prescribing level. There are many 

tuning methods are used in the power system to control the system via PID tuning using Honeywell [20], Lee 

[21], Skogestad [22], Internal Model Control based PID controller [23] and Inter model control (IMC) based 

PID controller with first order filter [24-27]. The flow of active and passive power in the transmission and 

distribution lines are independent to each other and this paper follow to control design for load frequency 

control and the controller can be improved the transient part of the power system [28] and system’s stability 

improved. In this paper transfer function of load frequency control is third order system, the main drawback of 

higher order system is that system is complex and higher order controller is designed to control the system. 

Model order reduction technique used to reduce higher order system to second order system, second order plus 

dead time (SOPDT) and first order plus dead time (FOPDT) using Routh approximation [29]-[30] and 

Skogestad method [31]. All parameters of time response specification (percentage overshoot, settling time, rise 

time and steady-state error) are equal to model approximation (MOR) technique and higher- order system. In 

this paper Internal Model control based PID control using First order filter is required. It is the best technique 

than other four (PID tuning using Honeywell, Lee, Skogestad and IMC based PID controller) and generally IMC 

based PID controller using first order filter is a advanced technique to reduce higher order system to lower order 

system and system is less complex and all parameters (percentage overshoot, settling time, rise time, peak time 

and steady state error) of the system is less than PID tuning using Honeywell, Lee, Skogestad and IMC based 

PID controller without changing parameters of FOPDT, SOPDT, Second order system and higher order system. 
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Much advanced control, strategies improve and implement in load frequency control and automation generation 

control of single area power system, double area and multi-area power system [32-35] e.g. Robust PID 

controller design method based on the maximum peak response specification may be given in [36-37]. 

The rest of the paper is organized as follows: The transfer function model of Non-Reheated Turbine Power 

system with no Droop characteristic was presented in section 2, A PID controllers has being designed for a first, 

second and third order system with transfer function in section 3, Different types of technology use to design a 

PID controller in section 4. Simulation Results and discussions are given in section 5 and finally, the paper is 

concluded in section 6. 

II.LFC PID DESIGN 

1 . LFC Design Non-Reheated Turbine with no Droop Characteristics 

A proportional-integral-derivative controller (PID controller) is derived to closed loop control system which is 

used in industrial, manufacturing and commercial control system. A PID controller can be used to minimize the 

steady state error, rise time, peak time and maximum overshoot. The controller attempted to lowest possible 

value of the error to adjust the process through use of a manipulated variable. A PID controller design to reduce 

higher order system into FOPDT and Second order using PID tuning techniques and its performance has been 

noticed. In this paper five techniques (PID tuning using Honeywell, Lee, Skogestad, IMC based PID controller 

and IMC based PID controller using first order filter) is employed to find controller parameters to receive 

satisfactory closed loop performances, and this performance of being compared between PID tuning using 

Honeywell, Lee, Skogestad, IMC based PID controller and IMC based PID controller using first order filter is 

presented. In this study we have compared the performance of these tuning methods. The plant for a power 

system with a non-reheated turbine (LFC design without droop characteristics) consists of three parts as shown 

in fig.1: 

 

 

Fig 1: Block diagram of a single area power system with droop characteristics 
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2) Turbine with dynamics: 
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3) Load and Machine with dynamics: 
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The open loop transfer function of load frequency control (LFC) is: 
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2 . Generalised Model of PID Controller 

PID controller employed in the process control industry. The main reason is that by the control system engineers 

due to their flexibility and reliability and robust of the system PID controller is widely used. Fig 2 shows block 

diagram of PID controller with load frequency control with single area power system with droop characteristics. 

Where Gx, Gy and Gz show governor, turbine and load and machine transfer function. A PID controller 

represented in transfer function form as: 

( ) i
p d

K
K s K K s
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             (6) 

Where  

pK  = Proportional gain 

iK  = Integral gain 

dK  = Derivative gain 
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Fig 2: Block diagram of PID Controller with LFC 
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III.DESIGN CONSIDERATION 

PID controller is designed for a first, second and third order system with transfer function. Third order transfer 

function is Non-Reheated Turbine without droop characteristics. Third order model is approximated into second 

order model by Routh approximation. Higher order model is converted into FOPDT model through Skogestad 

method (Model order reduction).Fig 3 show a step response of third order, second order and FOPDT model 

without changing parameters means all time specification response parameters are equal plant as well as model. 

