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Abstract 
 

In order to enhance the control action, in this article multi degree of freedom PID controllers (MDFPID) like 2DOF-PID and 3DOF-PID 

controllers are suggested for frequency control in a multi-unit hydro-thermal interconnected system. The finest gains of the recommended 

MDFPID controllers are achieved with Grey Wolf Optimization (GWO) Technique considering a time based evaluative function. The 

dom-inating performance of the suggested control technique is validated by relating the outcomes with a pre-published journal results. The 

robust behavior of the MDFPID controller is also validated by abruptly amplifying the loading of the system. The system dynamic responses 

are analyzed in consideration with time response parameters like minimum undershoots, settling time and peak overshoots. 

 
Keywords: Keywords: Hydrothermal System; Grey Wolf Optimization, Load Frequency Control; Multi Degree Freedom of Proportional-Integral-Derivative 

Controller. 

 

1. Introduction 

Automatic generation control is the most vital part of an interlocked 

power system, which is the solution to many problems in the mod-

ern management systems. AGC helps in maintaining the frequency 

to its desired/nominal value as well as it also helps in transferring 

power in the scheduled value. There should be proper balancing be-

tween the total power generated with the total load demand of a 

particular area thereafter the interconnected power system will be 

properly operating [1]. 

Comprehensive literature surveys have been carried out and many 

researchers have investigated and proposed large varieties of solu-

tions on this particular area of concern over the few past years. Back 

in the year of 1970, NAPSIC or generally known as ‘‘North Amer-

ican Power Systems Interconnection Committee’’ recommended 

that each region should set their frequency bias equaling the char-

acteristics of the responses of the area frequencies [2]. Farahani 

used LCOA i.e. Lozi map-based chaotic technique to optimize the 

gains of the PID controllers in a two-area power system. The results 

have been compared with various other techniques in the paper 

[3].The proposed technique in the paper [4] is a self-tuning tech-

nique which is used to tune the PI along with the PD types fuzzy-

logic controllers, moreover it is compared on the basis of ITAE, 

IAE, settling time, rise time ,etc., with the conventional FLC’s. An 

optimal feedback-output controller is used in a control system in-

volving of thermal along with hydro & gas generating units, also 

taking into considerations about the generation rate-constraints in 

the paper [5]. The dynamic performances of the proposed controller 

are co-related with the full-state feedback controllers. Rabindra et 

al [6] designed and investigated about the differential evolution al-

gorithm basing upon the PI controller, considering a non-reheat 

thermal system for a two-area system and the outcomes were also 

compared with the modern techniques such as BFOA & GA with 

the proposed controller. In the paper [7], a very efficient hybrid op-

timization technique is used i.e., Genetic Algorithm with Particle-

Swarm Optimisation (HGAPSO) for optimally tuning the FPI con-

trollers of a multi-area control system. Paper [8] deals with the in-

tegral/proportional-integral type controller in AGC of thermal type 

and hydrothermal type system. The superior characteristics of the 

electrical hydro governor are highlighted against mechanical hydro 

governor. Saroj Pradhan et al [9] investigated and highlighted the 

superiority of the firefly algorithm optimization technique over 

other optimization methods for the two areas containing thermal 

type system. The investigations also further include the multi-area 

type thermal system comprising generation rate constraints. Paper 

[10] considers listing about the thermal-hydro two-area system. PID 

controllers are used to be tuned by the hybrid firefly algorithm and 

pattern search technique where the output is compared with the 

other methods. Proportional-integral-double derivative controller 

or simply PIDD controller is used in paper [11] for the control of 

frequency of a two-area power system considering thermal-reheat 

type system, implementing the Teaching & learning based optimi-

zation method for optimization process. Furthermore, the investiga-

tion is also extended on a three-area but unequal system. Paper [12] 

highlights about the maiden application of a hybrid technique, LUS-

TLBO or Local Unimodal sampling-Teaching & Learning based 

optimization basing upon the fuzzy-PIDF for LFC in a hybrid 

power system. A simple and new optimization algorithm known as 

GWO algorithm in paper [13] is applied for AGC to solve many 

problems regarding the proper management of power system. 

Sasmita et al [14] investigated as well as designed a hybrid yet very 

superior optimization technique, stochastic fractal Search-Pattern 

Search technique basing upon cascaded PI-PD controller on a hy-

brid powr system. To overcome the challenges and problems cre-

ated by the growing percentage wind energy for the instability in 
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the grid which is stated in paper [15], an automatic online gain es-

timation algorithm using the PSO technique is implemented to op-

timize the controller gains so as to maintain a uniform frequency. 

