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Abstract
This paper deals with soft computing technique, used for tuning PID controller. Controller tuned

with a harmony search algorithm is used for controlling the frequency and Tie-line power responses of a non

reheat two area power system. Step load perturbation has been given in both areas simultaneously. The

dynamic results obtained by the proposed controller are compared with PID controller of recent published

paper. The performance of the controllers is simulated using MATLAB/Simulation software. The results of

tuned PID are compared with conventional controller on the basis of settling-time, peak over-shoot and peak

under-shoot. Proposed PID gives better results than the conventional controller. The comparative results

also tabulated as a comparative performance.

Keywords: Load frequency control (LFC), Automatic control error (ACE), Proportional Intergal Derivative

controller (PID), Harmony search algorithm (HSA).
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1. Introduction

Power system operator has a responsibility that adequate power must deliver to con-

sumer. Reliability and economically must maintain. For this control, strategy is needed [1]. It

means that there should balance between real and reactive power. As reactive power depends

on the voltage and real power on the generation, it means frequency [2]. The analysis for control-

ling frequency and voltage can be taken separately. In this paper, automatic frequency control is

taken. As the load is changed; the frequency is changed to meet the requirement of the connected

load [3]. The load is varied with fast rate and slow rate we are considering the fast variation; slow

variation is not considered. In larger inerter-connected power system tie line power should be

maintained in a tolerable limit with respect to load change [4]. It becomes necessary to regulate

the input to the turbine by opening of valve the input can be steam or hydro for hydro alternator.

For this, an efficient control strategy is required. The controlling of electric power of the generator

by this method is automatic generation control (AGC) [5, 6]. In this paper, a step disturbance

is considered, and it is seen that the frequency steady state error and tie line steady state error

following the step disturbance should be zero [7].

In the ALFC, there are two loops primary loops and secondary loop, primary loop is fast,

and it is called uncontrolled loop. The secondary loop is slow, which is called controlled loop. Sec-

ondary control loop is done to make the automatic control error to zero. The conventional control

strategy for LFC problems is to be taken the integral of the control error as the control signal, an

integral controller provides zero steady-state error. However, it exhibits poor dynamic behavior, to

improve the dynamic behavior many control techniques are used such as linear feedback, optimal

control, and variable structure control have been proposed [8]. Many algorithms for controlling

the conventional controller gains are proposed. The algorithms are PSO, genetic algorithm, ZN

algorithm [9].

In this paper, the harmony search algorithm is used for tuning the free coefficients of PID

controller. Harmony search algorithm uses a Meta heuristic approach to solve many optimiza-
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tion problems this algorithm was inspired by the method used to improve the tuning or pitches

of the music to obtain better harmony [10]. Harmony search algorithm works on the mimicking

the improvisation of music players. As the most structural optimization methods are based on

mathematical algorithms that require strongly built gradient information [11]. The harmony search

algorithm does not require initial values and uses a random search instead of a gradient search;

so that the derivative information is unnecessary. This algorithm is conceptual using the musical

improvisation process of searching for a perfect state of harmony (i.e harmony memory) to auto-

matically adjust parameter values. This algorithm does not require to fixe initial condition. This

algorithm is used by engineers to solve the optimization problem [12].

Boroujeni et al [13], proposed work for two are power system. Author Tuned the PI by HSA

for quenching the deviation in frequency and Tie-line power due to different loading conditions.

Compare the result of tuned PI by tuned IP. Show effectiveness of both controllers in industries.

Sambariya and Nath, 2015, have proposed the application of particle swarm optimization (PSO)

in optimal tuning of PID parameters for two-area load frequency power system in [14]. The new

NARMA L2 controller is presented in [15]. The fuzzy logic based controller for multi-area system

is presented in [16]. The application of adaptive nero fuzzy logic controller is presented in [17].

Abedinia et al [18], proposed work to solve the LFC problem. By implementing a new

multi-stage fuzzy (MSF) controller based on multi-objective Harmony search algorithm (MOHSA).

Membership Function of fuzzy is designed automatically by the proposed MOHSA method. Com-

pare results with other controllers used for LFC. Sanpala and Vakula [19], in proposed work two

interconnected are with identical parameters are considered for study. The presented work better

utilized the harmony search algorithm to design the optimal parameters of Fuzzy-PID.