1) Higher order (Third order) model. 
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2) Second order model {Routh approximation (   expansion)}. 
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3) First order plus dead time model (FOPDT)  
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Where Time delay -0.19 

 

Fig 3: Step response of Third, Second and FOPDT model 
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IV.DESIGN OF PID CONTROLLER FOR DIFFERENT TUNING METHOD 

1 . PID Tuning using Honeywell 

PID tuning using Honeywell is a modified tuning method of PID Controller structure. In this method the basic 

structure of PID is written as in the form as-: 

                         
11
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Tuning parameters depend on this formula-: 
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Where K= system gain, ,a b  = Time constant of the system and  = Tuning parameter 

 

1.1 Numerical Studies 

Equ.8 reduced in second order system in the form of equ.9 and second order equation is written as-: 
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2 . PID Tuning using Lee 

In this design method, to obtain PID controller parameters through this formula-: 
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To obtain the PID controller parameters substitute the values in this formulas-: 
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Where  = tuning parameter,  = Damping ratio of the system 

 

2.1 Numerical Studies 

 

Equ.8 reduced in second order system in the form of equ.9 and equ.9 written as-: 
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Where  = 2.7597,  = 3.7 

3 . PID Tuning using Skogestad 

In this method first equ.8 converted into equ.9 and equ.9 is modified in the form of equ.13. And next equ.13 

approximate into first order time delayed system and it is written as-: 
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Where  = time delay of the system 
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Now PI setting written as-: 
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3.1 Numerical Studies-: 

 

Equ.8 reduced in second order system in the form of equ.9 and equ.9 written as-: 
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4 . Internal Model Control based PID Controller 

In single area power system IMC based PID controller design for load frequency control. There are many 

control strategies to design a robustness of load frequency control but Internal model control is easy task than 

other technique because IMC has only one tuning parameter and easy to understand. Basically IMC is used to 

disturbance rejection and tracking. So IMC play important role to reduce a order and complexity of the power 
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system and size of the system and cost will be reduced. Fig 4 shows internal model control setting, where Ca(s) 

show transfer function of the system this giving system controlled by the controller, Cm(s) is reduced model and 

it is controlled, Q(s) is IMC control parameter and it is design to tuning parameter and Cd(s) show some type of 

disturbances occur. In this paper internal model control based PID controller without first order filter and with 

filter is compared each other. So show that filter is required to modify the system and model and all parameters 

reduce than other technique 

Q(s) C(s)

Cm(s)

Cd(s)

                D(s)

+

  E(s)         U(s)

 

Fig 4: Basic structure of Internal Model Control 

4.1  IMC based PID controller 
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4.2 Numerical Study 

The third order transfer function of single area LFC is reduced into FOPDT model. 
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5 . Internal Model Control based PID Controller with first order filter 

In the Internal model control based PID controller design, the filter selection is most important role. So IMC 

suggest n
th

 order filter but n
th

 order filter is a higher order filter and system is heavy complex, cost and size of 

the controller increased so n
th

 order filter reduce into second and first order filter but first order filter easy to 

formulation of the IMC based PID controller structure. The most important advantage of first order filter is that 

to predict sharp reference tracking, good disturbance rejection and minimum integral error performance. In this 

technique three parameters is obtained of PID Controller with the help of single parameter is called internal 

model control filter time constant. Various higher order filter is designed but the controller is designed generally 

a low pass filter (first order filter). System is easy to manage different tasks. It is written as- 

                                  ( ) (1 ) nF s s                              (32) 

Where F(s) =low pass filter, n =number of order of filter 

IMC controller Q(s) design the selecting process of filter. Q(s) represent into controller C(s) of conventional 

unity feedback control system. 
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Where MG show model structure and It is modified in the form of FOPDT/SOPDT system. For FOPDT system 

n(no of filter) is 1 and for SOPDT n is 2 and main drawback of second order filter is that to generate extra leg 

term including PID controller.So first order filter is proposed and no need of higher order filter for higher order 

plant and first order filter with PID structure obtained free from extra additional leg term. The basic procedure 

for designing IMC controller filter  

1) IMC based PID controller with First order filter 
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Where ( )MG s  represent model of th system (second order process) and K, a, b, c is dependant  variable and it 

is greater than always zero.  C(s) is a controlled process and equ.38 and equ 39 compare it and determine the 

value of PID control parameters. 
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V.RESULT AND CONCLUSION 

A Proportional-Integral-Derivative tuning method of Power system load frequency control suggest on a PID 

tuning using Honeywell, PID tuning using Lee, PID tuning using Skogestad, IMC based PID controller and last 

one IMC based PID controller with first order filter. This paper covered an overview and this is summary of PID 

controller, design a PID controller using PID tuning using Honeywell, PID tuning using Lee, PID tuning using 