The work in the paper [16] reflects about the application of FPA or 

flower-pollination algorithm, which is used to optimize the param-

eters of the PID controller gains of an interconnected structure hav-

ing multi areas. 

The above research study indicated that adequate numbers of re-

search work were carried on single loop control action but in this 

research work emphasis has been given to develop two and three 

independent control loop to regulate frequency in control area dur-

ing disturbances. 

2. System investigated 

An investigation has been carried out over a two area of hydro-ther-

mal type power system of 2000 MW interconnected to each other 

through tie line. Fig.1 signifies the transfer function model of the 

recommended system. The rated values of the parameters of the 

scrutinized model are taken from article [10]. Distinct controllers 

are employed for each unit of the power system. The ACE (Area 

control error) of each area behaves as the input signal to the sug-

gested GWO tuned MDFPID controller. This described system is 

surveyed with abrupt perturbations of 0.15pu in area 1 and further 

also studied by incremental load demand. The ACE can be mathe-

matically expressed as: 

 

tieii pfBACE  .
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Fig. 1: Two-Area Two-Unit Hydrothermal System Represented by Transfer Function. 
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Fig. 2: Organization of Two Degree of Freedom PID (2DOF-PID) Controller. 
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Fig. 3: Design of Three Degree of Freedom PID (3DOF-PID) Controller. 

 

3. Proposed approach 

3.1. Design of controller 

The number of control loops which can be controlled inde-

pendently while performing the control action is known as degree-

of-freedom. This paper details about the implementation of 2DOF-

PID controller along with 3DOF-PID controller. Both the control-

lers include multiple control loops like 2DOF-PID consists of dou-

ble control loops and 3DOF-PID consists of triple control loops. 

The output signal which is produced by the 2DOF controller is the 

difference between reference valued signal and system measured 

output. The properties of the three loops of 3DOF controller com-

prises: i) elimination of disturbances ii) shaping the response of 

closed loop iii) improving the stability of the closed loop. The in-

side structures for both the controllers are shown in the Fig. 2-3 

where, )(sR  is denoted for the reference input signal, )(sY is the 

feedback signal from the system measured output & )(sU repre-

sents for the input to the generating unit. The extra loop in the 

3DOF-PID controller denoted as )(sD represents for the disturb-

ances in the system. 
ffG  stands for feed forward controller gain 

in the 3DOF controller. The 3DOF-PID controller unveils having 

seven parameters as seen from the architectural design of the con-

troller. In the outlined figures for both the controllers; the deriva-

tive, integral as well as proportional control gains are denoted as 

PID KKK &,  respectively, N  denoted for the coefficient of the 

derivative filter, finally PW & DW is proportional set-point 

weight and derivative set-point weight respectively. 

3.2. Grey wolf optimization 

Grey wolf optimization technique is a population based meta-heu-

ristics algorithm that based on the leadership and hierarchy mecha-

nism of gray wolves and suggested by Mirjalili et al. in 2014. Grey 

wolves come under the category of four levels of social dominant 

hierarchy and most likely live in a pack containing 5-12 members 

on average. The first level called as alpha (α) consider as leaders in 

a group and answerable for making decisions regarding sleeping 

place, time to walk and so on. All other levels of wolves have to 

obey their decisions by holding their tails down. The second level 

beta wolves are considered as the subsidiary wolves who deliver the 

command of alpha to all the member of pack and feedback to alpha. 

They also help alpha wolves for decisions making and also reflect 

the best aspirant when the alpha dies and get old. The third level 

delta wolves have to obey the decisions of alpha and beta but can 

rule the fourth level hierarchy omega wolves. Scouts, sentinels, el-

ders, hunters and care takers wolves are belong to several categories 

of delta wolves in a group. The fourth level wolves named alpha 

have to follow all other leading wolves. The hunting process nor-

mally conducted by alpha and wolves encircle prey. The below 

mathematical model is used for enclosing the prey 
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Here t, XP and X is known as current position, location vector of 

victim and location vector of wolf respectively. A and C is known 

as coefficient vectors and calculated as 
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Alpha, beta and delta are first three best solutions and other wolves 

have to update their locations rendering to best search agents by 

ensuing the below equations. 
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The whole process of hunting is finished when the wolves attack 

prey and stop moving. The component ‘a’ linearly reduced from 2 

to 0 and the random vectors varies in [0-1]. When |A|<1 the wolves 

attack towards the prey and |A|>one, the wolves are enforced to de-

viate from the prey and discover a fitter prey. The grey wolf finish 

the hunt by attacking the prey when its stop moving. 