Sambariya and Prasad [20], have designed a Fuzzy logic power system stabilizer, whose

parameters are tuned by Harmony search algorithm. The Parameters of the PD controller are

considered as the normalized factors of FPSS and Tuned using harmony search algorithm.

In this paper, conventional PID controllers are compared with HSA-PID controller. It is

found that tuned PID controller is better than the conventional controller. The settling time, over-

shoot time, steady-state error is reduced by using a proposed controller as compared to the con-

vention controller. By MATLAB software the frequency response, tie line power, governor power

disturbance response is compared of both the area.

The paper is organized in 5 sections. The problem formulation with system description,

process and objective function is presented in section 2.. The harmony search algorithm used

to tune the parameters of PID controller is presented in section 3.. The system responses with

proposed PID controller in terms of frequency and tie-line power are compared to that of the

controllers available in literature and mentioned in section 4.. The paper is concluded in section

5. and followed with appendix, nomenclature and references.

2. Problem formulation

2.1. System description

The system under consideration is a two-area power system. It consists of governor,

non-reheat turbine and load-inertia. The models of the components are solved for obtaining state

vector matrix by state space modeling method. Defining the state variables in terms of differential

variables of the system. The state variables as x1, ..., x9 are defined by differential variables as

in Eqn. 1. The block diagram representation of the system is shown in Fig. 1. The u1, u2 and
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d1 = ∆pd1, d2 = ∆pd2 are representing the control and disturbance variables.

x1 = ∆f1
x2 = ∆pt1
x3 = ∆pg1
x4 = ∆f2
x5 = ∆pt2
x6 = ∆pg2
x7 = ∆ptie12
x8 =

∫

ACE1dt

x9 =
∫

ACE2dt

(1)

 

 

R

 

!

R

sTg  

 

 sT t  

 

 
  

!

 

DH  

sTg  !

!

 sTt  !

!

   
 

!

DH  

 LP 

 mP 

 lP 

 mP 

 !lP 

 
x

 
x 

x

 
u

 
x

 
x

 
x

 
x

 
x

 
u

 
x

 
f 

 
f 

s

T
 !

!  

Figure 1. Block Diagram of two-area interconnected system

State space equations for two area are given as following:

ẋ1 =
−D1

2H1

x1 +
1

2H1

x2 +
−1

2H1

x7 +
(−d1)

2H1

(2)

ẋ2 =
−1

Tt1

x2 +
1

Tt1

x3 (3)

ẋ3 =
−1

R1Tg1

x1 −
1

Tg1

x3 +
−1

Tg1

u1 (4)

ẋ4 =
−D2

2H2

x4 +
1

2H2

x5 +
1

2H2

x7 −
d2

2H2

(5)

ẋ5 =
−1

Tt2

x2 +
1

Tt2

x6 (6)
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(12)

ẋ6 =
−1

R2Tg2

x4 −
1

Tg2

x6 +
1

Tg2

u2 (7)

ẋ7 = 2πT0x1 − 2πT0x4 (8)

ẋ8 = (−B1)x1 − x7 (9)

ẋ9 = (−B4)x4 + x7 (10)

The Eqns. 2 - 10 can be organized as a vector matrix as following in Eqn. 11.

ẋ = Ax+Bu+ Cd (11)

where x is state vector, u is control vector and d is the disturbance vector. The complete matrix

representation is shown in following Eqn. 12.

The two systems interconnected are shown in Fig. 1. The Governor, turbine and load

inertia block are represented with their time constant. The both areas are interconnected using

tie-line. The relevant data of the system is presented in the Appendix.

2.2. Process

Study of load frequency control is considered for two interconnected area power system.

Step Disturbance of 0.01 p.u is given to both areas. The u1, u2 are two controlled signal given

to governor for controlling dynamic response deviations. Harmony Search algorithm is used for

tuning the parameters of PID controller. The designed controller is used control the frequency and

tie - line power deviations in the interconnected area are controlled. The main impact of HSA-PID

is to control the transient response of the system. The tuning scheme of PID parameters is shown

in Fig. 2.