Skogestad, IMC based PID controller and IMC based PID controller with first order filter for first, second and 

third order process. Fig 5 shows simulation result for given process with PID Tuning technique, PID tuning 

using Honeywell, PID tuning using Lee, PID tuning using Skogestad, IMC based PID controller and IMC based 

PID controller with first order filter and IMC based PID controller with first order filter provide better 

performance than other four technique PID tuning using Honeywell, PID tuning using Lee, PID tuning using 

Skogestad, IMC based PID controller. 
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Fig 5: Simulation plot for given process with PID Tuning techniques 

Simulation results using MATLAB Simulink and programing discuss for PID tuning using Honeywell, PID 

tuning using Lee, PID tuning using Skogestad, IMC based PID controller and IMC based PID controller with 

first order filter. PID tuning using Lee and Skogestad suggest high overshoot. It is a main drawback for this 

tuning method and Internal model control based PID controller and PID tuning using Honeywell gives zero 

steady state error and no overshoot and rise time, peak time and settling time will be increased so  this technique 

can not be suggested for this process and Internal model control based PID control with first order filter is a best 

technique than other four technique, all parameters (steady state error, maximum overshoot, rise time, peak time 

and setting time controlled it than obtain using PID tuning using Lee, PID tuning using Skogestad, IMC based 

PID controller. The simulation result shown in Table 1. 

Table 1: Comparison of PID tuning techniques with time specification parameters 

Method Mp(%) Ts(sec) Tr(sec) Tp(sec) 

Honeywell 0 3.3216 1.8399 6.0372 

Lee 14.3880 0.8499 0.2154 0.4832 

Skogestad 87.7049 3.6518 0.1406 0.6169 

IMC 0 16.1537 8.8670 36.6380 

IMC with filter 0 0.0196 0.0110 0.0527 

REFERENCES 

[1] P. Kundur, “power system stability and control, ” New YorkP: McGraw Hill, 1994. 

[2] N.N. Bengiamin and W.C. Chan, “Variable structure control of electric power generation, ” IEEE Trans. 

Power App. Syst., pp. 2271-2285, 1972. 

[3] S. Sondhi and Y.V. Hote, “Fractional order PID Controller for load frequency control, ” Energy convers. 

Manag., pp. 343-353, 2014. 

[4] M.N. Anwar and S. Pan, “A new PID load frequency control design method in frequency domain through 

Direct Synthesis approach, ” Elec. Power & Energy syst., pp. 560-569, 2015. 



 

18 | P a g e  

 

[5] A. Demiroren, N.S. Sengor, and H.L. Zeynelgil, “Automatic generation control by using ANN technique, ” 

Electrical Power component system, pp. 883-896, 2001. 

[6] R.K. Cavin, M.C. Budge, and P. Rasmussen, “An optimal linear system approach to load frequency 

control,” IEEE Trans. Power App. Sys., pp. 2472-2482, 1971. 

[7] M. Calovic, “Linear regulator design for a load and frequency theory, ” IEEE Trans. Power App. Syst., pp. 

2271-2285, 1972. 

[8] C.T. Pan and C.M. Liaw, “An Adaptive controller for power system load frequency control, ” IEEE Trans. 

Power syst., pp. 122-128, 1989. 

[9] M. Azzam, “Robust automatic generation control, ” Energy convers. Manage., pp. 1413-1421, 1999. 

[10] A. Khodabakhshian and N. Golbon, “Robust load frequency controller design for hydro power system, ” in 

proc. IEEE conf. control application (CCA), pp. 1510-1515, 2005. 

[11] G.A. Chown and R.C. Hartman, “Design and experience with a fuzzy logic controller for automatic 

generation control, ” IEEE Trans. Power Syst., pp. 965-970, 1998. 

[12] J. Talaq and F. Al-Basri, “Adaptive fuzzy gain scheduling for load frequency control, ” IEEE Trans. Power 

Syst., pp. 145-150, 1999. 

[13] H. Shayeghi and H.A. Shayanfar, “Application of ANN technique based on µ- synthesis of load frequency 

control of interconnected power system, ” Electrical power energy syst., pp. 503-511, 2006. 

[14] S. Baghya Shree and N. Kamaraj, “Hybrid neuro fuzzy approach for automatic generation control in 

restructured power system, ” Electrical power energy syst., pp. 274-285, 2016. 

[15] H. Zenk and A.S. Aspinar, “Two differewnt power control system load frequency analysis using fuzzy logic 

controller, ” IEEE, pp. 465-469, 2011. 