4. Result and analysis 

A two area hydro thermal type power system is modeled and simu-

lated in Matlab 2016 Simulink software. The nominal parameters 

of this model are taken from [10]. The MDFPID controllers are im-

plemented in both areas as the secondary controller to maintain the 

stability. The parameters of the controllers are optimized by Grey 

wolf optimization technique. The Integral time absolute error is 

taken as the objective function which is expressed in below 
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To verify the supremacy, the performance of this recommended 

system is examined under two cases. 

4.1. Case 1: A SLP of 1.5% in area 1 

A step load disruption of 1.5% is implemented to area one consists 

of hydro-thermal system. The optimum gains of the MDFPID (2-

DOF-PID and 3-DOF-PID) controllers are presented in Table I. 

Figures 3, 4 and 5 signify the frequency deviation of area 1, area 2 

and the tie-line power respectively. The results are compared with 

the control action of PID controllers [10]. The plots clarify that the 

act of the MDFPID controller is faster than that of PID controllers 

[10]. The system robustness is further established by analyzing the 

vigorous performance of this suggested system concerning perfor-

mance indices like maximum overshoot, settling time and least un-

dershoot. Table 2 lists the values of the performance responses for 

PID and the proposed MDFPID controllers. The least values of each 

index clearly indicate the supremacy of the proposed controller. 

 

 
Fig. 3: Oscillations of Area 1 Frequency. 

 

 
Fig. 4: Oscillations of Area 2 Frequency. 

 

 
Fig. 5: Oscillations of Tie-Line Power. 

4.2. Case 2: abrupt change in loading by 10% 

This hydro-thermal system is now subjected to an abrupt increase 

of load in area 1 by 10%. Figures 6, 7 and 8 display the fluctuations 

in frequency in area one, area two and exchange of tie-line power 

respectively. The simulation outcomes are correlated with the pre-

published PID controller [10].The minimum values of the settling 

time, maximum and minimum overshoot shows the preeminence of 

the projected controller over the traditional PID controller [10]. 

 

 
Fig. 6: Oscillations of Area 1 Frequency with Load Enhancement. 

 

 
Fig. 7: Oscillations of Area 2 Frequency with Load Enhancement. 

 

 
Fig. 8: Oscillations of Tie-Line Power with Load Enhancement. 
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Table 1: The Finest Gains of MDFPID/PID Controllers Obtained by GWO 

3-DOF PID 

Thermal Hydro 

ffG  
PL  

IL  DL  N  PW  DW  ffG  
PL  

IL  
DL  N  PW  DW  

0.001 3.349 3.869 2.399 199.9 2.798 0.997 0.001 0.010 0.012 0.0111 71.18 0.2395 1.412 

2-DOF PID 

PL  IL  
DL  N  PW  DW  PL  IL  DL  N  PW  DW  

3.0525 2.2810 1.7763 84.289 0.9920 0.1000 2.3980 0.0100 2.2955 11.968 3.6820 0.6116 

PID [10] 

PL  
IL  

DL  
PL  

IL  
DL  

PL  
IL  

DL  
PL  

IL  
DL  

1.8457 1.6563 0.6109 -0.4525 0.1378 0.4120 1.292 1.8748 0.4041 -1.0720 -1.3785 0.4541 

 
Table 2: Settling Time, Peak Overshoots and Undershoot. 

Change Settling time (Ts) , Peak Overshoot(Osh) & Undershoot 3-DOF PID 2-DOF PID PID [10] 

Δf1 

Ts (sec) 1.9508 3.7416 5.5512 
410shO  0 0 0.1358 

Undershoots -0.0039 -0.0056 -0.0133 

Δf2 

Ts (sec) 5.0995 6.8760 7.0908 

410shO  0 0 0.1322 

Undershoots -0.0005 -0.0007 -0.0066 

ΔPtie 

Ts (sec) 8.1814 8.9839 5.7528 
410shO  0 0 0.0683 

Undershoots -0.0005 -0.0009 -0.0022 

 

5. Conclusion 

This work implemented MDFPID controllers like 2DOF-PID and 

3DOF-PID controllers to regulate the frequency in each control area 

of the scrutinized unified system consisting of thermal and hydro 

generating units. It also demonstrated that the recommended 

MDFPID controllers exhibit superior performance as compared to 

existing PID controllers in terms of response indices like minimum 

undershoots, settling time and peak overshoots. After successful 

implementation of MDFPID controllers it can be indicated that by 

increasing the numbers of control loop the performance of the sys-

tem also increases. Finally it also demonstrated that the proposed 

method is robust as it can successfully handle the deviations of fre-

quency and interline power during abrupt load variations. 