2.3. Objective function

The area control error of both of the areas is sensed and the difference (i.e. error of

ACE) is considered as the signal to be minimized under optimization. The parameters of both PID

controllers are optimized under optimization using HS algorithm subjected to the upper and lower

bounds of the parameters as shown in Eqn. 13.

Kmin

pj ≤ Kpj ≤ Kmax

pj

Kmin

ij ≤ Kij ≤ Kmax

ij

Kmin

dj ≤ Kdj ≤ Kmax

dj

(13)

where, j stands for the PID controller connected an area i.e j = 1, 2. These parameters of the

PIDs are optimized using the objective function as shown in Eqn. 14. It shows the minimization

of integral square error (ISE) of the area control error for the simulation time Tsim.

ISE =

Tsim
∫

0

ACE1(t)−ACE2(t) dt (14)
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Figure 2. The scheme of optimization of PID parameters using harmony search algorithm

3. Harmony search algorithm

The harmony search algorithm (HSA) was developed by Geem.et.al in 2001 [21]. The

HSA is made efficient by using improvisation technique used in music making. The musician

selects the pitches of the instrument for getting better state of harmony. A musician improvisation

is same as the search process in optimization. Every music pitch is equal to the appreciation of

beauty of quantity [22].

The per-formation and efficiency of most of the Meta heuristic algorithm depends on

the extent of balance between diversification and intensification during the search process. The

exploitation is the ability of an algorithm to exploit the search space in the neighborhood of the

current good solution using the information already collected [12]. The pitch adjustment technique

helps in finding the best solution in the harmony memory [23].

The harmony search algorithm depends on the points such as Harmony memory size

(HMS), Harmony memory consideration rate (HMCR), when a musician is improving, he or she

has three possible choice:(1) playing any famous exactly from his or her memory,(2) playing some-

thing similar to the for a mentioned tune(thus adjusting the pitch slightly),(3) composition new or

random notes [24, 25].

3.1. Steps of HS algorithm

Each row of harmony memory (HM), consists of N decision variables and the fitness

score ω ([x1, x2, ..., ω]). The HM is initialized with HMS randomly generated solution vectors [24].

3.1.1. Initialization

Let in an optimization problem, the objective function is represented by Minimization of

F (x), which is subjected to xi ∈ Xi, i = 1, 2, 3N . Where, x is the set of design variables (xi),

(xL
i ≤ xi ≤ xU

i ), and N is the count of design variables.

• Define the variable limits as lower (xL
i ) and upper (xU

i ) or xL
i ≤ xi ≤ xU

i .

• Deciding the value of harmony memory size (HMS), from the range 10 ≤ HMS ≤ 100.

• Decide value of HMCR (harmony memory consideration rate) within the range 0.0 ≤ HMCR ≤
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1.0.

x′

i ←

{

x′

i l{x1

i , x
2

i , ..., x
HMS
i : prob. HMCR

x′

i ∈ Xi : prob. (1−HMCR)

}

(15)

• Decide the value of PAR (pitch adjustment rate) from the range 0.0 ≤ PAR ≤ 1.0.

xi
j = xL

j + rand(0, 1)× (xU
j − xL

j ) (16)

x′

i ←

{

yes with probability PAR

no with probability (1− PAR)

}

(17)

• Compute the step size (bi) as bi =
xU
i −xL

i

N
.

• Specify the maximum limit of iteration number.

3.1.2. HM Initiation

The HM matrix as in Eqn. 18 is filled with randomly generated possible solution vectors

for HMS and is sorted by the values of the objective function f(x).

HM =















x1

1
x1

2
... x1

N−1
x1

N
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1
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2
... x2

N−1
x2

N
...

...
...

...
...
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1
xHMS−1

2
... xHMS−1

N−1
xHMS−1

N

xHMS
1

xHMS
2

... xHMS
N−1

xHMS
N















⇒















f(x1)
f(x2)

...

f(xHMS−1)
f(xHMS)















(18)

3.1.3. Improvisation

A New Harmony vector x′ = (x′

1
, x′

2
, ..., x′

n) is generated based on three criteria: random

selection, memory consideration, and pitch adjustment.