[16] M. Mahdavian and N. Wattanapongsakorn, “ Load frrequency control for a two area HVAC/HVDC power 

system using hybrid genetic algorithm controller, ” IEEE, pp. 1-4, 2012. 

[17] S.K. Gautam and N. Goyal, “Improved partical swarm optimization based load frequency control in a single 

area power system, ” IEEE, pp. 1-4, 2010. 

[18] H. Shayeghi and A. Jalili, “Load frequency control strategies: A state of the art survey for the researcher, ” 

Energy convers manage., pp. 344-353, 2009. 

[19] S. Sondhi and Y.V. Hote, “Fractional order PID controller for load frequency control, ” Energy conversion 

and manage., pp. 343-353, 2009. 

[20] R.C. Panda, C.C. Yu, and H.P. Huang, “PID tuning rules for SOPDT system review and some new results, 

” ISA Trans., pp. 283-295, 2004. 

[21] Y. Lee, S. Park, M. Lee, and C. B rosilow, “PID controller tuning for desired closed loop responses for 

SISO system, ” AICHE J., pp. 106-115, 1998. 

[22] S. Skogestad, “Simple analytic rules for model reduction and PID controller tuning , ” J. Process control , 

pp. 291-309, 2003. 



 

19 | P a g e  

 

[23] M.A. Tammam and M.A.S. Aboelela, “Fuzzy like PID controller tuning by multiobjective genetic 

algorithm for load frequency control in nonlinear electric power system, ” International Journal od 

Advances in Engineering and Technology, pp. 203-214, 2012. 

[24] S. Saxena and Y.V. Hote, “Simple approach to design PID controller via internal model control , ” Arab. J. 

Science Eng., pp. 3473-3489, 2016. 

[25] S. Saxena and Y.V. Hote, “Advances in internal model control technique: A review and future prospec ts, ” 

IETE Tech, pp.461-472, 2012. 

[26] S. Saxena and Y.V. Hote, “Load frequency control in power system via Internal model control scheme and 

Model order reduction, ” IEEE Trans., Power syst., pp. 2749-2757, 2013. 

[27] S. Saxena and Y.V. Hote, “Internal model control based PID tuning using first order filter, ” International 

Journal of Control, Automation and Syst., pp. 149-159, 2017. 

[28] S.K. Gautam and N. Goyal, “Improved partical swarm optimization based load frequency control  in a 

single area power system, ” IEEE, pp.1-4, 2010. 

[29] S. S axena and Y.V. Hote, “Stabilization of perturbed system via IMC: An application to load frequency 

control, ” Control Engineering Pract,. pp. 61-73, 2017. 

[30] M.F. Hutton and B. Friendland, “Routh approximation for reducing order linear time invarient system, ” 

IEEE Trans. On Automatic Control, pp. 329-337, 1975. 

[31] D.E. Rivera, M. Morari, and S. Skogestad, “Internal model control: PID controller design, ” Industrial and 

engineering chemistry process design and develop., pp. 252-265, 1986. 

[32] K. Jagatheesan and B. Anand, “Dynamic Performance of Multi-Area Hydro Thermal Power Systems with 

integral Controller Considering Various Performance Indices Methods,” IEEE International Conference on 

Emerging Trends in Science, Engineerning and Technology, Tiruchirappalli, pp. 474-478, 2012. 

[33]  Mohamed  A. Ebrahim, Hossam E. Mostafa, Saied. A. Gawish, and, Fahmy M. Bendary, “Design of 

decentralized load frequency based-PID controller using stochastic Partical swarm optimization technique,” 

International conference on electric power and energy conversion system, pp. 1-6, 2009.  

[34] K. Jagatheesan, B. Anand, and, M.A. Ebrahim., “Stochastic Partical Swarm Optimization for tuning of PID 

Controller in Load Frequency Control of Single Area Reheat Thermal Power System,” International 

Journal of Electrical and Power Engineerning, pp. 33-40, 2014. 

[35] K. Jagatheesan, B. Anand, and, Nilanjan Dey, “Automatic generation control of Thermal-Thermal Hydro 

Power System with PID Controller using ant colony optomization,” International Journal of Service 

Science, Management, Engineering, and  Technology, pp. 18-34, 2015. 

[36] S. K. Pandey, S. R. Mohanty, and, N. A. Kishor, “literarture survey on load frequency control for 

conventional and distribution generation power system,” Renew Sustain Energy Rev, pp. 18-34, 2013. 

[37] Tan. W., “Tuning of PID load frequency controller for power system, Energy Convers. Manage., pp. 1465-

1472, 2009. 