References 

[1] P. Kundur, Power System Stability and Control, McGraw-Hill, 1994. 
[2] O. I. Elgerd and C. Fosha, “Optimum megawatt frequency control of 

multi-area electric energy systems”, IEEE Transactions on Power 

Apparatus and Systems 89 (4) (1970) 556–563 
[3] M. Farahani, S. Ganjefar, M. Alizadeh, “PID controller adjustment 

using chaotic optimisation algorithm for multi-area load frequency 

control”, IET Control Theory and Applications, 6 (13) (2012) 1984-
1992 

[4] K. R. Mudi, R. N. Pal, “A robust self-tuning scheme for PI-and PID 

type fuzzy controllers”, IEEE Transactions on fuzzy systems, 7 (1) 
(1999) 2-16. 

[5] K. P. Singh Parmar, S. Majhi, D. P. Kothari, “Load frequency control 

of a realistic power system with multi-source power generation”, 

Electrical Power and Energy Systems, 42 (1) (2012) 426-433. 

[6] U. K. Rout, et al. “Design and analysis of differential evolution al-

gorithm based automatic generation control for interconnected 
power system”, Ain Shams Engineering Journal, 4 (3) (2013) 409-

421. 

[7] C. F. Juang & C. F. Lu, “Load-frequency control by hybrid evolu-
tionary fuzzy PI controller”, IEE Proceedings: Generation, Trans-

mission and Distribution, 153 (2) (2006) 186-204. 

[8] Nanda, Janardan, Ashish Mangla, and Sanjay Suri. "Some new find-
ings on automatic generation control of an interconnected hydrother-

mal system with conventional controllers." IEEE Transactions on en-

ergy conversion 21.1 (2006): 187-194. 
[9] Padhan, Saroj, Rabindra Kumar Sahu, and Sidhartha Panda. "Appli-

cation of firefly algorithm for load frequency control of multi-area 

interconnected power system." Electric power components and sys-
tems 42.13 (2014): 1419-1430.  

[10] Sahu, Rabindra Kumar, Sidhartha Panda, and Saroj Padhan. "A hy-

brid firefly algorithm and pattern search technique for automatic gen-
eration control of multi area power systems." International Journal 

of Electrical Power & Energy Systems 64 (2015): 9-23.  

[11] Rabindra Kumar Sahu et al. "Automatic generation control of multi-
area power systems with diverse energy sources using teaching 

learning based optimization algorithm." Engineering Science and 

Technology, an International Journal 19.1 (2016): 113-134. 
[12] Pradeep Kumar Mohanty, et al. "Design and analysis of fuzzy PID 

controller with derivative filter for AGC in multi-area interconnected 

power system." IET Generation, Transmission & Distribution 10.15 
(2016): 3764-3776. 

[13] Guha, Dipayan, Provas Kumar Roy, and Subrata Banerjee. "Load 

frequency control of interconnected power system using grey wolf 
optimization." Swarm and Evolutionary Computation27 (2016): 97-

115.  
[14] Padhy, Sasmita, and Sidhartha Panda. "A hybrid stochastic fractal 

search and pattern search technique based cascade PI-PD controller 

for automatic generation control of multi-source power systems in 
presence of plug in electric vehicles." CAAI Transactions on Intelli-

gence Technology 2.1 (2017): 12-25. 

[15] Kumar, LV Suresh, GV Nagesh Kumar, and Sreedhar Madichetty. 
"Pattern search algorithm based automatic online parameter estima-

tion for AGC with effects of wind power." International Journal of 

Electrical Power & Energy Systems 84 (2017): 135-142. 
[16] Jagatheesan, K., et al. "Application of flower pollination algorithm 

in load frequency control of multi-area interconnected power system 

with nonlinearity." Neural Computing and Applications 28.1 (2017): 
475-488. 

http://creativecommons.org/licenses/by/3.0/