• Random Selection: To decide the value of x′

1
for the New Harmony x′ = (x′

1
, x′

2
, ..., x′

n), the

HS algorithm randomly selects a value from range with a probability of 1−HMCR.

• Memory Consideration: To decide the value of x′

1
, the HS algorithm randomly selects a value

from the HM with a probability of HMCR, where j = 1, 2, ..., HMS. It can be represented

as in Eqn. 18.

• Pitch Adjustment : Each element of the New HM vector x′ = (x′

1
, x′

2
, ..., x′

n) is subjected to

determine whether it should be pitch-adjusted or not. The selected x′

i is further adjusted by

adding an amount to the value with a probability of PAR. The PAR parameter is called the

probability of pitch adjustment and is represented by Eqn. 17 [26].

The ′no′ with probability 1− PAR represents that the probability of not adding any amount.

On the other hand, if the pitch adjustment decision for x′

i is yes, then it is replaced by

x′

i ← x′

i ± bw; where, bw is distance bandwidth in case a continuous variable. The pitch

adjustment is performed on every variable of the New HM vector.
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3.1.4. Updating HM

Let the HM vector is x′ = (x′

1
, x′

2
, ..., x′

n), which is resolved by minimization of objective

function is better than the worst harmony present in the HM. Therefore, the New Harmony is

inserted into the HM, while, the worst harmony is removed from the HM.

3.1.5. Stopping criterion

If the maximum count of improvisations is reached and the stopping criterion as maximum

number of iterations is satisfied, then the process of computation is terminated. Otherwise, go to

steps improvisation and updating HM as above to repeat the process. The HS algorithm is shown

in the Fig. 3.

Start

Initialization
Select

HMCR

Select

PAR

Compute new

Harmony

Modify HM by new

Harmony

Stop Criterion

Updation

of HM

Yes

No

Stop
Yes

No

Improvisation

Figure 3. Working of Harmony Search Algorithm

4. Result and discussion

4.1. Optimization of PID parameters

The system shown in Fig. 1 equipped with PID controllers with unknown parameters as

Kp1,2,Ki1,2,Kd1,2 is simulated to tune these parameters using harmony search algorithm. The

problem of optimization is subjected to minimization of ISE based objective function as shown
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in Eqn. 14 and the parameter bounds as in Eqn. 13. The optimized PID parameters using HS

algorithm are shown in Table 1. The plot of the fitness function with iteration counts is shown in

Fig. 4. It can be seen that the fitness function gets reduced as the iteration count is increased and

around 190 it becomes constant. It is the instant, where the optimal parameters are considered.
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Figure 4. The variation of fitness function with iterations using harmony search algorithm

Table 1. Comparison of parameters of PID controller in literature and proposed HSA-PID controller

Controllers Kp1 Ki1 Kd1 Kp2 Ki2 Kd2

HSA-PID (Prop.) 1.8677 1.9934 1.9099 1.4324 1.9139 1.8247
PSO-PID [27] 3.0 0.8531 0.35 1.98 0.3919 0.1978
Conv-PID [28] 0.1109 0.2742 0.1110 0.0121 0.2019 0.0030
PSO-PID [5] 22.8070 2.0734 17.4628 22.8070 2.0734 17.4628
BFOA-PID [29] 0.1317 0.4873 0.2506 0.1317 0.4873 0.2506
PSO-PID [30] 0.790 1.4252 0.4652 0.790 1.4252 0.4652

4.2. Performance comparison

In this presented work, a two area interconnected system with non-reheat turbine is con-

sidered for load frequency control (LFC) problem. A step load of 0.01 p.u are given in both areas,

which show robustness of the system. Generally, literature survey on LFC show that authors con-

sidered in general 1% step load perturbation in an area is given for an optimal results. In proposed

work, disturbance is given in both area. It has been used for PID tuning. The HSA-PID results

are compared with recent published papers by considering their PID parameters. Frequency re-

sponses of area-1 and area-2 are shown in Fig. 5 - Fig. 6. The tie - line power response is shown

in Fig. 7. It is seen that proposed controller results are far better than the conventional con-

troller. The tie-line power response of an interconnected area obtained by the proposed controller

is compared with PID controller. Comparison of frequency responses on the basis of settling -

time, over - shoot and under-shoot as given in the tabular form in Table 2 - Table 3 and the tie
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-line comparison is given in Table 4. It is found that HSA tuned PID is better than controllers in

[5, 27–30].
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Figure 5. Frequency response of area-1 obtained by HSA-PID and compared with controllers in

[5, 27–30]
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Figure 6. Frequency response of area-2 obtained by HSA-PID and compared with controllers in

[5, 27–30]
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Table 2. Comparison of frequency response of area-1 of HSA-PID compared with conventional

PID

Controllers Settling time Over shoot Under shoot

HSA-PID 12 0.085× 10
−6

−2.03× 10
−4

PSO-PID [27] 14.1 7.34× 10
−4

−4.71× 10
−4

Conv-PID [28] 28.35 - −6.51× 10
−4

PSO-PID [5] 33.16 2.2× 10
−4

−6.3× 10
−4

BFOA-PID [29] 17.28 - −3.9× 10
−4

Conv-PID [30] 18.32 7.34× 10
−4

−3.8× 10
−4

Table 3. Comparison of frequency response of area-2 of HSA-PID compared with conventional

PID

Controllers Settling time Over shoot Under shoot

HSA-PID 12.2 0.31× 10
−4

−3.24× 10
−4

PSO-PID [27] 13.0 1.65× 10
−4

−6.32× 10
−4

Conv-PID [28] 27.50 1.05× 10
−4

−9.70× 10
−4

PSO-PID [5] 27.10 4.4× 10
−4

−1.7× 10
−4

BFOA-PID [29] 16.20 2.8× 10
−5

−5.4× 10
−4

Conv-PID [30] 28.55 3.00× 10
−4

−5.5× 10
−4

Table 4. Comparision of Tie-line power response of area-12 of HSA-PID compared with conven-

tionl PID

Controllers Settling time Over shoot Under shoot

HSA-PID 26.0 1.70× 10
−4 -

PSO-PID [27] 27.2 4.4× 10
−4

−4.4× 10
−4

Conv-PID [28] 43.0 1.043× 10
−4 -

PSO-PID [5] - 2.25× 10
−4 -

BFOA-PID [29] 29 3.87× 10
−5

−0.98× 10
−4

Conv-PID [30] 27.0 3.35× 10
−4

−1.0× 10
−4
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Figure 7. Tie-line power response of area-12 obtained by HSA-PID and compared with controllers

in [5, 27–30]

5. Conclusion

This study shows the application of tuned PID controller for Load Frequency Control of

a two area having different parameter’s values. In this paper, the dynamic responses of the

system have been examined by considering a 1% step load perturbation in either or simultaneous

areas. The conventional controller and PID tuned with different techniques are found to be slow

as compared to PID tuned by the harmony search algorithm. The transients in responses are

removed much faster by proposed PID as compared to the classical controller.

Appendix

Data for area-1 of two-area system

R1 = 0.005, D1 = 0.60, H1 = 5.0, BasePower = 1000MVA, Tg1 = 0.20, Tt1 = 0.50,

B1 = 20.1

Data for area-2 of two-area system

R2 = 0.0625, D2 = 0.90, H2 = 4.0, BasePower = 1000MVA, Tg2 = 0.30, Tt2 = 0.60,

B2 = 16.90

Nomenclature

R1, R2 represents the speed regulation.

D1, D2 represents the frequency-sensitive load coefficient.

H1, H2 represents inertia constant.

Tg1, Tg2 represents the governor time constant.

Tt1, Tt2 represents the turbine time constant.

B1, B2 represents the frequency bias factors.

Optimal design of PID controller for LFC using HS algorithm (D. K. Sambariya)



30 � ISSN: 2502-4752

References

[1] Kothari M, Sinha N, Rafi M. Automatic generation control of an interconnected power system

under deregulated environment. Power Quality ’98, 1998; 95–102, . URL http://dx.doi.org/10.

1109/PQ.1998.710361.

[2] Satyanarayana S, Sharma R, Mukta, Sappa A. Automatic generation control in power plant

using pid, pss and fuzzy-pid controller. International Conference on Smart Electric Grid

(ISEG, ’2014’), 2014; 1–8, . URL http://dx.doi.org/10.1109/ISEG.2014.7005618.

[3] Anand B, Jeyakumar A. Load frequency control of interconnected hydro-hydro system with

fuzzy logic controller. International Conference on Process Automation, Control and Com-

puting (PACC, ’11’), 2011; 1–4, . URL http//dx.doi.org/10.1109/PACC.2011.5978879.

[4] Nanda J, Mangla A. Automatic generation control of an interconnected hydro-thermal sys-

tem using conventional integral and fuzzy logic controller. Proceedings of the 2004 IEEE

International Conference on Electric Utility Deregulation, Restructuring and Power Technolo-

gies, (DRPT 2004), vol. 1, 2004; 372–377 Vol.1, . URL http://dx.doi.org/10.1109/DRPT.2004.

1338524.

[5] Bassi SJ, Mishra PG, Omizegba EE. Automatic tuning of proportionalintergalderivative (pid)

controller using particle swarm optimization (pso) algorithm. International Journal of Artificial

Intelligence & Applications 2011; 2(4):25 – 34, . URL http://dx.doi.org/10.5121/ijaia.2011.

2403.

[6] Nath V, Sambariya DK. Analysis of AGC and AVR for single area and double area power

system using fuzzy logic control. International Journal of Advanced Research in Electrical,

Electronics and Instrumentation Engineering 2015; 4(7):6501–6511, . URL http://dx.doi.org/

10.15662/ijareeie.2015.0407075.

[7] Chang C, Fu W. Area load frequency control using fuzzy gain scheduling of {PI} controllers.

Electric Power Systems Research 1997; 42(2):145 – 152, . URL http://www.sciencedirect.

com/science/article/pii/S0378779696011996.

[8] Farahani M, Ganjefar S, Alizadeh M. PID controller adjustment using chaotic optimisation

algorithm for multi-area load frequency control. IET - Control Theory Applications September

2012; 6(13):1984–1992, . URL http://dx.doi.org/10.1049/iet-cta.2011.0405.

[9] Usman A, Divakar BP. Simulation study of load frequency control of single and two area

systems. IEEE Global Humanitarian Technology Conference (GHTC, ’12’), 2012; 214–219, .

URL http://dx.doi.org/10.1109/GHTC.2012.38.

[10] Shiva CK, Shankar G, Mukherjee V. Automatic generation control of power system using a

novel quasi-oppositional harmony search algorithm. International Journal of Electrical Power

& Energy Systems 2015; 73:787 – 804, . URL http://www.sciencedirect.com/science/article/

pii/S0142061515002537.

[11] Wang CM, Huang YF. Self-adaptive harmony search algorithm for optimization. Expert

Systems with Applications 2010; 37(4):2826 – 2837, . URL http://www.sciencedirect.com/

science/article/pii/S0957417409007891.

[12] Lee KS, Geem ZW. A new meta-heuristic algorithm for continuous engineering optimization:

harmony search theory and practice. Computer Methods in Applied Mechanics and Engi-

neering 2005; 194(3638):3902 – 3933, . URL http://www.sciencedirect.com/science/article/

pii/S0045782504004682.

IJEECS Vol. 5, No. 1, January 2017 : 19 ∼ 32



IJEECS ISSN: 2502-4752 � 31

[13] Boroujeni SMS, Boroujeni BK, Abdollahi M, Delafkar H. Two-area load frequency control

using ip controller tuned based on harmony search. Research Journal of Applied Sciences,

Engineering and Technology 2011; 3(12):1391–1395.

[14] Sambariya DK, Nath V. Optimal control of automatic generation with automatic voltage reg-

ulator using particle swarm optimization. Universal Journal of Control and Automation 2015;

3(4):63–71, . URL http://www.hrpub.org/journals/article info.php?aid=3344.

[15] Nath V, Sambariya DK. Application of NARMA L2 controller for load frequency control of

multi-area power system. IEEE Proceeding of 10th International Conference on Intelligent

Systems and Control (ISCO 2016), vol. 2, 2016; 352–358.

[16] Sambariya DK, Nath V. Load frequency control using fuzzy logic based controller for multi-

area power system. British Journal of Mathematics & Computer Science 2016; 13(5):1–19, .

URL http://dx.doi.org/10.9734/BJMCS/2016/22899.

[17] Nath V, Sambariya DK. Design and performance analysis of adaptive neuro fuzzy controller

for load frequency control of multiarea power system. IEEE Proceeding of 10th International

Conference on Intelligent Systems and Control (ISCO 2016), vol. 2, 2016; 359–365.

[18] Abedinia O, Amjady N, Ghasemi A, Shayeghi H. Multi-stage fuzzy load frequency control

based on multiobjective harmony search algorithm in deregulated environment. Journal of

Operation and Automation in Power Engineering 2013; 1(1):63 – 73.

[19] Sanapala PK, Vakula VS. Harmony search algorithm in optimal design of load frequency con-

troller in deregulated environment. International Journal of Emerging Technologies in Com-

putational and Applied Sciences 2013; 4(5):476 – 486.

[20] Sambariya DK, Prasad R. Design of harmony search algorithm based tuned fuzzy logic

power system stabilizer. International Review of Electrical Engineering (IREE) 2013;

8(5):1594–1607, . URL http://dx.doi.org/10.15866/iree.v8i5.2117.

[21] Geem ZW, Kim JH, Loganathan GV. A new heuristic optimization algorithm: Harmony

search. SIMULATION 2001; 76(2):60–68, . URL http://sim.sagepub.com/content/76/2/60.

abstract.

[22] Yadav P, Kumar R, Panda S, Chang C. An intelligent tuned harmony search algorithm for

optimisation. Information Sciences 2012; 196:47 – 72, . URL http://www.sciencedirect.com/

science/article/pii/S002002551200014X.

[23] Sambariya DK, Prasad R. Optimal tuning of fuzzy logic power system stabilizer using har-

mony search algorithm. International Journal of Fuzzy Systems 2015; 17(3):457–470, . URL

http://dx.doi.org/10.1007/s40815-015-0041-4.

[24] Fourie J, Mills S, Green R. Harmony filter: A robust visual tracking system using the improved

harmony search algorithm. Image and Vision Computing 2010; 28(12):1702 – 1716, . URL

http://www.sciencedirect.com/science/article/pii/S0262885610000934.

[25] Sambariya DK, Paliwal D. Optimal design of PIDA controller using harmony search algorithm

for AVR power system. 6th IEEE International Conference on Power Systems, (ICPS-2016),

2016; 1–6, . URL http://dx.doi.org/10.1109/ICPES.2016.7584219.

[26] Sambariya DK, Prasad R. Design of robust PID power system stabilizer for multimachine

power system using HS algorithm. American Journal of Electrical and Electronic Engineering

2015; 3(3):75–82, . URL http://dx.doi.org/10.12691/ajeee-3-3-3.

Optimal design of PID controller for LFC using HS algorithm (D. K. Sambariya)



32 � ISSN: 2502-4752

[27] Kavya M, Rao GS. Tuning of pid controller in an interconnected power system using particle

swarm optimization. International Journal of Computer Applications 2015; 118(16):35–42, .

URL http://dx.doi.org/10.5120/20833-3513.

[28] Ikhe A, Kulkarni A. Load frequency control for interconnected power system using different

controllers. automation. Automation, Control and Intelligent Systems 2013; 1(4):85 – 89, .

URL http://dx.doi.org/10.11648/j.acis.20130104.11.

[29] Ali E, Abd-Elazim S. BFOA based design of PID controller for two area load frequency control

with nonlinearities. International Journal of Electrical Power & Energy Systems 2013; 51:224

– 231, . URL http://www.sciencedirect.com/science/article/pii/S0142061513000902.

[30] Dhanalakshmi P, Mahadevan K. Assessment of optimal pid tuning controllers for load fre-

quency control. WSEAS TRANSACTIONS on POWER SYSTEMS 2015; 10:116–121.

IJEECS Vol. 5, No. 1, January 2017 : 19 ∼ 32


